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experiencing postoperative delirium
Annelies Heylen1 | Yannick Vermeiren1,2 | Sophia E. De Rooij3,4 |
Rikie M. Scholtens3,4 | Barbara C. Van Munster3 | Debby Van Dam1,3 |
Peter P. De Deyn1,3
1

Laboratory of Neurochemistry and Behavior,
University of Antwerp, Antwerp, Belgium

2

Division of Human Nutrition and Health,
Chair Group of Nutritional Biology,
Wageningen University and Research,
Wageningen, The Netherlands

3

Department of Neurology and Alzheimer
Center, University of Groningen and
University Medical Center Groningen,
Groningen, The Netherlands

4

Department of Internal Medicine, Geriatrics
Section, Academic Medical Center, University
of Amsterdam, Amsterdam, The Netherlands

Abstract
Objectives: Delirium frequently arises in older demented and non‐demented patients
in postoperative, clinical settings. To date, the underlying pathophysiological mechanisms remain poorly understood. Monoamine neurotransmitter alterations have
been linked to delirium and cognitive impairment. Our aim was to investigate if this
holds true in cognitively normal and impaired patients experiencing delirium following
hip surgery.
Methods: Monoamines and metabolites were measured in plasma samples of 181
individuals by means of reversed‐phase ultra‐high‐performance liquid chromatography with electrochemical detection. Delirium and delirium severity were scored
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Cognitive function was assessed using the Informant Questionnaire on Cognitive
Comorbidity Index.
Results: Plasma 5‐hydroxyindoleacetic acid (5‐HIAA), the major metabolite of seimpaired subjects as compared to control individuals without delirium and cognitive
impairment (p < 0.001 and p = 0.007), which remained highly significant after
excluding patients taking psychotropic medication (p < 0.0001 and p = 0.003). No
significant differences were found for cognitively normal delirious patients, although
serotonergic levels were numerically higher compared to control counterparts.
Conclusions: Our findings indicate a general serotonergic disturbance in delirious
and non‐delirious postoperative patients suffering from cognitive impairment. We
observed a similar, but less pronounced difference in delirious patients, which
suggests serotonergic disturbances may be further aggravated by the co‐occurrence
of delirium and cognitive impairment.
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Key points
� Plasma 5‐HIAA was significantly higher in delirious and non‐delirious cognitively impaired
patients compared to control individuals
� 5‐HIAA levels remained significantly higher after excluding patients using psychotropic
medication
� A numerical increase in plasma 5‐HIAA of delirious patients may still suggest an aggravating
effect of delirium and cognitive impairment

1 | INTRODUCTION

as well as its metabolite 5‐hydroxyindoleacetic acid (5‐HIAA), seem
to have fluctuating activity depending on varying etiological fac-

Delirium is a complex neurocognitive complication that is commonly

tors.8,13–20 Recently, an extensive review integrated existing theories

but not exclusively observed in clinical, postoperative settings and in

into a “system integration failure hypothesis”.13 This theory postu-

older patients.1,2 Following the diagnostic criteria of the Diagnostic

lates dysregulated neurotransmission and functional network dys-

and Statistical Manual of Mental Disorders (DSM) (5th ed.; DSM‐5;

connectivity. Here, dysbalanced neurotransmission intersects with

American Psychiatric Association [APA], 2013) and the DSM‐based

network dysconnectivity, as it presumably drives the inability to

Confusion Assessment Method (CAM), a delirious episode ari-

integrate information coming from functionally connected brain

ses acutely and can last from hours to several days. In this period,

regions. Eventually, this results in ‘acute brain failure’: the clinical

patients present with (1) altered baseline cognitive functioning,

picture of delirium.13

attention and awareness, (2) psychomotor disturbances presenting

As mentioned before, the neurotransmitter hypothesis indicates

as: hypo‐ or hyperactivity with unpredictable fluctuations between

that monoamine neurotransmitters are significantly altered along the

one another, (3) circadian rhythm shifts, and (4) potential behavioral

delirium continuum. With no other delirium biomarkers available at

disturbances including depression, anxiety or fear, irritability,

this moment,1 this study could not only increase pathophysiological

euphoria, apathy, or wondering perplexity. According to the afore-

insights, but also contribute to the development of novel neuro-

mentioned criteria, these symptoms should not be better explained

chemical biomarkers in addition to the existing diagnostic tools.

by a secondary (neurocognitive) disorder.3,4 Delirium can have far‐

Eventually, this may improve diagnostic accuracy and accelerate

reaching adverse effects. It is associated with increased risk for

treatment initiation, both of which may contribute to a favorable

other (postoperative) complications, such as falls, hospital‐acquired

prognosis.

conditions, acute malnutrition and dehydration, which prolong the

Given that there is a close relationship between delirium and

hospital stay.5 Functional and cognitive decline following delirious

cognitive impairment and based on the observation that mono-

episodes eventually leads to earlier institutionalization in a majority

aminergic

of patients.1,6,7

delirium, this study aimed at investigating monoamine neurotrans-

Despite these well‐defined diagnostic criteria, the pathophysiological mechanisms underlying the symptoms of delirium are not yet

neurotransmission

is

substantially

dysregulated

in

mitter levels in individuals with or without cognitive impairment and
postoperative delirium following hip surgery.

