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1.General 
Introduction

Epidemiology
In the Netherlands 17.7% of the total population is older than 65 years and an 

increase of the aging population is expected in the next few years.1 A variety 

of psychiatric behavioural symptoms commonly occur in people of advanced 

age.2 Delirium and dementia are the most common primary causes of psychotic 

symptoms in older patients. The prevalence of behavioural symptoms in patients 

with dementia rises above 80% in nursing homes.2 Both delirium as behavioural 

problems in dementia can be reasons for physicians to prescribe antipsychotic 

drugs. In the Netherlands there are more than 300.000 antipsychotic users, of 

which more than 88.000 older than 65 years.3 This all shows that antipsychotic 

drugs are widely used since their introduction in the 1950’s to relieve psychotic 

symptoms.

Ever since the introduction of antipsychotics their use has been criticised, 

especially in patients with dementia. The first double-blind withdrawal study was 

carried out in 1966 by Barton, who found no deterioration after withdrawal in 

85% of patients with dementia, leading to his conclusion that “our trial suggests 

that about 80 percent of elderly demented patients are receiving tranquillizers 

unnecessarily”.4 Literature reviews about the use of antipsychotics in dementia 

suggest that they are “modestly effective” in treating agitation and that no single 

neuroleptic is non-inferior.5 The first meta-analysis that compared thioridazine or 

haloperidol with a placebo in agitated dementia patients showed that only 18 

out of 100 dementia patients benefited from antpsychotic treatment.5 In Dutch 

nursing homes antipsychotics are prescribed four times more often than to older 

people living independently.6 It should be noted that the use of antipsychotic 

medication for patients with dementia decreased 8% in nursing homes between 

2003 and 2011.7 This decrease is probably due to initiatives to treat behavioural 

symptoms non pharmacological.7 Despite this small decrease in prescription 

rates, there are still more than 300.000 users in the Netherlands.7 

In Dutch nursing homes, physicians, nurses, and family caregivers generally 
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consider the possible benefits of antipsychotics to outweigh the risk of side 

effects.8 The main reasons to start therapy are still agitation and aggression. 

The interviewed nursing home physicians and nurses expect almost half of their 

patients with dementia and behavioural disturbances to benefit from antipsy-

chotic therapy. Serious side effects were expected to occur only sporadically.8 

To summarize, although the prescribing physicians consider these drugs as rath-

er safe and effective, this can be questioned as shown above. 

Pharmacokinetics of antipsychotics
A better understanding of causes of antipsychotic side effects can be consid-

ered from a pharmacokinetic and pharmacodynamic perspective. Most side 

effects seem to be a group effect and not limited to a single drug.

To start with the pharmacokinetics, haloperidol is worldwide the most prescribed 

antipsychotic and will be used as example of the group antipsychotics. Side 

effects of haloperidol are sedation, falls and extrapyramidal effects, which 

includes parkinsonism. It is unknown why some elderly develop antipsychotic 

induced parkinsonism (AIP) at a low dosage haloperidol and others do not. 

There are different hypothesis that could explain the age related sensitivity to 

antipsychotics: 1) an increased serum concentration for a given dose (periph-

eral pharmacokinetic hypothesis), 2) increased brain access and distribution 

for a given serum concentration (central pharmacokinetic hypothesis) or 3) 

decreased endogenous dopamine in elderly, a decreased number of dopa-

mine-2 receptors in the brain or a different receptor occupancy (central phar-

macodynamics).9 To start with the first, a study in 150 elderly patients did not 

support the hypothesis of the peripheral pharmacokinetic explanation. In this 

study, 46% of the patients treated with haloperidol, in dose varying from 0.3-5.0 

mg/day, developed AIP.10 The study found a significant but moderate rela-

tionship between dose and serum concentration. The moderate association 

between dose and concentration may result from cytochroom P450 (CYP)-2D6 

polymorphism, since this is the major enzyme that contributes to the biotrans-

formation of haloperidol.11 The second hypothesis is the central pharmacoki-

netic hypothesis. Within the central pharmacokinetic hypothesis, transport across 

the blood-brain barrier (BBB) is an important factor. The blood-brain barrier, 

a single layer of capillary endothelial cells joined together at tight junctions, 

regulates access of xenobiotics (including antipsychotics) to the central nervous 

system.12 Loosening of these junctions would theoretically increase access of 

antipsychotics into the brain. The relationship between serum and cerebro-

spinal fluid (CSF) concentration of haloperidol has not earlier been assessed 
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1.in an elderly population and still many questions remain. Regarding the third 

hypothesis, there is a decrease in endogenous dopamine level and the abso-

lute number of dopamine neurons and the density of dopamine D2 receptors 

have been shown to decrease with age.9

In summary, the pharmacokinetic of haloperidol is still largely unknown and this 

is probably one of the causes why it cannot be predicted why some patients 

develop side effects and some do not.

