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Bruk av antikolinerge antiparkinsonmedikamenter i Norge.
Epidemiologi, toksikologi og kliniske konsekvenser.

Pal Gjerden

Pa slutten av 1990-tallet oppdaget vi at legemidlet orfenadrin, markedsfert i Norge
under navnet Disipal®, foruroligende ofte forarsaket forgiftningsdedsfall. Orfenadrin
tilherer en gammel og lite paaktet gruppe medikamenter, antikolinerge
antiparkinsonmedikamenter, som opprinnelig ble brukt i behandling av Parkinsons
sykdom. I to artikler i Tidsskrift for den norske legeforening advarte vi mot bruken av
dette medikamentet. Etter advarselen gikk salget ned i Norge. Det var ingen tilsvarende
reduksjon i Sverige og Danmark, noe som kan tyde pa at advarselen i fagtidsskriftet
hadde effekt pa legers forskrivningspraksis. Orfenadrin ble trukket fra det skandinaviske
markedet 1 2005, men er fortsatt tilgjengelig i store deler av verden.

Ved hjelp av data fra Reseptregisteret har vi i ettertid vist at antikolinerge
antiparkinsonmedikamenter na i all hovedsak brukes sammen med antipsykotiske
legemidler, og at bruken av antikolinerge midler kan indikere forekomst av en spesiell
type alvorlige bivirkninger forarsaket av slike antipsykotiske medisiner. Vi brukte denne
sammenhengen for & underseke hvilke spesifikke antipsykotiske medisiner som var
tryggest a bruke. Denne tilnermingsmaten for a vurdere legemiddelsikkerhet er pa
mange mater ny. Det er blitt pastatt at nyere antipsykotika gir ferre bivirkninger enn
eldre. Vi fant stor variasjon mellom de ulike antipsykotika, men ingen systematiske
forskjeller mellom eldre og yngre midler mht. sambruk med antikolinerge
antiparkinsonmidler. Pastanden om at nyere antipsykotika har en generelt bedret
bivirkningsprofil synes primert & dreie seg om markedsforing.

Vi onsket ogsa & vurdere risiko for bivirkninger ved a se pa hvilke medikamenter
som ble foretrukket over tid. Vi antok at langtidsbruk av medisiner betyr at pasientene er
forneyde, enten fordi de opplever god virkning eller lite bivirkninger eller begge deler.
Klozapin (Leponex®) og zuclopentixol (Cisordinol®) var de antipsykotiske medisinene
som var hyppigst i kontinuerlig bruk over tre ar. Vi fant en hey grad av sambruk av
zuclopentixol og antikolinerge medikamenter. En forklaring kan vere at effekten av
zuclopentixol ble oppfattet som sé god at det veide opp for bivirkningene. En slik mate &
vurdere medikamenteffekt pa har heller ikke veert gjort tidligere. Et overraskende og

1©

bekymringsfullt bifunn var at bruk av haloperidol (Haldol™) var assosiert med betydelig

overdedelighet.

Dr. philos., NTNU, Det medisinske fakultet, Institutt for laboratoriemedisin, barne- og

kvinnesykdommer, 251110. Veiledere: Lars Slordal og Jorgen G. Bramness.
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1. Overview

1.1  Summary

This thesis is based on two fundamental questions: Which patients are
currently using anticholinergic antiparkinson drugs? Does it matter which
anticholinergic antiparkinson drug they are using? These questions were

further investigated, using a variety of methods, as follows:

Are anticholinergic antiparkinson agents predominantly used to treat
Parkinson’s disease or antipsychotic induced extrapyramidal side-effects

(EPS)?
Is there a high risk of abuse of anticholinergic antiparkinson agents?

Can alleged differences in receptor binding profiles of typical first-
(FGA) and atypical second (SGA) -generation antipsychotic agents

predict concomitant use of anticholinergic agents?

Can long-term co-prescription of anticholinergic antiparkinson agents

shed some light on the efficacy of antipsychotic agents?

Does the literature indicate differences in toxicity and fatality rates of
anticholinergic antiparkinson agents? Does an autopsy material indicate
differences between anticholinergic agents regarding toxicity and fatality

risk?

Are warnings in a medical journal against the use of the most toxic

anticholinergic agent enough to reduce its use?

Can patients stop using anticholinergic agents without further remedies?



The thesis has the following conclusions:

The overwhelming majority of anticholinergic users were patients
concomitantly using antipsychotic agents, presumably for the alleviation
of antipsychotic induced EPS. The use of anticholinergics was not
particularly skewed and we could not find any other indication of abuse,
indicating that concomitant use of anticholinergics can be a proxy for the

liability of specific antipsychotic agents to cause EPS.

For patients using only one antipsychotic agent, the concurrent use of
anticholinergics varied between 0.4% and 26.0%, but largely
independently of the distinction between typical and atypical
antipsychotics. High D,-receptor antagonism and a high 5-HT,a/D».

receptor-affinity ratio coincided with the use of anticholinergics.

Clozapine and zuclopentixol demonstrated the highest level of
prescription persistence in a three-year period. The high prevalence of
concomitant use of anticholinergics and zuclopentixol may indicate that
the latter was considered efficacious enough to outweigh its probable
side-effects. Haloperidol was associated with a mortality three times that

of any other antipsychotic agent in the study.

Orphenadrine is by far the most toxic anticholinergic antiparkinson agent
with a high mortality risk. Warnings in a medical journal against the use

of a toxic drug can have an impact on prescription patterns.