fully understood and current treatments are merely symptomatic.1,8
Dementia is recognized as a leading risk factor for delirium. On the
other hand, a preceding delirious episode can induce permanent

2 | MATERIALS AND METHODS

neuronal damage, exacerbate cognitive impairment and eventually
provoke new episodes.9–12 There is accumulating evidence that

2.1 | Study population and inclusion criteria

neurotransmission is altered not only in dementia, but also in
delirium. For example, delirium has been associated with decreased

This study was based on the analysis of a subset of the study

acetylcholine levels. In addition, excess release of the monoamines

population and biosamples obtained by de Jonghe et al.21 Samples

(nor)epinephrine ((N)E) and dopamine (DA) and their corresponding

were acquired from a subset of subjects previously included in a

metabolites,

3‐methoxy‐4‐

double‐blind randomized controlled trial investigating the effect of

hydroxyphenylglycol (MHPG) as well as the dopaminergic homo-

such

as

the

norepinephrinergic

melatonin on the incidence of delirium in elderly, hospitalized pa-

vanillic acid (HVA) and 3,4‐dihydroxyphenylacetic acid (DOPAC),

tients (>65 years) who underwent emergent hip fracture surgery.

have likewise been observed. Other neurotransmitters such as his-

The complete protocol of this trial has been described elsewhere.22

tamine, gamma‐aminobutyric acid and monoamine serotonin (5‐HT),

The initial sample size consisted of 2860 plasma and serum samples,
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which was reduced to 536 plasma samples after excluding patients

consistently took place at 11

who received melatonin or for whom only serum samples were

consent was obtained from all participants and approval of the

For the study, written informed

available. Patients were subsequently assigned to one of the four

Medical Ethics Committee of the Academic Medical Center, Uni-

predefined groups. Groups 1 and 2 included samples from delirious

versity of Amsterdam was obtained.

patients with or without cognitive impairment (D+CI+ and D+CI−,
respectively). Group 3 included cognitively impaired patients
without postoperative delirium (D−CI+), whereas group 4 (D−CI−)
comprised control individuals who were cognitively intact and did

2.2 | Assessment of cognitive impairment and
delirium

not experience postoperative delirium. Only one plasma sample per
patient was included, depending on delirium score. Finally, only

Delirium and cognitive impairment were scored as described by de

samples that were collected at least two days after the surgery were

Jonghe et al.21 Delirium was diagnosed applying the CAM.4 Delirium

included, in order to minimize anesthetic effects on plasma mono-

severity was determined with the Delirium Rating Scale‐Revised‐

aminergic levels. A flowchart of our study population and inclusion

1998 (DRS‐R‐98) and was expressed as maximal DRS‐R‐98 score

criteria is shown in Figure 1. Prescription medication use at baseline

during the entire delirium period. During hospitalization, patients

was recorded. Both general psychotropic medication use (medica-

were assessed daily for the presence of delirium based on all patient

tion targeting neurotransmitter systems, i.e. antipsychotics, antide-

information, such as medical and nursing records for the previous

pressants), specific classes of psychotropics or other types of

24 h. In addition, the Delirium Observation Screening Scale was

nervous system medication that could influence delirium symptoms

completed for every patient every nursing shift.23 For patients in

and subsequent scoring, were included for analysis. Blood sampling

which delirium did not manifest after eight days, assessments were

F I G U R E 1 Study population selection. From a total of 2860 samples obtained from de Jonghe et al.21, 181 samples were included in the
present study. Abbreviations: CI, cognitive impairment; D+CI+, delirium and cognitive impairment; D−CI+, no delirium but cognitive
impairment; D+CI−, delirium but no cognitive impairment; D−CI−, no delirium or cognitive impairment; daywrtsurgery, day with regard to
surgery
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terminated, whereas they were continued for delirious patients until

population. Due to a right‐skewed data distribution and limited

their symptoms resolved or until discharge.

number of patients in the D+CI− group, non‐parametric statistics

The presence of global cognitive impairment was confirmed by the

were applied. Fisher's Exact Statistics were applied to compare

Informant Questionnaire on Cognitive Decline (IQCODE),24,25 and the

demographical data across groups, including male to female ratios

Mini‐Mental State Examination (MMSE).26 The Charlson Comorbidity

and patients taking/not taking psychotropic medication. For age

Index (CCI) was performed to determine the number and severity of

comparison between the different groups, Welch's ANOVA analysis

comorbidities.27 In addition, patients were screened for cognitive

with post‐hoc Games‐Howell tests were used. Kruskal‐Wallis ana-

impairment by their primary caregiver completing the shorter Infor-

lyses with post‐hoc Dunn tests and adjusted Bonferroni correction

mant Questionnaire on Cognitive Decline (IQCODE) form (16 instead

were performed to compare monoaminergic levels between the four

of 26 items).24,25 An MMSE was performed by a trained nurse. Even-

study groups. Statistics for NE and MHPG/NE turnover data were

tually, patients were considered cognitively impaired if their IQCODE

not performed as NE peaks were masked and could therefore not be

cut‐off score exceeded 3.4 points, if the MMSE score was 24 points or

reliably detected. The effect of psychotropic medication on neuro-

below, if they scored for dementia in the CCI, or if there was any record

chemical levels was investigated using Mann‐Whitney U tests.

of dementia in their medical history.