Pharmacodynamics of antipsychotics
Several side effects of antipsychotics occur more often in elderly patients and 

are more harmful and sometimes even lethal in elderly patients. Antipsychotics 

are prescribed and studied for decades; however, the last two decades evi-

dence from post marketing research in large populations becomes available 

and shows more uncommon and rare side effects. This raises questions on their 

safety. This is why, in 2005 Health authorities, the Food and Drug Administration, 

have warned against use of atypical antipsychotics in elderly patients with de-

mentia, because of an increased risk of mortality.13 Of a total of seventeen pla-

cebo controlled trials with atypical antipsychotics in elderly demented patients 

with behavioural disorders, fifteen showed numerical increases in mortality in 

the drug-treated group compared to the placebo-treated patients.13 These stud-

ies enrolled a total of 5,106 patients, and several analyses have demonstrated 

an approximately 1.6-1.7 fold increase in mortality in these studies. Examination 

of the specific causes of these deaths revealed that most were either due to 

heart related events (e.g., heart failure, sudden death) or infections (mostly 

pneumonia).13 In contrast, a recent meta-analysis of randomised controlled trials 

did not show that conventional antipsychotics in general and haloperidol in 

particular increase the risk of mortality in elderly patients. This questions earlier 

observational findings and the warning based on these findings.14

Although increased mortality is still discussed, there are probably a lot of 

rare side effects that are not discovered yet. Antipsychotics do have a lot 

of well known side effects, of which the underlying mechanism is frequently 

known. Even so there are side effects with unknown mechanism. In addition 

to unknown pharmacokinetic as described above, still much more is unknown 

regarding the patients pharmacodynamic profile and side effects. Effects and 

side effects ofantipsychotics are related to dopaminergic (D-2), noradrenergic 

(α-1), histaminergic (H1) and cholinergic (muscarine) receptor blockade.15 The 

antipsychotic effect and extrapyramidal side effects are caused by blockade 

of the dopamine-2-receptors. Blockade of the noradrenergic receptors (α-1) can 
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cause orthostatic hypotension and to a lesser extent hypotension and hypno-

sedation. Strong hypnosedation is due to histaminergic blockade. Anticholin-

ergic side effects are e.g. dry mouth, constipation, urinary retention, sedation 

en confusion. Haloperidol is the strongest dopamine-2-blocker with little α-1, H1, 

muscarine or 5HT2 receptor antagonism.15 To give an example, a well-known 

and well understood side effect is parkinsonism, which is a direct result of the 

pharmacodynamics namely blockade of the dopaminergic receptor. Nearly half 

of a group of elderly patients using haloperidol experienced parkinsonism.10 

These side effects result in an impaired quality of life.16 

An example of a less understood adverse drug effect is the increased risk of 

infection. The use of antipsychotics is associated with infections like pneumonia.17 

Risk of bacterial infections were higher in nursing home residents newly initiated 

on conventional antipsychotics than in those initiating atypical antipsychotic 

medication and there seems to be a dose response relationship.18 Although 

an increased risk of bacterial infection like pneumonia is shown, it is still very 

unclear why this happens, and whether this is also the case for e.g. urinary 

tract infections, another very common infection in the older population. There 

are no reasons to believe that a urinary tract infection differs from other infec-

tions in the pathophysiological mechanism, although still unrelieved. Next to 

that, other urinary tract problems such as incontinence and urine retention are 

reported with both typical and atypical antipsychotics. It has been hypothe-

sized as being a form of extrapyramidal side effects, or due to anticholinergic 

side effects. As underlying mechanism, peripheral α1-adrenergic blockade may 

act synergistically to cause incontinence or retention.19 

It was only until the last two decades that important side effects on the cardio-

vascular system were still unknown e.g. cerebrovascular accidents, venous 

trombo-embolism, myocardial infarction and cardiovascular mortality. In older 

patients a decreased risk of hospitalization was found for acute coronary 

syndrome.20 In older users of antipsychotics, there seems to be an increased 

risk in cerebrovascular accidents.21-24 Underlying mechanisms are still unknown. 

Potential mechanisms earlier proposed to explain the association between anti-

psychotics and cerebrovascular events include thromboembolic effects, altered 

platelet function, cardiovascular effects (eg. orthostatic hypotension, arrhyth-

mias) and the atherosclerotic effects of deregulation of glucose and lipid 

metabolism.22 Evidence of an association between the use of antipsychotics 

and the risk of venous thromboembolism (VTE) is contradictory.25-28 Virchow’s 

triad was first described in 1856 and composed of the following factors which 
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1.contributed to formation of venous thrombosis: an endothelial lesion, venous 

stasis and a hypercoagulable state.29 To date it is unknown what the underlying 

mechanism is for increased (cerebro)vascular events in older users of antipsy-

chotics and if the underlying mechanism is related to one of the factors Virchow 

found. In addition, there currently is no literature about the effect of haloperidol 

on thrombogenesis in older people. 