At least one-third of the patients using anticholinergic antiparkinson

agents do not need them.
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2 General introduction

2.1 Anticholinergic agents

Acetylcholine acts at two different classes of cholinergic receptors,
nicotinic ligand-gated ion channels and G-protein-coupled muscarinic
receptors. Both confer a wide range of effects in the periphery as well as
the central nervous system (1). Acetylcholinesterase inhibitors, used in
the treatment of Alzheimer’s disease, are the best known modulators of
nicotinic receptor function. The class of drugs called anticholinergic
agents acts as competitive antagonists at muscarinic receptors only and
should more precisely be named antimuscarinic agents. However, the
term anticholinergic agents is the term used in the official nomenclature
of World Health Organization (WHO) and is thus adopted throughout
this thesis (2).

Anticholinergic agents have been known in many cultures for thousands
of years. The prototype of the muscarinic antagonists, atropine, is
naturally occurring in Afropa belladonna and several other members of
the Solanaceae genus of plants (1). These naturally occurring
anticholinergic agents have been used for a variety of reasons through
history. The term belladonna refers to the beautiful women of Italy who

considered the mydriatic effect aesthetically desirable.

The first man-made anticholinergic agents were introduced in 1946,
trihexyphenidyl/benzhexol and biperiden followed by procyclidine,
benztropine and, lastly, orphenadrine in 1951 (3-10). The effect
conferred by these agents on Parkinson’s disease and neuroleptic-induced
parkinsonism is assumed to be mediated by reducing the imbalance
between cholinergic and dopaminergic activity in nigrostriatal neurons.
Orphenadrine confers a wide range of effects in addition to muscarinic

blockade (11).
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2.2 Parkinson’s disease

James Parkinson published “An essay on the shaking palsy” in 1817.
Although incomplete, this was the first description of a clinical condition
that Jean-Martin Charcot half a century later named “maladie de
Parkinson”. The medically correct term paralysis agitans has never been
as popular in clinical use as Parkinson’s disease. First thought to be a
nosological entity, its heterogeneity makes it more correct to use the term
Parkinson’s syndrome instead of Parkinson’s disease. The classic
symptoms tremor, rigidity and bradykinesia are assumed to find their
primary neurological substrate in the loss of dopaminergic neurons in the
nigrostriatal pathway, although the pathogenetic process behind this

deficiency may vary (12-14).

The first medicinal intervention was the administration of extract from
Atropa belladonna in 1867. From the late 1940s onwards synthesized
anticholinergic agents came into extensive use. Until the development of
L-dopa in the early 1960s, they were the mainstay of Parkinson’s disease
treatment (12). The medical treatment of Parkinsons’ disease has made

further progress since then (15).

2.3. Parkinsonism

Before antipsychotic agents came into use the terms Parkinson’s disease
and parkinsonism were used synonymously. Following the introduction
of chlorpromazine in 1952, the propensity of antipsychotic agents to
induce parkinsonian symptoms was recognized and eventually named
parkinsonism (drug-induced parkinsonism), as a entity different from, but
mimicking, Parkinson’s disease (idiopathic parkinsonism). At first it was
regarded as a clinical manifestation of the desirable pharmacological

action and it took many years before it was considered an undesirable
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adverse effect. Sedation, anticholinergic effects and hypotension were the
acknowledged side-effects of the early low-potency agents and it was not
until the introduction of the more potent and specific D, receptor
antagonists, culminating with the synthesis of haloperidol in 1958, that
parkinsonian adverse effects were recognized as a major problem.
Eventually, drug-induced parkinsonism came to be considered the most
serious hindrance for the use of antipsychotic agents and a diminished
liability to promote parkinsonism became the main argument in the

endeavour to define a new generation of antipsychotics (16).

The first - some would say the only - atypical antipsychotic agent was
clozapine, demonstrating virtually no parkinsonian side-effects.
Clozapine was marketed from the early 1970s, withdrawn because of its
significant haematological toxicity and reintroduced in the 1990s because
of its unique efficacy. In a quest to replicate the efficacy and lack of
abnormal motor symptoms demonstrated by clozapine, avoiding its
haematological side-effects, a number of novel atypical antipsychotic

agents have been synthesized in the last decade (17).

Abnormal motor symptoms caused by antipsychotic agents are usually
named extrapyramidal side-effects (EPS) and most often sub-divided into
acute dystonia, parkinsonism and akathisia, thus defining tardive
dyskinesia as an entity of its own. Some authors, however, include
tardive dyskinesia as an EPS. In clinical practice, the terms EPS and
parkinsonism are often used as synonyms, while akathisia and tardive
dyskinesa are described as separate entities. Acute dystonia, being an
acute condition, is mostly confined to hospitalized patients and should

have little bearing on any of the papers that constitute this thesis.
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2.4 Efficacy and effectiveness

The terms efficacy and effectiveness are frequently used in the medical
literature. Seemingly similar in meaning, they express different concepts.
The term efficacy refers to the question if a treatment works under ideal
condition, the randomized controlled trial (RCT) being the archetypal
example. The term effectiveness refers to the question if the treatment
works in everyday life. If the treatment does more harm than good to the
patient, possibly because of bothersome side-effects, the treatment might
be rejected and is thus ineffective although it may be efficacious (18).
There has been a growing difficulty in translating the results of RCTs
into clinical practice concerning the clinical usefulness of old and newer

antipsychotic agents (19).
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3 Introduction to the present study

3.1. Epidemiology

The use of anticholinergic agents in Parkinson’s disease has been in
decline, at least in the industrialized countries of the world, but its use is
not altogether obsolete (20). The low cost incurred by its use is probably
the reason for the not insignificant use of these drugs against Parkinson’s
disease worldwide. In Norway, the use of anticholinergic agents was
assumed to be largely confined to treating antipsychotic induced side-
effects. This assumption had, however, not been formally investigated.
Paper 1 delineates the prevalence and indication of use of anticholinergic
antiparkinson drugs in Norway and investigates possible abuse of these
drugs. The users of anticholinergic antiparkinson drugs are further
scrutinized in Paper 2, assessing the concomitant use of anticholinergic

and antipsychotic agents.