Through linear regression, we investigated the effect of several parameters on monoamine levels, including age, sex and anesthesia use.
Data were analyzed using SPSS 24 software for Windows (IBM,

2.3 | RP‐UHPLC‐ECD

Armonk, NY, USA) and GraphPad Prism 9.1.0 (GraphPad Software
Inc, La Jolla, CA, USA).

Plasma levels of monoamine neurotransmitters and their corresponding metabolites were determined using an Alexys Neurotransmitter Analyzer (Antec Leyden BV, Zoeterwoude, The Netherlands).

3 | RESULTS

This reversed‐phase ultra‐high‐performance liquid chromatography
(RP‐UHPLC) setting, coupled to an Decade II electrochemical detec-

3.1 | Demographic data and medication use

tion (ECD) device and equipped with a VT03 flow cell layer with a
0.7 mm glassy carbon working electrode and an in situ Ag/AgCl

Demographic data and use of psychotropic medication are summa-

reference electrode (ISAAC), was optimized for monoamine detection

rized in Table 1. A total of 181 plasma samples from patients with

and based on the protocol as applied and described by Janssens et al.28

emergent hip fracture were included and analyzed in this study

An LC110S pump delivered backpressure up to 700 bar to maintain an

(Figure 1). The mean age was 84 years (84.1 � 6.9) with a minimum

isocratic flow of 68 μl/min. Chromatograms were integrated using

age of 65 years and the majority was female (66.3%). Age significantly

Clarity software (DataApex Ltd., v7.4, Prague, The Czech Republic).

differed among groups (Welch's F (3,27.1) = 10.4, p < 0.05). Further

Optimal compound separation was achieved by means of a 15‐cm

pairwise comparison between the different groups revealed that

Waters Acquity column (BEH C18 column, 130Å, 1.7 μm, 1.0 mm

mean age was significantly lower in the D−CI− group (79.9 � 7.8)

diameter) and an 11% methanol mobile phase consisting of citric acid

compared to the D+CI+ (86.9 � 5.2, p < 0.0001), D+CI− (86.1 � 4.4,

(100 mm), phosphoric acid (100 mm), octane‐1‐sulfonic acid sodium

p = 0.036) and D−CI+ group (86.1 � 5.5, p < 0.0001). However, upon

salt (OSA) (2.8 mm), KCl (8 mm) and ethylenediaminetetraacetic acid

Bonferroni correction (p < 0.00833 for six pairwise comparisons),

(EDTA) (0.1 mm), set at pH 3.0. As part of the sample preparation,

this did not remain significant for the D+CI− group. We found that

Amicon Ultra Centrifugal filters (3 kDA; Millipore, Ireland) were

there was a significant effect of age and sex on 5‐HIAA levels

washed twice by centrifugation (14,000 � g [4°C], 25 min) with 450 μl

(p = 0.038 and p = 0.021, respectively) in the D−CI− group, but not in

of sample preparation buffer. Per sample, 400 μl of plasma was

the other groups. Medication use was recorded at baseline, and only

transferred to the washed Amicon filters and centrifuged (40 min,

the drugs relevant for this study are enlisted below. The number of

14,000 � g [4°C]). Of the obtained filtrate, a 1:4 and 1:20 diluted

patients taking versus not taking psychotropic medication signifi-

fraction were automatically injected onto the BEH C18 column via an

cantly differed (p = 0.022), but pairwise comparisons did not

Alexys AS110 Autosampler (5 μl sample loop) (Antec Leyden BV,

following Bonferroni correction. The percentage of patients taking

Zoeterwoude, the Netherlands). Total runtime for each sample was

antipsychotics significantly differed between the D−CI+ and D−CI−

under 15 min, in which MHPG, NE, E, DOPAC, 5‐HIAA, DA, HVA and

group (D−CI+: 10%, D−CI−: 0%, p = 0.008), as did antidepressant use

5‐HT were determined in that respective order. Each run consisted of

(D−CI+: 25%, D−CI−: 7%, p = 0.003). There was no significant dif-

randomized samples.

ference in anesthesia type use between either of the groups.

2.4 | Statistical analysis

3.2 | Plasma monoamine levels

Shapiro‐Wilkinson normality test was first performed to test whether

Monoaminergic data for each group are presented in Table 2.

our data complied with those of a normally distributed study

Norepinephrine levels could not be reliably detected; therefore, NE
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statistics

5

Age is depicted as mean � SD with minimum‐maximum ranges between parentheses and was compared using Welch's ANOVA

Parameter

D+CI+ (n = 26)

D+CI− (n = 7)

Age at sampling (y)

86.9 � 5.2 (77.7– 86.1 � 4.4 (77.8– 86.1 � 5.5 (69.7– 79.9 � 7.8 (65.0– Welch's F = 10.4
99.0)
90.1)
97.1)
97.2)
p = 0.0001

Sex (Male/Female)

12/14

3/4

D−CI+ (n = 88)

28/60

D−CI− (n = 60)

18/42

Statistics

Fisher's exact
test: 2.7
p > 0.05

Anesthesia type (General/Spinal)

20/5

4/3

62/26

44/16

Fisher's exact
test: 1.8
p > 0.05

Psychotropic medication (NO/YES)