To summarize, side effects can be a logical result of the pharmacodynamics 

of antipsychotic drugs or with an unknown pathophysiological mechanism. 

Although antipsychotic drugs are already prescribed for half a century, still new 

side effects are discovered. 

Taken all above together, variation in effects and side effects between patients 

can be explained by pharmacokinetic and pharmacodynamic components. 

Better understanding of causes and consequences of side effects in antipsy-

chotic users is needed to develop effective and safe treatment strategies tai-

lored to the individual older patient.

How to recognize and measure side effects in antipsychotic 
users
It is important that physicians and patients are aware of possible side effects. 

Rating scales can be used for measurement and recognition of side effects. To 

date, there has been no clear review of rating scales, and their psychometric 

characteristics, used to assess the side effects of antipsychotics. Several rating 

scales have been developed to evaluate the side effects of antipsychotics. How-

ever, these scales mostly evaluate a single side effect, for example parkinsonism 

or sexual functioning, and are often used for drugs other than antipsychotics 

alone, such as the rating scales for drug-induced parkinsonism.30 There have 

been few studies of scales evaluating multiple side effects, although the use 

of one scale instead of several separate scales can have advantages (e.g., 

less time consuming) and might provide a better insight into the overall side 

effect profile. While psychometric characteristics are of major importance in a 

research setting and usability is of secondary importance, ease of use is im-

portant in a clinical setting. 
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1.Aim and outline
of the thesis

The objectives of this thesis are:

1.  to extend our knowledge of the pharmacokinetics and pharmacodynamics 

of haloperidol, the most prescribed antipsychotic worldwide,

2.  to investigate side effects of antipsychotics in clinical practice in older  

patients, where there is a gap in scientific evidence for this group,

3. to qualify available rating scales for side effects in antipsychotic users.

Aim 1. Pharmacokinetics and pharmacodynamics
In elderly there is a large, not well understood, inter-individual variation in effect 

and side effects (in particular antipsychotic induced parkinsonism) of haloperidol. 

We investigated two possible explanations. First, differences in drug metabolism 

resulting from polymorphism of cytochroom P450 CYP2D6. Second, if variability in 

transport over the blood-brain barrier is the explanatory factor for inter-individual 

variation in response of haloperidol in elderly patients (chapter 2.1). To reveal the 

underlying mechanism of (cerebro)vascular events in non-psychotic older patients, 

we investigated the effects of haloperidol on thrombogenesis factors (chapter 2.2).

Aim 2. Side effects in older patients
In chapter 3 we focus on side effects of antipsychotic medication in frail older 

patients in clinical practice. Falls constitute a leading cause of injuries, hospital-

isation and deaths among older patients. The association between the use of 

psychotropic medication and falls was studied in chapter 3.1. An increased risk of 

pneumonia was associated with the start of antipsychotic therapy. The question 

arose if there was an association between antipsychotic drug use and urinary 

tract infection, a major cause of morbidity and mortality in older people (chapter 

3.2 and chapter 3.3). 
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Aim 3. Recognition and measurement of side effects
In the last part the focus is on the recognition and measurement of side effects 

in antipsychotic users. As shown earlier, antipsychotics have many different side 

effects, which can result in an impaired quality of life and early treatment dis-

continuation. In chapter 4 we show the results of a systematic review on the 

clinical use and psychometric characteristics of rating scales used to assess 

multiple side effects in patients treated with antipsychotics. 

Finally, the results of the studies are summarized and put into a broader 

perspective.



19

1.References

1.  www.cbs.nl. Available at: www.cbs.nl. 

Accessed January, 2017. 

2.  Zuidema SU, Derksen E, Verhey FR, et al. 

Prevalence of neuropsychiatric symptoms 

in a large sample of Dutch nursing home 

patients with dementia. Int J Geriatr 

Psychiatry 2007;22:632-8. 

3. GIPdatabank Nederland. Available at: 

https://www.gipdatabank.nl/databank.

asp?tabel=01-basis&geg=gebr&item=N05. 

Accessed January, 2017. 

4.  Barton R, Hurst L. Unnecessary use of 

tranquilizers in elderly patients. Br J 

Psychiatry 1966;112:989-90. 

5.  Schneider LS, Pollock VE, Lyness SA. 

A metaanalysis of controlled trials of 

neuroleptic treatment in dementia. J Am 

Geriatr Soc 1990;38:553-63. 

6. Stichting Farmaceutische Kengetallen 

Nederland. Available at: https://www.

sfk.nl/nieuws-publicaties/PW/2015/anti-

psychotica-vier-keer-vaker-in-verpleeg-

huizen. Accessed January, 2017. 

7.  Zuidema SU, Koopmans RTCM, Schols 

JMGA, et al. Trends in psychofarmaca 

gebruik bij patienten met dementie. 

Tijdschrift voor Ouderengeneeskunde 

2015;april. 