3.1.1. Clinical implications

The prevalence of antipsychotic induced EPS has been much debated.
Second-generation antipsychotic agents (SGAs) have been claimed to
confer a much lower risk of inducing EPS than first-generation
antipsychotics (FGAs). This notion has been challenged in the last few
years, in the wake of two large clinical studies that failed to demonstrate
any difference between FGAs and SGAs in this respect (21, 22). A
confounding factor is that almost all studies of drug-induced EPS have
been carried out with schizophrenic patients, a group of patients with an
inherent tendency of developing both parkinsonism and tardive

dyskinesias even in the absence of antipsychotic agents.

We found that the overwhelming majority of anticholinergic

antiparkinson drugs were used concomitantly with antipsychotic agents,
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presumably for the amelioration of antipsychotic induced EPS. We could
not find indications of a skewed use of anticholinergic drugs.
Consequently we assumed that concomitant use of anticholinergics might
reflect perceived EPS and that concomitant use of anticholinergics could
be used as a proxy for antipsychotic induced EPS. In particular we
investigated potential differences between FGAs and SGAs. Paper 2
focuses on differences in the liability of antipsychotic agents to cause
EPS and explores some pharmacodynamic differences between FGAs

and SGAs.

If doctors and patients stick to a single antipsychotic agent for years, one
might assume that both efficacy and lack of side-effects is considered
satisfactory and that the drug has demonstrated effectiveness. In addition
to assessing prescription persistence as a proxy for the real-life
effectiveness of antipsychotic agents, Paper 3 compares concomitant
prescription of anticholinergic antiparkinson agents and mortality as
indicators of safety of antipsychotic agents. In addition, long-term
concomitant prescription of antipsychotic and anticholinergic agents is
used in an indirect evaluation of the efficacy of some of the antipsychotic

agents in the study.

3.2. Toxicology

Anticholinergic antiparkinson agents constitute a very old class of drugs.
They were introduced at a time when preclinical trials were less
comprehensive than today and pharmacokinetics and metabolism were
scantily described before marketing. This is still the case. Scattered case-
reports have been published but, to our knowledge, no review that deals
comprehensively with the toxicology of anticholinergic antiparkinson
drugs. Standard psychiatric textbooks do not differentiate between the
various anticholinergics. Paper 4 is a review of the clinical pharmacology
of the three anticholinergic antiparkinson drugs marketed in Norway at

the time of the study, with emphasis on acute toxicity. Paper 5 is a study
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of a series of fatalities caused by anticholinergic antiparkinson drugs in

Norway in an 11-year period.

3.2.1. Clinical implications

The toxicology of anticholinergic antiparkinson agents is not the same.
The results from Papers 4 and 5 indicate that orphenadrine stands out
from the rest, being responsible for a disproportionately large number of
overdose deaths. Consequently, in Paper 5 we warned against the use of
orphenadrine. Journal reading is probably the most popular form of
continuous medical education but it is difficult to demonstrate an effect
on doctors’ professional behaviour (23, 24). Studies reporting positive
effect of passive educational initiatives are very scarce (25). Paper 6
examines whether warnings in a medical journal against the use of

orphenadrine had any effect on the sales of this compound in Norway.

Eventually, orphenadrine was withdrawn from the Scandinavian market.
Paper 7 focuses on the consequences for the patients when they stopped
using orphenadrine, regarding the use of anticholinergic and

antipsychotic agents.
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4 Research questions

This work elaborates on two basic questions: Which patients are

presently using anticholinergic antiparkinson drugs? Does it matter

which anticholinergic antiparkinson drug they are using?

The respective answers to these questions consequently led to the

following research questions that this thesis aims to answer:

1.

It is assumed that the use of anticholinergic antiparkinson agents
today is mainly confined to the alleviation of antipsychotic
induced EPS. Is this assumption correct? This question is dealt
with in Paper 1.

The reported risk of abuse of anticholinergic antiparkinson agents
varies considerably in the literature. Is there a high risk of abuse
of these drugs? This question is also dealt with in Paper 1.

The reported prevalence of antipsychotic induced EPS differs
significantly in the literature. In particular, newer studies have
questioned the alleged diminished liability of the atypical second-
generation antipsychotics to induce EPS. Is the prevalence of
drug-induced EPS the same for all antipsychotic agents? Is there a
difference between FGAs and SGAs in this aspect? Can alleged
differences in receptor binding profiles of FGAs and SGAs
predict concomitant use of anticholinergic agents? Paper 2 deals
with these questions.

Paper 3 deals with prescription persistence and safety, including
mortality, associated with antipsychotic medication. Are there any
differences between the various antipsychotics? Can concomitant
use of anticholinergic agents help differentiate efficacy from
perceived side-effects as possible reasons for long-term

prescription persistence of antipsychotic agents?
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What does the literature tell us about the toxicity and fatality risk
of anticholinergic antiparkinson drugs? Do these drugs differ
from each other in this aspect? Paper 4 deals with this question.
Are there differences in toxicity between anticholinergic
antiparkinson agents in a Norwegian autopsy material? This
question is dealt with in Paper 5.