13/12

1/6

29/58

32/27

Fisher's exact
test: 9.3
p = 0.022

Antiepileptics (NO/YES)

25/1

7/0

85/3

58/2

Fisher's exact
test: 0.6
p > 0.05

Anti‐dementia drugs (NO/YES)

25/1

6/1

82/6

58/2

Fisher's exact
test: 2.4
p > 0.05

Antipsychotics (NO/YES)

25/1

7/0

79/9*

60/0*

Fisher's exact
test: 7.4
p = 0.047

Antidepressants (NO/YES)

20/6

6/1

66/22*

56/4*

Fisher's exact
test: 9.3
p = 0.020

Anxiolytics, hypnotics, sedatives (NO/YES)

23/3

4/3

59/29

45/15

Fisher's exact
test: 5.9
p > 0.05

Anti‐Parkinsonian medication (NO/YES)

25/1

5/2

85/3

57/3

Fisher's exact
test: 5.9
p > 0.05

Anticholinergic medication (NO/YES)

23/3

7/0

79/9

54/6

Fisher's exact
test: 0.4
p > 0.05

Corticosteroids (NO/YES)

25/1

6/1

83/5

56/3

Fisher's exact
test: 1.8
p > 0.05

Hormones (NO/YES)

26/0

6/1

83/5

54/6

Fisher's exact
test: 4.0
p > 0.05

Analgesics (NO/YES)

25/1

7/0

72/16

56/4

Fisher's exact
test: 6.2
p > 0.05

(Continues)
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T A B L E 1 (Continued)
Parameter

D+CI+ (n = 26)

D+CI− (n = 7)

D−CI+ (n = 88)

D−CI− (n = 60)

Statistics

Other nervous system drugs/antivertigo
preparations (NO/YES)

26/0

6/1

86/2

58/2

Fisher's exact
test: 3.7
p > 0.05

Notes: Fisher's Exact test was performed to compare male/female ratios and patients not taking/taking psychotropic medication. Statistical results are
enlisted in the rightmost column. Significant results following post‐hoc analysis with Bonferroni correction (p ≤ 0.00833 for six pairwise comparisons)
are classified as p ≤ 0.00833 and are indicated by an asterisk.
Abbreviations: CI, cognitive impairment; D+CI+, delirium and cognitive impairment; D−CI+, no delirium but cognitive impairment; D+CI−, delirium but no
cognitive impairment; D−CI−, no delirium or cognitive impairment.

TABLE 2

Plasma monoamine and metabolite levels and ratios are represented as median with interquartile ranges between brackets

Parameter

D+CI+ (n = 26)

D+CI− (n = 7)

D−CI+ (n = 88)

D−CI− (n = 60)

Kruskal‐Wallis

MHPG (ng/ml)

51.7 (29.8–81.4)

35.0 (20.0–52.8)

47.4 (32.5–64.7)

36.4 (24.0–59.2)

H = 8.3

(n = 26)

(n = 7)

(n = 88)

(n = 60)

p = 0.040

7.9 (3.1–15.1)

11.8 (5.9–18.6)

9.7 (3.8–17.0)

8.8 (5.5–14.5)

H = 0.3

(n = 22)

(n = 5)

(n = 65)

(n = 47)

p > 0.05

6.7 (7.1–11.5)

12.8 (3.8–25.2)

6.0 (4.0–10.0)

5.9 (4.3–8.6)

H = 0.9

(n = 23)

(n = 6)

(n = 79)

(n = 54)

p > 0.05

10.0 (5.4–24.0)

7.4 (5.4–10.7)

6.1 (4.6–8.0)

E (ng/ml)

DOPAC (ng/ml)

5‐HIAA (ng/ml)

8.1 (7.1–11.4)
(n = 26)

DA (ng/ml)

HVA (ng/ml)

5‐HT (ng/ml)

DOPAC/DA

HVA/DA

HVA/5‐HIAA

5‐HIAA/5‐HT

a

b

a,b

H = 14.6

(n = 5)

(n = 86)

(n = 58)

1.3 (1.0–1.7)

1.4 (1.0–2.3)

1.3 (1.1–1.6)

1.3 (1.0–1.5)

H = 1.2

(n = 24)

(n = 6)

(n = 73)

(n = 53)

p > 0.05

13.7 (10.3–25.8)

20.0 (8.6–40.5)

12.2 (8.6–19.4)

10.2 (7.8–16.6)

H = 6.7

(n = 26)

(n = 7)

(n = 88)

(n = 60)

p > 0.05

22.3 (17.6–30.3)

16.7 (11.5–72.0)

22.8 (14.5–36.3)

25.3 (17.2–39.9)

H = 1.1

(n = 25)

(n = 7)

(n = 88)

(n = 59)

p > 0.05

5.5 (3.32–10.8)

10.3 (2.7–29.3)

6.4 (3.5–10.3)

4.9 (3.3–9.3)

H = 1.5

(n = 22)

(n = 5)

(n = 68)

(n = 48)

p > 0.05

12.8 (8.9–16.4)

13.5 (6.2–96.8)

9.6 (7.7–16.1)

8.9 (6.9–14.8)

H = 2.3

(n = 24)

(n = 6)

(n = 73)