8.  Cornege-Blokland E, Kleijer BC, Hertogh 

CM, et al. Reasons to prescribe anti-

psychotics for the behavioral symptoms 

of dementia: a survey in Dutch nursing 

homes among physicians, nurses, and 

family caregivers. J Am Med Dir Assoc 

2012;13:80.e1,80.e6. 

9.  Uchida H, Mamo DC, Mulsant BH, et 

al. Increased antipsychotic sensitivity in 

elderly patients: evidence and mecha-

nisms. J Clin Psychiatry 2009;70:397-405. 

10.  Knol W, van Marum RJ, Jansen PA, et 

al. Parkinsonism in elderly users of halo-

peridol: associated with dose, plasma 

concentration, and duration of use. J Clin 

Psychopharmacol 2012;32:688-93. 

11.  Brockmoller J, Kirchheiner J, Schmider J, 

et al. The impact of the CYP2D6 poly-

morphism on haloperidol pharmaco-

kinetics and on the outcome of halo-

peridol treatment. Clin Pharmacol Ther 

2002;72:438-52. 

12.  Bradbury MW. Hugh Davson--his contri 

bution to the physiology of the cerebro-

spinal fluid and blood-brain barrier. Cell 

Mol Neurobiol 2000;20:7-11. 

13.  FDA. Deaths with Antipsychotics in Elderly 

Patients with Behavioral Disturbances. 

Washington, DC, Department of Health 

and Human Services. 2005. Available 

at: http://www.fda.gov/drugs/drugsafety/

postmarketdrugsafetyinformationforpa-

tientsandproviders/ucm053171. Accessed 

January, 2017. 

14.  Hulshof TA, Zuidema SU, Ostelo RW, et 

al. The Mortality Risk of Conventional 

Antipsychotics in Elderly Patients: A 

Systematic Review and Meta-analysis of 

Randomized Placebo-Controlled Trials. J 

Am Med Dir Assoc 2015;16:817-24. 

15.  Moleman P. Praktische psychofarma-

cologie. Houten, the Netherlands: Bohn 

Stafleu Van Loghum 1998:210-296. 

16.  Schouten HJ, Knol W, Egberts TC, et al. 

Quality of life of elderly patients with 

antipsychotic-induced parkinsonism: 

a cross-sectional study. J Am Med Dir 

Assoc 2012;13:82.e1,82.e5. 

17.  Knol W, van Marum RJ, Jansen PA, et al. 

Antipsychotic drug use and risk of pneu-

monia in elderly people. J Am Geriatr 

Soc 2008;56:661-6. 

18.  Huybrechts KF, Schneeweiss S, Gerhard 

T, et al. Comparative safety of antipsy-

chotic medications in nursing home resi-

dents. J Am Geriatr Soc 2012;60:420-9. 



20

19.  Saddichha S, Kumar M. Antipsychotic-in-

duced urinary dysfunction: anticholin-

ergic effect or otherwise?. BMJ Case Rep 

2009;2009:10.1136/bcr.02.2009.1547. 

20.  Kleijer BC, Koek HL, van Marum RJ, et 

al. Risk of acute coronary syndrome 

in elderly users of antipsychotic drugs: 

a nested case-control study. Heart 

2012;98(15):1166-71. 

21.  Hsieh PH, Hsiao FY, Gau SS, et al. Use 

of antipsychotics and risk of cerebrovas-

cular events in schizophrenic patients: a 

nested case-control study. J Clin Psycho-

pharmacol 2013;33:299-305. 

22.  Kleijer BC, van Marum RJ, Egberts AC, 

et al. Risk of cerebrovascular events in 

elderly users of antipsychotics. J Psycho-

pharmacol 2009;23:909-14. 

23.  Mittal V, Kurup L, Williamson D, et al. Risk 

of cerebrovascular adverse events and 

death in elderly patients with dementia 

when treated with antipsychotic medica-

tions: a literature review of evidence. Am J 

Alzheimers Dis Other Demen 2011;26:10-28. 

24.  Percudani M, Barbui C, Fortino I, et 

al. Second-generation antipsychotics 

and risk of cerebrovascular accidents 

in the elderly. J Clin Psychopharmacol 

2005;25:468-70. 

25.  Parker C, Coupland C, Hippisley-Cox J. 

Antipsychotic drugs and risk of venous 

thromboembolism: nested case-control 

study. BMJ 2010;341:c4245. 

26.  Liperoti R, Pedone C, Lapane KL, et 

al. Venous thromboembolism among 

elderly patients treated with atypical 

and conventional antipsychotic agents. 

Arch Intern Med 2005;165:2677-82. 

27.  Kleijer BC, Heerdink ER, van Marum 

RJ. Antipsychotics and venous throm-

bosis. Dutch experience differs. BMJ 

2010;341:c5631. 