Papers 4 and 5 delineate orphenadrine as a drug quite different
from the rest of the anticholinergic antiparkinson agents, carrying
a significantly higher risk of death than any other anticholinergic
agent. Will a warning against the use of orphenadrine result in a
decline of the use of this drug? Paper 6 deals with this question.
Can patients stop using orphenadrine or other anticholinergic
antiparkinson drugs when they have to, without reducing
antipsychotic dosage, switching antipsychotic agent or replacing
one anticholinergic agent with another? Paper 7 deals with these

questions.
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5 Material and methods

5.1 Design

Papers 1, 2, 3 and 7 are pharmacoepidemiological studies. Paper 4 is a
literature review while Paper 5 is a retrospective study of a series of

autopsy cases. Paper 6 is a naturalistic study with case-control elements.

5.2 Material

Papers 1, 2, 3 and 7 are based on the Norwegian Prescription Database
(NorPD) which covers sales of drugs to the entire Norwegian outpatient
population from 2004. Paper 4 is based on an extensive literature search
in various databases. The basis for Paper 5 is autopsy samples received at
the National Institute of Forensic Toxicology during the years 1986 —
1996. Paper 6 compares drug sales to the entire Norwegian, Swedish and
Danish outpatient population as reported to the national health

authorities.

5.3 Methods

Papers 1, 2, 3 and 7 uses one-year prevalence as the basic measure and
collects standard pharmacoepidemiological data from NorPD for this
period of time. In addition to standard epidemiological calculations, we
also found Lorenz curves and Gini coefficients useful in the evaluation of
possible drug abuse in Paper 1. Paper 2 extracts antipsychotic receptor
profiles from a previously published external source. Paper 6 uses

standard epidemiological data and calculations.
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5.4 Statistics

The main statistical methods used in the present analyses are simple
frequency analyses performed in SPSS 15.0 using Pearson’s chi-square
(x?) test for the assessment of significance. In addition, Spearman’s rank
correlation coefficient (o) was used in Paper 2 and binary logistic

regression analyses with odds ratios were performed in Paper 3.
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6 Results

6.1 Paper 1.

The use and potential abuse of anticholinergic antiparkinson drugs

in Norway. A pharmacoepidemiological study.
Pal Gjerden, Jorgen G. Bramness, Lars Slordal
British Journal of Clinical Pharmacology 2008; 67(2): 228-233

The use of anticholinergic antiparkinson drugs is assumed to have shifted
from the therapy of Parkinson’s disease to the amelioration of
extrapyramidal adverse effects induced by antipsychotic drugs. There is a
considerably body of data suggesting that anticholinergic antiparkinson
drugs have a potential for abuse. The aim was to investigate the use and

potential abuse of this class of drugs in Norway.

Data were drawn from the Norwegian Prescription Database on sales to a
total of 73 964 patients in 2004 of biperiden and orphenadrine, and use in
patients with Parkinson’s disease or in patients who were also prescribed
antipsychotic agents. Possible abuse of these drugs was assessed by the
level of use, skewedness of use, indications of drug-seeking behaviour
and concomitant use of benzodiazepine tranquillizers, a group of drugs

with a recognized potential for abuse.

Patients using antipsychotic medication accounted for 94% of the use of
anticholinergics, compared with 4.3% with Parkinsons’disease. We
found indications of abuse of benzodiazepine tranquillizers among
patients using antipsychotics, but there were no clear indications of abuse
of anticholinergics, even among patients who were strongly suspected of

abuse of bezodiazepines.
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Anticholinergic antiparkinson drugs were primarily used by patients with
psychotic illnesses. These patients have a very high prevalence of legal
and illegal drug abuse, but the risk of abuse of anticholinergic

antiparkinson drugs seemed small.
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6.2 Paper?2

Association between the use of anticholinergic antiparkinson drugs

and safety and receptor drug-binding profiles of antipsychotic agents
Pal Gjerden, Lars Slordal, Jergen G. Bramness
European Journal of Clinical Pharmacology 2009; 65(12): 1229-1235

The use of anticholinergic antiparkinson drugs is almost exclusively
confined to treating antipsychotic-induced extrapyramidal side-effects
(EPS). We investigated the prevalence of concomitant prescription of
anticholinergics as a proxy for antipsychotic-induced EPS and compared
variance in prevalence with differences in the assumed mechanisms of
action of antipsychotics on central nervous system (CNS) transmitter
systems (i.e., receptor drug-binding profiles). We paid special attention to

potential differences between typical and atypical antipsychotics.

Data were drawn from the Norwegian Prescription Database on sales of
antipsychotic and anticholinergic antiparkinson drugs to a total of 57 130
outpatients in 2004. We assessed concomitant dispensations of
antipsychotic and anticholinergic drugs and correlated the prevalence of
concomitantly prescribed anticholinergics to previously assessed

receptor-binding profiles of antipsychotics.

The concurrent use of anticholinergics varied between 0.4% and 26.0%
for patients using a single antipsychotic agent. The prevalence of
anticholinergic comedication was more than twice as high in patients
using two or more antipsychotic drugs. Four typical antipsychotics
(fluphenazine, zuclopentixol, haloperidol and perphenazine) were
associated with higher concomitant use of anticholinergics than the rest.
For the remaining 14 antipsychotic agents, the difference between typical

and atypical antipsychotics was neither pronounced nor systematic. A
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high degree of D-receptor antagonism and a high 5-HT,4/D»-receptor-

affinity ratio coincided with the use of anticholinergics.
The liability of antipsychotic drugs to cause EPS seemed to vary

considerably and largely independently of the distinction between typical

and atypical antipsychotics.
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6.3 Paper 3.

Prescription persistence and safety of antipsychotic medication: a

national registry-based three-year follow-up
Pal Gjerden, Lars Slordal, Jergen G. Bramness
European Journal of Clinical Pharmacology 2010; 66: 911-917

Long-term persistence of use, lack of co-prescribed anticholinergic
antiparkinson drugs and low mortality may indicate effectiveness and
safety of antipsychotic drugs. We aimed to assess three-year prescription
persistence, concomitant use of anticholinergic antiparkinson agents and
mortality related to the use of all antipsychotic agents available in

Norway.