(n = 53)

p > 0.05

1.6 (1.3–2.6)

1.3 (1.0–2.7)

1.6 (1.2–2.0)

1.7 (1.4–2.3)

H = 3.9

(n = 26)

(n = 5)

(n = 86)

(n = 58)

p > 0.05

0.4 (0.2–0.8)

0.4 (0.2–0.6)

0.3 (0.2–0.4)

0.4 (0.3–0.5)
(n = 25)

a

(n = 5)

(n = 86)

(n = 57)

a

p = 0.002

H = 9.4
p = 0.025

Notes: Kruskal‐Wallis with post‐hoc Mann Whitney U tests were performed to compare levels of monoamines, corresponding metabolites and ratios
between different groups (D+CI+, D+CI−, D−CI+ and D−CI−). Statistical results are enlisted in the rightmost column. Significant results following post‐
hoc analysis with Bonferroni correction (p ≤ 0.00833 for six pairwise comparisons) are classified as p ≤ 0.00833, p ≤ 0.001 and p ≤ 0.0001 and are
indicated by one, two or three superscript letters, respectively. The letters a and b denote significant differences between aD+CI+ and D−CI− or bD−CI+
and D−CI−.
Abbreviations: 5‐HIAA, 5‐hydroxyindoleacetic acid; 5‐HT, 5‐hydroxytryptamine(serotonin); CI, cognitive impairment; DA,dopamine; D+CI−, delirium but
no cognitive impairment; D+CI+, delirium and cognitive impairment; D−CI−, no delirium or cognitive impairment; D−CI+,no delirium but cognitive
impairment; DOPAC, 3, 4‐dihydroxyphenylacetic acid; E,epinephrine; HVA, homovanillicacid; MHPG, 3‐methoxy‐4‐hydroxyphenylglycol.

and MHPG/NE turnover data are not further discussed. The levels

(3) = 14.6, p = 0.002 for 5‐HIAA; H(3) = 9.4, p = 0.025 for 5‐HIAA/

of the norepinephrinergic metabolite MHPG and the serotonergic

5‐HT). The 5‐HIAA/5‐HT ratio reflects the serotonergic turnover

metabolite 5‐HIAA, as well as 5‐HIAA/5‐HT ratios were significantly

and is a good measurement for the activity of the serotonergic

altered in plasma across groups (H(3) = 8.3, p = 0.040 for MHPG; H

system. Plasma MHPG, 5‐HIAA and 5‐HIAA/5‐HT ratios were all
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significantly higher in the D+CI+ (U = 51.0, p < 0.0001) and D−CI+
group (U = 256.0, p = 0.003) compared to control individuals (D−CI−)
(Figure 3). Next, we checked our data for associations of psychotropic
medication with both sex and delirium/cognitive impairment scores.
Here, we found that antidepressants and sex were associated in the
D−CI+ group (p = 0.028, Fisher exact test), but after Bonferroni
correction (p < 0.0125 for four pairwise comparisons), this did not
remain statistically significant. We could not detect associations between the general use of psychotropic mediation and the presence of
delirium (p = 0.846, Fisher exact test) and cognitive impairment
(p = 0.070, Fisher exact test), but we did for the use of antipsychotics
(p = 0.008, Fisher's exact test) and antidepressants (p = 0.003,
Fisher's exact test) in cognitive impairment. The type of anesthesia
(general vs. spinal) had an effect on 5‐HIAA levels in the D+CI+ group
(p = 0.016), but not in the other groups.

F I G U R E 2 Boxplots visualizing plasma 5‐HIAA levels across all
four groups. Data which remained statistically significant following
post‐hoc Bonferroni correction are denoted by asterisks (* for
p ≤ 0.00833, ** for p ≤ 0.001, respectively). Abbreviations: 5‐HIAA,
5‐hydroxyindoleacetic acid; CI, cognitive impairment; D+CI+,
delirium and cognitive impairment; D−CI+, no delirium but cognitive
impairment; D+CI−, delirium but no cognitive impairment; D−CI−,
no delirium or cognitive impairment

4 | DISCUSSION
Monoaminergic alterations represent a significant part of the underlying pathophysiology of delirium. Therefore, our aim was to
investigate plasma monoamine levels in control individuals and in
patients experiencing either delirium (D+CI−), cognitive impairment
(D−CI+) or both (D+CI+) following hip surgery under general anes-

+

−

thesia. We applied RP‐UHPLC‐ECD analysis to ensure optimal

group (p = 0.030 for MHPG, p < 0.001 for 5‐HIAA, p = 0.013 for

detection of these monoaminergic compounds within a feasible time

5‐HIAA/5‐HT), with only 5‐HIAA remaining significant after

frame. Clinical diagnosis of delirium and preexistent global cognitive

adjusted post‐hoc Bonferroni correction (p = 0.003). Plasma MHPG,

impairment was performed by well‐trained staff using several mea-

5‐HIAA levels and 5‐HIAA/5‐HT ratios were also significantly higher

surement tools to minimize misdiagnosis.21 Furthermore, we ensured

significantly higher in the D CI

−

+

+

−

−

group as opposed to the D CI

−

in the D CI compared to the D CI group (p = 0.017 for MHPG,

that surgical anesthesia did not affect clinical diagnoses and mono-

p = 0.006 for 5‐HIAA, p = 0.010 for 5‐HIAA/5‐HT), however, post‐

amine levels by only including samples collected at least two days

hoc correction only revealed significant increases for 5‐HIAA

post‐surgery. We expected to see a general increase in norepineph-

(p = 0.038). All post‐hoc comparisons are shown in Table 2, sero-

rinergic and dopaminergic concentrations and an increase or

tonergic results are depicted in Figure 2.