28.  Kleijer BC, Heerdink ER, Egberts TC, et 

al. Antipsychotic drug use and the risk 

of venous thromboembolism in elderly 

patients. J Clin Psychopharmacol 2010; 

30:526-30. 

29.  Dutta TK, Venugopal V. Venous throm-

boembolism: the intricacies. J Postgrad 

Med 2009;55:55-64. 

30. Knol W, Keijsers CJ, Jansen PA, et al. 

Systematic evaluation of rating scales for 

drug-induced parkinsonism and recom-

mendations for future research. J Clin 

Psychopharmacol 2010;30:57-63. 



21

1.19. Saddichha S, Kumar M. Antipsychotic-in-

duced urinary dysfunction: anticholin-

ergic effect or otherwise?. BMJ Case Rep 

2009;2009:10.1136/bcr.02.2009.1547. 

20. Kleijer BC, Koek HL, van Marum RJ, et 

al. Risk of acute coronary syndrome 

in elderly users of antipsychotic drugs: 

a nested case-control study. Heart 

2012;98(15):1166-71. 

21. Hsieh PH, Hsiao FY, Gau SS, et al. Use 

of antipsychotics and risk of cerebrovas-

cular events in schizophrenic patients: a 

nested case-control study. J Clin Psycho-

pharmacol 2013;33:299-305. 

22. Kleijer BC, van Marum RJ, Egberts AC, 

et al. Risk of cerebrovascular events in 

elderly users of antipsychotics. J Psycho-

pharmacol 2009;23:909-14. 

23. Mittal V, Kurup L, Williamson D, et al. Risk 

of cerebrovascular adverse events and 

death in elderly patients with dementia 

when treated with antipsychotic medica-

tions: a literature review of evidence. Am 

J Alzheimers Dis Other Demen 2011;26:10-

28. 

24. Percudani M, Barbui C, Fortino I, et 

al. Second-generation antipsychotics 

and risk of cerebrovascular accidents 

in the elderly. J Clin Psychopharmacol 

2005;25:468-70. 

25. Parker C, Coupland C, Hippisley-Cox J. 

Antipsychotic drugs and risk of venous 

thromboembolism: nested case-control 

study. BMJ 2010;341:c4245. 

26. Liperoti R, Pedone C, Lapane KL, et 

al. Venous thromboembolism among 

elderly patients treated with atypical 

and conventional antipsychotic agents. 

Arch Intern Med 2005;165:2677-82. 

27. Kleijer BC, Heerdink ER, van Marum 

RJ. Antipsychotics and venous throm-

bosis. Dutch experience differs. BMJ 

2010;341:c5631. 

28. Kleijer BC, Heerdink ER, Egberts TC, et 

al. Antipsychotic drug use and the risk 

of venous thromboembolism in elderly 

patients. J Clin Psychopharmacol 

2010;30:526-30. 

29. Dutta TK, Venugopal V. Venous thrombo-

embolism: the intricacies. J Postgrad Med 

2009;55:55-64. 

30. Knol W, Keijsers CJ, Jansen PA, et al. 

Systematic evaluation of rating scales for 

drug-induced parkinsonism and recom-

mendations for future research. J Clin 

Psychopharmacol 2010;30:57-63. 

Pharmacokinetics and 
pharmacodynamics
of haloperidol

2.



22

2.2
A.M. van Strien, Edmée J.M. Schrijver, Carolina (Karen) J.P.W. Keijsers,  Nath-

alie C. Péquériaux, Prabath W.B. Nanayakkara, Hieronymus (Jeroen) J. Derijks, 

Rob J. van Marum

Accepted as letter to the Editors, 

Journal of Psychopharmacology 2017 

2.1
Astrid M. van Strien, Annemieke Vermeulen Windsant – van den Tweel, 

Petra M. Leliveld – van den Heuvel, Manuela di Biase, Adriaan J. van den 

Brule, Rob J. van Marum

Published as Letter to the Editors 

J Clin Psychopharmacol. 2014 Aug;34(4):516-7 



23

2.1

Correlation of haloperidol levels

in blood and cerebrospinal fluid: 

a pharmacokinetic study

Abstract

Introduction: Haloperidol is the first choice antipsychotic medication in 

treatment of delirium. In older patients there is a large, not well understood, 

inter-individual variation in effect and side effects (in particular antipsychotic 

induced parkinsonism). There are three possible explanations. First, differences 

in pharmacokinetics, e.g. cytochroom P450 CYP2D6 contributes to the 

biotransformation of haloperidol. Second, variation in transport over the blood-

brain barrier (BBB). Last, the number of dopamine-2 (D2) receptors in the brain.

Methods: This cross-sectional study included 20 older patients above 64 years 

(average 78.9 years), with an elevated risk to develop delirium who were 

prescribed haloperidol 1 mg/day during five days before an elective surgery 

performed under spinal anaesthesia. Introductory the surgery, cerebrospinal 

fluid (CSF) (2 ml) and a blood sample (2 ml) were taken. Sample analysis 

was done by a validated liquid chromatography – mass spectrometry. The 

correlation of CYP-2D6 polymorphism vs. serum and serum vs. CSF concentration 

of haloperidol was investigated by linear regression analysis subsequently.