Data were drawn from the Norwegian Prescription Database on the sales
of antipsychotic and anticholinergic antiparkinson agents in 2004 to a
total of 52 427 patients. The primary study group was a subgroup of

34 494 patients who were prescribed only one antipsychotic agent in
2004. The patients were re-investigated in 2007. For each of the 13
antipsychotic agents studied, assumed prescription persistence was
assessed in light of use of anticholinergic antiparkinson agents in 2004

and casualty rates were noted.

The highest persistence was demonstrated by zuclopenthixol (69.8%) and
clozapine (88.4%). Zuclopenthixol was often co-prescribed with
anticholinergics (22.2%), in contrast to clozapine (3.6%). Ziprasidone
was associated with a low mortality (OR=0.08), while chlorprotixene and
haloperidol were associated with a high mortality (OR=1.34 and 3.97,

respectively) compared to levomepromazine.
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Clozapine demonstrated a high degree of continuity of prescription and a
low level of concomitant use of anticholinergics. Zuclopenthixol also
demonstrated a high degree of continuity of prescription, despite a
considerable degree of co-prescribed anticholinergics. We did not find
that any other antipsychotic than ziprasidone was associated with a low
mortality. The use of haloperidol seemed to confer a mortality risk three

times that of any of the other antipsychotic agents included.
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6.4 Paper 4.

The clinical pharmacology of anticholinergic antiparkinson drugs: a

review with emphasis on acute toxicity
Pal Gjerden, Lars Slordal
Tidsskrift for Den norske laegeforening 1998; 118: 53-55

Anticholinergic antiparkinson drugs are primarily used to ameliorate
extrapyramidal side-effects induced by neuroleptic agents. In 1998
orphenadrine dominated quantitatively among these drugs in Norway,

presumably because it was assumed to carry a lower risk of abuse.

There are numerous reports of deaths following orphenadrine overdoses.
Orphenadrine has complex pharmacokinetic properties and a narrow
therapeutic index. After an overdose, it confers toxic effects of rapid
onset to several organ systems. No specific and effective therapy for
orphenadrine intoxications has been established. For the two other drugs
in this class which were marketed in Norway at this time, biperiden and
benztropine, toxicity is mainly connected to their anticholinergic
properties. Notably, no reports of lethalities after overdoses of biperiden
seem to be available. A small number of accounts of deaths following
benztropine intoxications have been published. Neither of these two
agents, and benztropine in particular, has been subjected to

comprehensive pharmacokinetic evaluations.

The relatively extensive use of orphenadrine should be discouraged.
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6.5 Paper 5.

Fatalities caused by anticholinergic antiparkinson drugs: a

retrospective study of a series of Norwegian cases
Pal Gjerden, Karen Sofie Engelstad, Grete Pettersen, Lars Slordal
Tidsskrift for Den norske leegeforening 1998; 118: 42-44

All autopsy samples received at the National Institute of Forensic
Toxicology during the years 1986-1996 which contained anticholinergic
antiparkinson drugs were reviewed. Of a total of 69 cases, orphenadrine
was present in 57 (83%), biperiden in 8 (12%), procyclidine in 3 (4%)
and trihexyphenidyl/benzhexol in 1 (1%) of the subjects. The measured
concentrations were assessed in light of previously published data. Of 21
cases where causality between drug ingestion and death was classified as
either highly probable (18/21) or possible (3/21), all subjects tested
positive for orphenadrine. In the autopsy samples from these patients,
orphenadrine concentrations in the 4.5 — 600 pmol/l range (mean 62.5
umol/l, SD 126.5 pmol/l) were determined. Because of a low national
autopsy rate, there is reason to believe that the actual numbers of drug-

related deaths in this period may have been significantly higher.

It is concluded that orphenadrine is responsible for a disproportionately

high number of overdose deaths.
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6.6 Paper 6.

Effect of warnings in a medical journal on the use of orphenadrine
Pal Gjerden, Jorgen G. Bramness, Lars Slordal
Journal of Evaluation in Clinical Practice 2008; 14: 615-617

The effect of journal reading on doctors’ professional behaviour has not
been extensively studied. We have tried to assess the impact of a warning
against the use of orphenadrine published in an extensively circulated

Norwegian medical journal.

Based on evidence of excessive toxicity we published a warning against
the use of orphenadrine in the Journal of the Norwegian Medical
Association in 1998. There were no such initiatives in neighbouring
Scandinavian countries. Yearly sales data for orphenadrine in Norway
were compared to sales data from Sweden and Denmark before and after

this warning.

Sales data showed a steeper decline in the prescription of orphenadrine in
Norway compared to Sweden and Denmark from the time of intervention
in 1998 until the drug was withdrawn from the Scandinavian market in

2005.
The results of the media alert support the assumption that professional

initiatives in a medical journal may alter established prescription

practice.
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6.7 Paper 7.

The use of antipsychotic and anticholinergic antiparkinson drugs in

Norway after the withdrawal of orphenadrine
Pal Gjerden, Lars Slordal, Jergen G. Bramness
British Journal of Clinical Pharmacology 2009; 68(2): 238-242

Extrapyramidal side-effects induced by antipsychotic drugs are treated
with dose reduction or substitution with another antipsychotic drug or by
the addition of anticholinergic antiparkinson agents. The withdrawal of
orphenadrine from the Norwegian market provided a possibility to
investigate to what degree these alternative measures were taken in

clinical practice.