decrease in 5‐HT metabolism consistent with existing literature.8,16,29 Additionally, we hypothesized to see a monoaminergic link
between cognitive impairment and delirium. The results indicate a

3.3 | Effect of psychotropic medication and
anesthesia on monoamine levels

general serotonergic disturbance in postoperative patients suffering
from cognitive impairment, and a potentially similar phenomenon in
patients suffering from postoperative delirium.
Plasma 5‐HIAA levels were significantly higher in D+CI+ and

The potential influence of psychotropic medication use on mono−

amine and metabolite levels was investigated and test results are

D CI+ groups compared to control counterparts. The difference

summarized in Table 3. The overall use of psychotropic medication

between these phenotypes was even more prominent in patients free

was associated with a significant decrease in plasma HVA levels

of psychotropic medication. In the first place, this suggests a

(U = 3186.0, p = 0.046), but it did not affect any of the other

connection between 5‐HIAA and cognitive deficits, which supports

monoamines or metabolites (p > 0.05). With regard to antidepres-

earlier research linking serotonergic disturbances to cognitive

sants, no significant effects could be detected (p > 0.05). The use of

impairment.30 There were no significant differences between sero-

antipsychotics did not affect plasma monoaminergic levels either,

tonergic levels of the D+CI− and the other groups. However, our

with the exception of DA (p = 0.020) and the DOPAC/DA ratio

findings might point to an additional effect of delirium superimposed

(p = 0.046), which were, respectively, increased and decreased in

on preexisting cognitive impairment, since 5‐HIAA levels in this

patients taking antipsychotics. We also investigated monoamine

group were also higher compared to control individuals, with

levels in patients free from psychotropic medication and found that

increasing levels in the D+CI+ group. This would be consistent with

there were significant differences between the four groups for

Van der Cammen et al., who found elevated plasma 5‐HIAA levels in

plasma 5‐HIAA levels (H(3) = 18.3, p = 0.0004). 5‐HIAA levels were

hospitalized delirious Alzheimer's disease (AD) patients but not in

U = 2240.0
p > 0.05

p > 0.05

p > 0.05

p > 0.05

U = 3461.0

U = 2327.0

p > 0.05

p > 0.05

U = 3574.0

U = 1484.0

p > 0.05

p > 0.05

U = 2579.0

U = 1353.0

p > 0.05

p > 0.05

U = 2356.0

U = 2209.0

p > 0.05

p < 0.05

U = 3468.0

U = 2176.0

p > 0.05

p > 0.05

U = 3186.0

U = 1600.0

p > 0.05

p > 0.05

U = 2736.0

U = 2267.0

p > 0.05

p > 0.05

U = 3166.0

U = 1862.0

U = 3112.0

p > 0.05

p > 0.05

p > 0.05

U = 606.000

p > 0.05

U = 695.000

p > 0.05

U = 653.0

p < 0.05

U = 259.0

p > 0.05

U = 603.0

p > 0.05

U = 689.0

p < 0.05

U = 355.0

p > 0.05

U = 642.0

p > 0.05

U = 546.0

p > 0.05

U = 536.0

p > 0.05

U = 678.0

Anti‐psychotic
use (yes vs. no)

(n = 13)

0.4 (0.3–0.5)

(n = 13)

1.6 (1.0–2.7)

(n = 13)

13.2 (8.2–19.4)

(n = 11)

7.4 (3.4–13.2)

(n = 13)

24.3 (16.9–30.3)

(n = 13)

12.5 (8.9–26.0)

(n = 13)

1.3 (0.8–1.7)

(n = 13)

a

8.2 (7.9–10.1)

(n = 11)

6.7 (4.3–11.8)

(n = 11)

6.1 (4.6–13.7)

(n = 13)

48.0 (30.9–67.5)

D+CI+ (n = 13)

0.3 (n = 1)

1.7 (n = 1)

7.0 (n = 1)

3.4 (n = 1)

16.7 (n = 1)

8.6 (n = 1)

1.2 (n = 1)

5.2 (n = 1)

4.2 (n = 1)

11.9 (n = 1)

33.6 (n = 1)

D+CI− (n = 1)

(n = 29)

0.3 (0.2–0.7)

(n = 29)

1.5 (1.2–2.2)

(n = 26)

9.4 (6.9–17.7)

(n = 24)

5.4 (2.4–12.5)

(n = 29)

24.8 (13.5–40.5)

(n = 29)

12.8 (8.1–19.8)

(n = 26)

1.3 (1.1–1.8)

(n = 29)

b

7.5 (6.3–10.2)

(n = 27)

6.8 (3.5–12.7)

(n = 22)

8.5 (3.6–25.7)

(n = 29)

49.0 (37.0–71.2)

D−CI+ (n = 29)

(n = 31)

0.3 (0.2–0.4)