Results: Serum and CSF concentrations of haloperidol averaged 0.52 µg/litre 

(range 0.17-0.99 µg/litre) and 0.04 (range <0.01-0.09 µg/litre)(ratio averaged 

11.45%). The correlation of CSF and serum concentration was significant (r=0.85, 

p<0.05). The large variation in serum concentrations (factor 6) could not be 

explained by differences in drug metabolism resulting from polymorphism of 

CYP2D6 (p=0.59). 

Conclusions: Variability in transport over the BBB is not the explanatory factor 

for inter-individual variation in response. CYP2D6 polymorphisms do not explain 

the large inter-individual variation in serum haloperidol concentrations. An 

alternative explanation is the number of remaining dopamine-2 receptors.
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Introduction

Haloperidol is commonly prescribed to older patients for the treatment of acute 

and chronic psychotic symptoms or behavioural symptoms in dementia. It’s use 

is associated with adverse effects such as antipsychotic induced parkinsonism 

(AIP) and tardive dyskinesia.1,2 AIP is characterized by the presence of tremor, 

rigidity, and bradykinesia. These symptoms are associated with impaired quality 

of life of older patients treated with haloperidol.3 It is unknown why some 

older patients develop AIP at a low dosage haloperidol and others do not. 

There are different hypotheses that could explain the age related sensitivity to 

antipsychotics: an increased serum concentration for a given dose (peripheral 

pharmacokinetic hypothesis), increased brain access and distribution for a 

given serum concentration (central pharmacokinetic hypothesis), or decreased 

endogenous dopamine in older patients, a decreased number of dopamine-2 

receptors in the brain or different receptor occupancy.4

A study in 150 older patients did not support the hypothesis of the peripheral 

pharmacokinetic explanation. In this study, 46% of the patients treated with 

haloperidol, in dose varying from 0.3-5.0 mg/day, developed AIP.5 The study 

found a significant but moderate relationship between dose and serum 

concentration. Both dose and serum concentrations of haloperidol were not 

associated with occurrence of AIP. The moderate association between dose 

and concentration may result from cytochroom P450 (CYP)-2D6 polymorphism 

since this is the major enzyme that contributes to the biotransformation of 

haloperidol.6 Within the central pharmacokinetic hypothesis, transport across 

the blood-brain barrier (BBB), is an important factor. 

The blood-brain barrier, a single layer of capillary endothelial cells joined together 

at tight junctions, regulates access of xenobiotics (including antipsychotics) to 

the central nervous system.7 Loosening of these junctions would theoretically 

increase access of antipsychotics into the brain. Central concentration of many 

drugs, including antipsychotics, is also regulated by P-glycoprotein (P-gp), which 

restricts the permeability of the BBB indirectly by pumping drugs back into the 

peripheral circulation.8, 9 Decreased BBB P-gp is found with aging and there is 

decreased P-gp function in Alzheimer’s disease.10, 11

The relationship between serum and cerebrospinal fluid (CSF) concentration of 

haloperidol has not been prescribed earlier in an elderly population. The aim 

of this investigation therefore was to study this correlation in elderly patients. 

A secondary aim was to investigate if inter-individual variation in serum 

concentration can be explained by CYP2D6 polymorphisms. 
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Methods

Patient selection and study procedure
The study was conducted in a population of patients visiting the pre-operative 

screening and delirium prevention outpatient clinic (DEPOS) from the department 

of geriatric medicine of the Jeroen Bosch Hospital, a large teaching hospital in 

’s-Hertogenbosch, the Netherlands between January 2012 and January 2013. In 

case of an increased risk of a delirium, haloperidol 1mg/day for five days pre-

operative was prescribed by the geriatrician, according to hospital protocol. 

Inclusion criteria were: age above 64 years old, elective surgery under spinal 

anaesthesia, adequately started with haloperidol 1 mg/day according hospital 

protocol, mentally competent and written informed consent. Approval was 

obtained from the regional Medical Research Ethics Committee. Informed 

consent was asked by one of the researchers. Elective surgery under spinal 

anaesthesia made it possible to obtain 2 ml CSF for research goals without 

patient burden such as a lumbar puncture. A blood sample (2 ml) was drawn 

by the anaesthesiologist in addition.

Processing of the samples
Serum and CSF samples were stored at -20°C until further processing. A 

published LC-MS/MS method12 was adapted to perform the analysis of the 

samples. The quantification limit of haloperidol levels was 0.02 ng/ml. Only one 

patient had a haloperidol CSF concentration below this quantification limit. We 

defined that patient at a CSF concentration of 0.01 ng/ml.