Data were drawn from the Norwegian Prescription Database on the sales
of antipsychotics and one of the two anticholinergic antiparkinson agents
marketed in 2004, orphenadrine and biperiden, to a total of 39 758
outpatients. These patients were reinvestigated in 2007. The
consequences of the withdrawal of orphenadrine from the Norwegian
market in 2005 regarding dosing, switching and cessation of
antipsychotics and use of anticholinergics were assessed for orphenadrine

users compared with biperiden users.

Of the patients originally using orphenadrine, 28.4% stopped using the
drug without reducing the antipsychotic dose or replacing orphenadrine
with another anticholinergic agent. The corresponding number for
biperiden users was 19.3%. Only 11.8% of patients switched to another
antipsychotic drug, but they used significantly lower antipsychotic doses

than those who stayed on the same drug.
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The use of anticholinergic antiparkinson agents could be seen as

superfluous for at least one-third of the patients.
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7 Discussion

7.1

Methodology

This thesis employs a variety of scientific methods. Four of the
papers are pharmacoepidemiological studies.
Pharmacoepidemiology is the study of the use of and the effects
of drugs in large numbers of people (26). It is a relatively new
applied field and from the beginning has primarily concerned
itself with the study of adverse drug effects, in particular drug
effects that are uncommon, not dose-related and unpredictable.
Preclinical toxicity testing has been mandatory for medicinal
drugs since the 1938 Food, Drug, and Cosmetic Act was passed in
the US. Drug surveillance programs were developed in the 1950s
but it was the “Thalidomide disaster” of the early 1960s that
demonstrated that epidemiological methods could make
significant contributions to the study of drug effects in humans.
The teratogenicity of thalidomide was only revealed a number of
years after the compound had been introduced as a harmless drug

for treating insomnia and morning sickness in pregnant women.

Premarketing studies of drug effects are limited in size and time,
usually include homogenous groups of subjects, exclude
important subgroups and are most often compared to placebo
instead of the best available drugs for the same indication.
Postmarketing pharmacoepidemiological studies are much larger,
include patients not studied prior to marketing, include patients
using other drugs, can discover uncommon or delayed effects and

can assess much larger numbers of drugs.

The Norwegian Prescription Database contains information on all

drugs filled by individual patients living outside institutions in
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7.2

Norway from 1 January 2004, covering the entire population of
4.6 million inhabitants. The magnitude and completeness of this

database makes it rather unique.

The remaining three studies employ other methods. The literature
review of orphenadrine in Paper 4 seems to be the first of its kind
since 1982 (27). Several highly relevant papers dealing with
orphenadrine have been published in non-indexed, non-English
journals, including Dutch periodicals. This may partly explain
why orphenadrine has been on the market world-wide for so long,

and still is.

Main results

This thesis reports on the use as well as the qualities of
anticholinergic agents. In some aspects it also transcends
anticholinergic agents by evaluating antipsychotic agents, both as

a class and as individual drugs.

The thesis reports a number of strictly epidemiological findings
concerning the users of anticholinergic antiparkinson agents and
the selection of anticholinergic agents following warnings in a
medical journal and restrictions in availability. It argues that at

least one third of the use of anticholinergics is superfluous.

In addition, the thesis seems to allow drawing certain conclusions
regarding the innate qualities of anticholinergic agents: The risk
of abuse of anticholinergics is low. Toxicity and mortality differs
significantly within this class of drugs and orphenadrine stands

out as a particularly toxic drug.

The most original contributions made by this thesis are the results

that transcend anticholinergic agents: The liability of specific
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antipsychotic agents to cause EPS can be compared by the
concomitant use of anticholinergics. The concurrent use of
anticholinergics demonstrates that the classification of
antipsychotic agents as typical first-generation or atypical second-
generation does not correspond with the alleged criteria for this
classification. Concomitant use of anticholinergics in long-term
antipsychotic medication may even be a contributory factor for
the evaluation of the efficacy of specific antipsychotic agents, not

only their effectiveness.

The disproportionately high mortality confined to long-term
prescription of haloperidol must be considered an important but
chance finding, a finding supported by other studies but not

explained.
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7 Conclusions

In Norway in 2004 an overwhelming majority of the anticholinergic
users were patients concomitantly using antipsychotic agents. We
assumed that the reason for this use was EPS induced by antipsychotic
drugs and the presumed alleviation of these symptoms by anticholinergic

drugs.

We also found that the use of anticholinergic agents was not very skewed
and we did not find any other indications of abuse of anticholinergic

agents.

The lack of skewedness, together with the narrow indication for the use
of these drugs, instigated the possibility of using the prevalence of
concomitantly prescribed anticholinergics as a proxy for the prevalence
of the respective antipsychotic agents’ liability to cause EPS. The exact
prevalence could not be estimated, but the relative risk of each
antipsychotic drug to cause EPS compared to the corresponding risk of

other antipsychotics should be fairly accurately assessed.

The prevalence of drug-induced parkinsonism varied significantly, but
largely independently of the classification of an antipsychotic drug as

either FGA or SGA.

Long-term prescription persistence of a specific antipsychotic agent can
be a proxy for its effectiveness. Concomitant use of anticholinergic
antiparkinson drugs can be a proxy for antipsychotic induced EPS.
Comparing long-term use of both antipsychotic and anticholinergic
agents may indirectly be used in the evaluation of the efficacy of

antipsychotic agents.

35



The literature clearly demonstrates a difference between the various
anticholinergics regarding toxicity and mortality. When we
retrospectively studied a series of fatality cases the finding was the same,
namely that orphenadrine had been causing a disproportionately high

number of deaths compared to the other anticholinergic agents.

When we warned against the use of orphenadrine in Norway, the use

declined significantly compared to Sweden and Denmark.