(n = 32)

1.7 (1.4–2.2)

(n = 28)

8.3 (6.0–14.6)

(n = 27)

4.7 (3.3–10.1)

(n = 31)

21.7 (15.0–29.5)

(n = 32)

10.0 (7.7–13.1)

(n = 28)

1.3 (0.9–1.5)

(n = 32)

a,b

5.6 (4.6–7.0)

(n = 31)

6.2 (4.3–9.0)

(n = 26)

8.5 (5.1–18.7)

(n = 32)

32.3 (26.2–54.7)

D−CI−(n = 32)

p > 0.05

H = 2.5

p > 0.05

H = 0.9

p > 0.05

H = 2.4

p > 0.05

H = 1.6

p > 0.05

H = 0.9

p > 0.05

H = 4.6

p > 0.05

H = 0.9

p < 0.001

H = 18.3

p > 0.05

H = 1.0

p > 0.05

H = 0.3

p > 0.05

H = 6.4

Kruskal‐Wallis
(psychotropic
medication free)

Abbreviations: 5‐HIAA, 5‐hydroxyindoleacetic acid; 5‐HT, 5‐hydroxytryptamine (serotonin); CI, cognitive impairment; DA, dopamine;D+CI−, delirium but no cognitive impairment; D+CI+, delirium and
cognitive impairment; D−CI−, no delirium or cognitive impairment; D−CI+, no delirium but cognitive impairment; DOPAC, 3,4‐dihydroxyphenylacetic acid; E, epinephrine; HVA, homovanillicacid;
MHPG,3‐methoxy‐4‐hydroxyphenylglycol.

-

Notes: Mann Whitney U tests were performed to compare levels of monoamines, corresponding metabolites and ratios between patients taking/not taking psychotropic medication, antidepressants and
antipsychotics (left three columns). Kruskal‐Wallis with post‐hoc Mann Whitney U tests were performed to compare levels of monoamines, corresponding metabolites and ratios between different groups
(D+CI+, D+CI−, D−CI+ and D−CI−), including only patients free of psychotropic medication. Statistical results are enlisted in the rightmost column. Significant results following post‐hoc analysis with Bonferroni
correction (p ≤ 0.00833 for six pairwise comparisons) are classified as p ≤ 0.00833, p ≤ 0.001 and p ≤ 0.0001 and are indicated by one, two or three superscript letters, respectively. The letters a,b denote
significant differences between D+CI+ and D−CI− (psychotropic medication free)a and D−CI+ and D−CI− (psychotropic medication free)b.

5‐HIAA/5‐HT

HVA/5‐HIAA

HVA/DA

DOPAC/DA

5‐HT (ng/ml)

HVA (ng/ml)

DA (ng/ml)

5‐HIAA (ng/ml)

DOPAC (ng/ml)

U = 1315.0

U = 2347.0

p > 0.05

p > 0.05

MHPG (ng/ml)

E (ng/ml)

U = 2376.0

U = 3685.0

Parameter

Anti‐depressant
use (yes vs. no)

Plasma monoamine and metabolite levels and ratios are represented as median with interquartile ranges between brackets

Psychotropic
medication use
(yes vs. no)

TABLE 3
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other groups. A possible explanation for the sex‐related dissimilarity
in 5‐HIAA levels may lie in the difference of sex and stress hormone
regulation between males and females, as sex hormones have been
reported to differentially affect neurotransmission.44
The levels of the norepinephrinergic metabolite MHPG were
found to be higher in already cognitively impaired patients compared
to the control group and seemed unaffected by psychotropic medication. This supports the findings of Lawlor et al., who found correlations between plasma MHPG levels and the severity of cognitive
impairment in AD patients free from psychotropic medication.45 In
F I G U R E 3 Boxplots visualizing plasma 5‐HIAA levels across
psychotropic medication‐free patients in D+CI+, D−CI+ and D−CI−
groups. Data which remained statistically significant following post‐
hoc Bonferroni correction are denoted by asterisks (* for
p ≤ 0.00833, ** for p ≤ 0.0001, respectively). D+CI− group was not
included as it consisted of only one patient free from psychotropic
medication. Abbreviations: 5‐HIAA, 5‐hydroxyindoleacetic acid; CI,
cognitive impairment; D+CI+, delirium and cognitive impairment;
D−CI+, no delirium but cognitive impairment; D+CI−, delirium but
no cognitive impairment; D−CI−, no delirium or cognitive
impairment

our study, no significant difference in plasma MHPG levels was
detected between D+CI+ and D−CI+, although median plasma MHPG
seemed higher in D+CI+ compared to D−CI+ and D−CI− patients. As
mentioned before, there is an intimate connection between delirium
and cognitive impairment. This reciprocal relationship could signify
that an additional effect of delirium is underlying the higher MHPG
levels observed in the D+CI+ compared to the D−CI+ and D−CI−
groups. This is in agreement with several other studies. For example,
Nakamura and colleagues found correlations between plasma MHPG
concentrations and delirium. Plasma MHPG decreased as delirium
improved in patients after mianserin (quadricyclic antidepressant and

to

sedative) or haloperidol administration.46 Other studies mentioned

community‐based controls. This suggests the change in 5‐HIAA

temporarily increased MHPG levels in patients with alcoholic

concentrations may be attributed to the presence of delirium

delirium,35,47–49 which decreased again in one study when the anti-

community‐based

rather than AD.