CYP P450 2D6 analysis
Genotyping of the CYP P450 2D6 gene was performed by realtime PCR using the 

Taqman Drug metabolism Genotyping assays (Applied Biosystems) for 2D6*3, *4, 

*6, *7, *9, *10 en *41. For determination of 2D6 gene amplifications and deletions 

(*5) separate analyses were performed using Taqman Copy Number Assay CYP 

2D6 (Applied Biosystems) and Taqman Copy Number Reference Assay RNaseP 

(Applied Biosystems). After DNA extraction (MP96, Roche Diagnostics) of blood 

samples, PCR was performed on an ABI Prism 7500FAST Sequence Detection 

System (Applied Biosystems) according to manufacturer’s conditions.

The CYP2D6 genotyping were classified into groups with no active gene 

(poor metabolizers), 1 active gene (intermediate metabolizers), 2 active genes 

(extensive metabolizers), or more than 2 active genes (ultrarapid metabolizers).
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Data analysis
Using the Statistical Package for the Social Sciences (IBM® SPSS 20®) frequencies 

and distributions were extracted. The correlation coefficient (r) was calculated 

with Pearson’s R. R square was used to express the percentage of explained 

variance between CSF and serum. We corrected in multiple linear regression 

analysis for age and gender to identify the adjusted R.

The correlation between CYP-2D6 polymorphism versus serum concentration 

was investigated by linear regression analysis. Possible explanations for 

variance in serum concentrations at the same dose haloperidol are interaction 

with comedication, gender or age. Age was a continuous variable. We made 

categories of strong and weak CYP2D6 inhibitors and strong and weak CYP2D6 

inducers according to the P450 interaction table.13 A multiple regression analysis 

with these variables was performed. 

Results

Table 1 summarizes the results of this study. Twenty patients were included. 

Median age was 80 years and ranged from 68 to 91 years. Four (20%) patients 

were female. Eighteen patients used a dosage of 1 mg haloperidol a day for 

a period of five days before CSF and serum concentrations were measured. 

Patient eleven used 1 mg haloperidol a day for a period of five days and the 

day before the operation she used 2 mg haloperidol. Patient sixteen used a 

dosage of 2 mg haloperidol a day for a period of five days before CSF and 

serum concentrations were measured.

Serum and CSF concentrations of haloperidol averaged 0.52 µg/litre (range 

0.17-0.99 µg/litre) and 0.04 (range <0.01-0.09 µg/litre (ratio averaged 11.45%). The 

correlation of CSF and serum concentrations was significant (r=0.85, r²=0.73, 

p<0.01)(Figure 1). The CSF concentrations of haloperidol were mainly explained 

(by 73%) by the serum haloperidol concentration. When age is added in the 

model r²=0.77. This means that age explains a small additional part of the 

correlation between CSF and serum. There was no significant correlation 

between age and CSF concentrations. No differences in CSF concentration 

were found between males and females.

In 15 patients informed consent to perform CYP2D6 polymorphism analysis was 

obtained. One patient had no active genes (poor metabolizer), 9 patients had 

1 active gene (intermediate metabolizers) and 5 patients had 2 active genes 
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Table 1. Haloperidol concentration in serum and CSF (microgram/litre) 

Patient Age 

(years)

Gender Concentration of 

haloperidol in blood 

(µg/litre)

Concentration 

of haloperidol in 

cerebro-spinal 

fluid (µg/litre)

CYP 2D6 alleles

1 80 F 0.808 0.069 Hom 2D6wt(EM)

2 87 M 0.402 0.044 Het 2D6*3(IM)

3 91 M 0.331 0.036 -

4 83 M 0.600 0.066 -

5 71 M 0.568 0.044 Het 2D6*41(EM)

6 70 M 0.580 0.038 Het 2D6*4(IM)

7 71 M 0.999 0.086 Hom 2D6wt(EM)

8 69 M 0.656 0.044 Het 2D6*41(EM)

9 83 M 0.459 0.050 Hom 2D6*41(IM)

10 82 F 0.394 0.052 -

11¹ 83 F 0.759 0.057 Het 2D6*4/41(IM)

12 84 M 0.167 0.010 -

13 78 M 0.488 0.035 Het 2D6*4(IM)

14 73 M 0.495 0.051 Het 2D6*4/*41(IM)

15 81 F 0.487 0.042 Het 2D6*5(IM)

16 79 M 0.430 0.042 Hom 2D6*4(PM)

17² 80 M 0.430 0.042 -

18 68 M 0.363 0.031 Hom 2D6wt(EM)

19 80 M 0.359 0.023 Het 2D6*5(IM)

20 80 M 0.556 0.040 Het 2D6*4(IM)

Median 80 0.516 0.045

¹  Used 1mg haloperidol a day for a period of five days and the sixth day 2mg haloperidol

²  Used 2mg haloperidol a day for a period of five days

Hom: homozygote; Het: heterozygote; wt: wild type; -No informed consent was obtained

EM= extensive metabolizer, IM= intermediate metabolizer, PM= poor metabolizer



28

(extensive metabolizers). The large variation in serum concentrations (factor 6) 

could not be explained by differences in drug metabolism resulting from 

polymorphism of CYP-2D6 (p=0.59). No patients used strong CYP2D6 inhibitors 

or strong CYP2D6 inducers.13 Patient 2 and 15 used darifenacin, patient 6 used 

mirtazapin, patient 11 used venlafaxine and patient 13 used citalopram, all weak 

CYP2D6 inhibitors.13 Introduction of comedication use to the model could not 

explain the large variation in serum concentrations (p=0.61). 