When orphenadrine was withdrawn from the market and the patients had
to stop using this drug, one third of them managed to do so without
reducing antipsychotic dosage, switching antipsychotic agent or using
another anticholinergic agent. At least one third of the patients using

anticholinergic agents probably did not need them.

A surprise finding was that every fourth patient being prescribed
haloperidol was dead in three years. Haloperidol was associated with a
mortality three times that of any of the other antipsychotic agents

included in the study.
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Sartrykk av Tidsskrift for Den norske legeforening nr. 1/1998

Antikolinerge antiparkinsonmedikamenters
kliniske farmakologi

En oversikt med vekt pa akutt toksisitet

Antikolinerge  antiparkinsonmidler
brukes i dag primart for 4 behandle
neuroleptikainduserte ekstrapyrami-
dale bivirkninger. Orfenadrin domine-
rer dette markedet i Norge. En mulig
drsak kan vare at medikamentet er
blitt antatt 4 ha mindre misbrukspo-
tensial enn de andre medikamentene i
denne gruppen.

Det finnes mange rapporter om
dedsfall knyttet til overdoser av orfen-
adrin i litteraturen. Medikamentets te-
rapeutiske indeks er relativt lav. Over-
doser affiserer flere organsystemer, og
symptomene utvikler seg raskt. Det
finnes ingen spesifikk og effektiv be-
handling for orfenadrinintoksikasjo-
ner. Orfenadrin har i tillegg farmako-
kinetiske egenskaper som mé antas a
kunne komplisere den kliniske bruken
ytterligere.

For de to andre medikamentene i
denne gruppen, biperiden og benztro-
pin, er toksisiteten knyttet til deres
antikolinerge egenskaper. Vi har ikke
funnet beskrivelser av dedsfall knyttet
til overdoser av biperiden i tilgjengelig
litteratur. Det finnes et lite antall be-
skrivelser av dedsfall etter overdoser
av benztropin. Verken biperiden eller
benztropin synes & ha veart gjenstand
for farmakokinetiske studier, og szrlig
benztropin er mangelfullt beskrevet.

Den relativt omfattende bruken av
orfenadrin ber begrenses.

Antiparkinsonmidler av antikolinerg type er
gamle medikamenter som i dag nesten ikke
brukes i behandling av Parkinsons sykdom.
Det er imidlertid fremdeles en betydelig
bruk av disse medikamentene ved neurolep-
tikaindusert parkinsonisme.

Her i landet er tre slike medikamenter re-
gistrert: orfenadrin, biperiden og benztropin.
To tilsvarende stoffer, triheksylfenidyl/
benzhexol og procyklidin, ble avregistrert
etter fabrikantenes ensker i henholdsvis
1995 og 1996. Blant de gjenvarende prepa-
ratene er orfenadrin det klart mest brukte i
Norge. Forskrivningen av de tre gjenvaren-
de preparatene er pa ca. 0,5 (orfenadrin), 0,3
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Today, anticholinergic antiparkinsonian drugs are
primarily used to ameliorate extrapyramidal side-
effects induced by neuroleptic agents. Orphen-
adrine dominates quantitatively among these
drugs in Norway, presumably because it is as-
sumed to carry a lower risk of abuse.

There are numerous reports of deaths following
orphenadrine overdoses. Orphenadrine has com-
plex pharmacokinetic properties and a narrow
therapeutic index. After an overdose, it confers
toxic effects of rapid onset to several organ sys-
tems. No specific and effective therapy for orphe-
nadrine intoxication has been established. For the
two other drugs in this class which are marketed
in Norway, biperiden and benztropine, toxicity is
mainly connected to their anticholinergic prop-
erties. Notably, no reports of lethalities after over-
doses of biperiden seem to be available. A small
number of accounts of deaths following benztro-
pine intoxication have been published. Neither of
these two agents, and benztropine in particular,
has been subjected to comprehensive pharmaco-
kinetic evaluations.

The relatively extensive use of orphenadrine
should be discouraged.

(biperiden) og 0,1 (benztropin) definerte
dogndoser (DDD)/1000 innbyggere/dagn.
Orfenadrin og benztropin har hatt en viss til-
bakegang i salget de siste ti ir, mens bruken
av biperiden har gkt litt i denne perioden.

Orfenadrin har ogsa vert brukt som an-
algetikum ved tilstander med muskel- og
skjelettsmerter (1). Et kombinasjonspreparat
som inneholdt orfenadrin og paracetamol,
var registrert i Norge under navnet Norgesic
frem til 1996.

Denne gruppen antikolinerge medika-
menter er ikke blitt underkastet kritiske far-
makologiske evalueringer, og synes dess-
uten & vaere gjenstand for en noe stemoderlig

behandling i farmakologiundervisningen
ved vare medisinske leresteder. Stoffgrup-
pen er etter var mening ogsé ufullstendig
omtalt i sentrale handbeker som Felleskata-
logen og Norsk legemiddelhidndbok. I det
folgende gis en kortfattet omtale av de regi-
strerte preparatenes kliniske farmakologi,
med hovedvekt pa stoffenes akutte toksisi-
tet.