31

non‐delirious

AD

patients,

compared

On the other hand, the inclusion of both hospi-

psychotic clozapine was administered.48

talized and community‐based patients may have influenced their

Importantly, a number of pitfalls need to be considered in this

findings, as delirium more likely occurs in postsurgical, hospitalized

study. Our results should not be readily generalized to all individuals

settings.1,32 Two other delirium studies observed increased 5‐HIAA

experiencing delirium, as this study was conducted in a specific group

levels in CSF, one in humans and the other in experimental rats.

of hospitalized elderly patients within a postoperative setting. It is

Firstly, Banki and Vojnik reported increased CSF 5‐HIAA and blood

also important to notice that the duration of a delirium episode can be

5‐HT levels in 11 women experiencing delirium tremens (currently

short, enabling some patients to be assigned to different groups. In

referred to as a feature of alcohol withdrawal delirium) and nine

addition, the D+CI− group only comprised seven subjects. This

33

schizophrenic females with clozapine‐induced acute delirium.

reduced our statistical power and could explain why we did not detect

However, their study population only comprised female patients and

significant differences between D+CI− and the other groups, or a

delirium diagnosis criteria have been refined multiple times since,

monoaminergic link between cognitive impairment and delirium.

which may have affected their conclusions. Delirium is often under-

Moreover, the intention of de Jonghe et al. was to examine the effect

recognized and there is discordance in diagnosing delirium, especially

of melatonin on delirium.21 Hence, patients taking psychotropic

34

using different, earlier versions of the DSM manual.

Secondly, Qui

medication were not excluded, although statistical analysis revealed

et al. reported increased CSF 5‐HIAA levels in delirious rats.35 In

this did not affect our neurochemical observations. In contrast, the

contrast, several other studies found CSF 5‐HIAA levels to remain

type of anesthesia did affect monoamine levels, in particular 5‐HIAA

unaltered or decreased rather than increased.36–38 However, all

levels, in the D+CI+ group, although we attempted to minimize

these studies focused on CSF instead of plasma analysis. It is not

anesthesia effects by only including samples collected at least two

entirely clear if 5‐HIAA can freely diffuse over the blood brain bar-

days post‐surgery. We must also consider the possibility that these

rier or blood‐CSF barrier and if it reflects central rather than pe-

neurochemical findings are not related to cognitive impairment, but to

18,39–43

Therefore, changes in CSF 5‐HIAA may not

hip fracture. We did not find a direct link between hip surgery or

be accurately reflected in plasma. In addition, serotonergic activity

ripheral activity.

fracture and 5‐HIAA in the literature. However, there are strong in-

seems to depend on the delirium subtype, with decreased and

dications that increased urinary 5‐HIAA levels are associated to

elevated 5‐HT levels being observed in the hyperactive and hypo-

decreased (hip) bone mineral density,50 whereas improvements in

active form of delirium, respectively.

19

Importantly, we also found a
−

−

bone mineral density were linked to reduced risk for hip fractures.51

significant effect of age and sex on 5‐HIAA levels in the D CI group.

However, hip surgery is a common factor across all patients (as

For age, this is not unexpected since ageing can be associated to

opposed to cognitive impairment), irrespective of delirium, and should

changes in monoaminergic neurotransmitter systems and mean age

therefore not bias our outcome. Since our study population consisted

−

was significantly lower in the D CI

−

group compared to the

of postoperative patients, we must also consider the possibility that

10

-
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other pathological events such as perioperative covert stroke may

whether the findings presented here are valid and can be reproduced

have influenced the development of delirium, as well as neurochem-

in other patient populations. We strongly encourage future studies to

ical levels. Interestingly, it seems to be linked to an increased delirium

further investigate the biomarker potential of plasma monoamines

incidence.52 For this reason, we cannot exclude that this may have

and metabolites as a means to improve pathophysiological insights

affected our results. Pre‐analytical confounding factors must also be

and diagnostic accuracy of delirium, as it is an easily applicable, non‐

taken into account. For example, the long sample storage time and

invasive approach.

previous thaw‐freeze cycle may have led to differential monoamine
degradation due to compound‐specific differences in degradation

A CK NO W L E D GM E N T S

speed. Other potentially confounding factors that were not investi-

This work was supported by the Research Foundation Flanders

gated include stress, diet, sleep factors and the etiology of cognitive

(FWO), the Medical Research Foundation Antwerp, the Thomas

impairment. Patients in postoperative environments, with or without

Riellaerts research fund, Neurosearch Antwerp, and the Alzheimer

the presence of delirium, might experience considerable stress, which

Center of the University Medical Center Groningen.

in turn could lead to increased peripheral (N)E and MHPG release.
L‐tryptophan, the precursor to 5‐HT, is an essential amino acid
derived from dietary uptake.

53

The influence of dietary intake on
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monoaminergic levels was not investigated. Yet, this effect should be
minimal, since all patients received the same diet in the hospital.
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are an important risk factor for delirium, whereas sleep regulation is
also directly linked to the serotonergic system via multiple pathways.54–56 Disparities in 5‐HIAA levels among cognitively impaired
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