Figure 1. Correlation of CSF and serum concentration was r=0.853

Haloperidol in serum (microgram/litre)
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Discussion

This study shows a strong and significant correlation between the serum 

concentration and CSF concentration of haloperidol in older patients. Sex or age 

did hardly influence this relation nor did co-medication or CYP polymorphism 

explain the serum concentration.

As far as we know, only one study was published studying haloperidol 

concentrations in CSF and in serum, however, not in older patients, but in 

younger schizophrenic patients. Rimon et al. analysed 12 chronic neuroleptic-non 

responsive schizophrenic patients (mean age 39 years) after 1 month on 60 mg 

haloperidol daily. CSF concentrations of haloperidol were significantly correlated 

(r=0.55 and p<0.01) with and averaged 4.3% of the serum concentrations.14

In our study CSF concentration of haloperidol were stronger correlated to the 

plasma concentration (r=0.85) however twice as high relative concentrations were 

measured (11.5% versus 4.3% of serum concentration in the study of Rimon et al.). 

One of the hypotheses of variability of response to haloperidol, variability in 

transport over the blood-brain barrier, seems to be not an explanatory variable 

given these results. A possible explanation for a higher ratio between CSF and 

serum concentrations of haloperidol in our study (11.5% compared to 4.3%) 

could be age. It might be possible that older patients have a more permeable 

blood-brain barrier than younger people, although the fact that no correlation 

of age (in our study aged 68-91 years old) and CSF concentrations (p=0.09) 

was found, and the fact that adding age to the model did hardly increase 

correlation, we could not underline that hypothesis. It should be taken into 

account that the range in age in this study population was quite small to do a 

proper analysis on age, so this could still be a possible hypothesis. The higher 

ratio could also be related to the much lower doses used, haloperidol 1 versus 

60 mg/day. This seems less likely to be the explanation, because haloperidol is 

not a substrate of P-glycoprotein (P-gp). P-gp is an efflux pump expressed at 

the blood-brain barrier (BBB) and limits drug access into the central nervous 

system. A previous study found that antipsychotic induced parkinsonism (AIP) 

could not be explained at all by dose or blood concentration of haloperidol.5 

Taken together, although by age still some variation in CSF concentration might 

be explained by future research, the main explanation appears to be plasma 

concentration of haloperidol, which is in line with a previous study. So the inter-

individual variability of CSF concentrations is unlikely to have a major role in 

the inter-individual response to haloperidol at the level of AIP. 

Cytochrome P450 (CYP) 2D6 contributes to the biotransformation of haloperidol. 
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A pharmacokinetic study showed reduced haloperidol through concentration 

and haloperidol total clearance correlated significantly with the number of active 

CYP2D6 genes.6 Our results show inter-individual variation in concentrations 

of haloperidol in serum at the same dose haloperidol. CYP2D6 is not the 

explanatory factor for inter-individual variation in serum, co-medication with 

weak CYP2D6 inhibitors neither.

Than what could be the explanation instead? The concentration and density of 

dopamine transporter have consistently been reported to decline with age. This 

is a possible explanation for inter-individual variation in effect and side effects 

of antipsychotic medication. In young patients with schizophrenia, occupancy of 

more than 80% of striatal D2 receptors with antipsychotics has been associated 

with extrapyramidal symptoms. This suggests that a minimum of 20% of the 

receptor population must be free for physiologic transmission to overcome 

extrapyramidal symptoms. With ageing there is a decline in D2 receptors, so a 

greater percentage of receptors must be free to provide an adequate level of 

physiologic transmission in older patients.4 Older persons would be expected 

to require a higher occupancy of the D2 receptor for the same effect. Older 

persons would show a decrease in the threshold for extrapyramidal symptoms. 

This would lead to a lower dose requirement for elderly.

Taken together, this study shows that the main explanation for CSF concentration 

variation is the plasma concentration, not age or gender. Why this plasma 

concentration differs largely in patients with identical haloperidol dosages and 

why with the same CSF concentration some patients develop AIP and some 

do not is still unclear, but might be caused by pharmacodynamic differences 

such as dopamine-2 receptor occupancy and needs future research. This study 

contributes to a better understanding of the different factors of inter-individual 

variation to haloperidol and in the end might lead to more evidence based 

prescribing for older patients.
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