Orfenadrin

DDD er 200 mg, men doser opptil 300 mg
er ikke uvanlig. Medikamentet er formulert
som tabletter inneholdende 50 eller 100 mg
orfenadrin. Absorpsjonen etter inntak gjen-
nom munnen er rask og fullstendig. Ca.
30 % av en peroralt inntatt dose er gjenstand
for presystemisk metabolisme (first pass ef-
fect). Den vesentlige delen av orfenadrins
biotransformasjon skjer i leveren. Anslags-
vis halvparten av en inntatt dose utskilles i
urin som metabolitter, ca. 8% gjenfinnes
umetabolisert 1 urin, mens resten elimineres
via galle og feces. Halveringstiden i plasma/
serum etter et enkeltinntak varierer fra 13 til
20 timer (2, 3). Kontinuerlig daglig inntak
kan resultere i blodkonsentrasjoner 2-3
ganger hgyere enn det man ville predikere ut
fra enkeltdoser, og kontinuerlig bruk ledsa-
ges av en forlengelse av orfenadrinets halve-
ringstid opp mot 30—40 timer. Det er blitt
spekulert i om dette skyldes at orfenadrin-
metabolitten N-desmetyl-orfenadrin kon-
kurrerer med morsubstansen om biotrans-
formasjonsenzym(er), slik at orfenadrinets
biotransformasjon er gjenstand for sakalt
produktinhibering (4). Orfenadrin er et sub-
strat for P450-isoenzymet CYP3A (5), og
farmakokinetiske interaksjoner med andre
substrater for CYP3A — som blant annet in-
kluderer noen antiarytmika, anxiolytika,
hormoner og cytostatika — er ikke usannsyn-
lig. Orfenadrin er dessuten en inhibitor av
P450-enzymet CYP2B6 (6), som blant annet
er ansvarlig for biotransformasjonen av ni-
kotin og cellegiften cyklofosfamid. Medika-
mentet kan i teorien derfor gi opphav til en
lang, uforutsigbar og kompleks rekke av far-
makologiske interaksjoner.

Doseavhengige bivirkninger av orfen-
adrin er knyttet til den antikolinerge effek-
ten. Utilsiktede effekter knyttet til anta-
gonistisk virkning pa perifere kolinerge re-
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septorer inkluderer munnterrhet, mydriasis,
akkomodasjonsparese og — szrlig ved pro-
statisme — vannlatingsplager. Ubehandlet
trangvinkelglaukom utgjer en absolutt kon-
traindikasjon mot orfenadrinbehandling. Or-
fenadrin reduserer tarmmotiliteten, kan for-
verre pylorusstenose og gi obstipasjon og —
i ekstreme tilfeller — paralytisk ileus. Sentral-
nervese antikolinerge bivirkninger omfatter
konfusjon og hallusinose, som serlig kan
ramme eldre pasienter. Antikolinerge medi-
kamenter kan gi en viss ruseffekt, og det er
blitt pastdtt at orfenadrin har mindre mis-
brukspotensial enn de andre antikolinerge
antiparkinsonmidlene (7). Doseuavhengige
bivirkninger synes ikke & vare rapportert.

Ved litteraturgjennomgang har vi funnet
rapporter om mer enn 60 dedsfall knyttet til
overdoser med orfenadrin (3, 8—16). Ytterli-
gere 21 dedsfall beskrives i et norsk mate-
riale (17). Letal dose ved akutt forgifining er
anslatt til 2—3 g (13). Andre forfattere oppgir
22 mg/kg for voksne og 72 mg/kg for barn
som potensielt dedelige doser (11). Reguler
terapeutisk bruk av orfenadrin er assosiert
med plasmakonsentrasjoner i sterrelses-
orden 0,3-0,7 pmol/l (17). Orfenadrinindu-
sert toksisitet er angitt 4 inntre ved blodkon-
sentrasjoner rundt 7 umol/1 (8, 18). Rettstok-
sikologiske analyser har pavist orfenadrin
i konsentrasjoner fra 0,37 til 296 pmol/l i
blodprever tatt ved obduksjon av individer
antatt dede av orfenadrinoverdoser (14, 15).
Det kan imidlertid reises spersmél ved den
analytiske ngyaktighet som ligger til grunn
for noen av disse rapportene (15). I over-
siktsarbeider er nedre grense for letale blod-
konsentrasjoner anfort 4 vere 13,4 umol/l
(19) og 14,8 umol/I (8, 18).

Ved analyser av i alt 18 tilfeller hvor deds-
arsaken skyldtes overdoser av enten orfen-
adrin alene (ti individer) eller i kombinasjon
med alkohol eller andre medikamenter, fant
Robinson og medarbeidere (14) intracere-
brale orfenadrinkonsentrasjoner pa ca. 10 %
av nivaet i fullblod. En vesentlig ekning i
sentralnervese orfenadrinnivaer utover disse
10% kan muligvis indusere intoksikasjons-
symptomer i situasjoner hvor blodkonsen-
trasjonene av medikamentet ikke synes for-
uroligende hoye. Det er imidlertid ikke kjent
hvorvidt for eksempel lesjoner i blod-hjer-
ne-barrieren kan endre orfenadrins terapeu-
tiske indeks (20).

Et annet usikkerhetsmoment ligger i mu-
ligheten for postmortal redistribusjon av me-
dikamentet. I begrepet ligger at medika-
mentkonsentrasjoner i blod og andre kropps-
veesker kan endres vesentlig etter at doden er
inntradt, noe som kan vanskeliggjore tolking
av analysefunn i forbindelse med dedsfall.
Vi kjenner ikke til at slike fenomener er blitt
gjenstand for studier nir det dreier seg om
dette medikamentet. Malinger av til dels sto-
re forskjeller i blodnivéer, avhengig av hvor
Proven er fatt, samt forskjeller i orfenadrin-
konsentrasjoner mellom hayre og venstre
nyre i obduksjonsmateriale, kan gi mistanke
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om at medikamentet er gjenstand for en sig-
nifikant redistribusjon etter deden (14).

Ved lettere overdoser med orfenadrin do-
minerer de antikolinerge symptomene. Ved
mer alvorlige forgiftninger kjennetegnes det
kliniske bildet av en generell intoksikasjon
med koma, kramper, apné, hjerterytmefor-
styrrelser (initialt takykardier, etter _hvert
bradyarytmier) og sjokk. Til tross for be-
handling som inkluderer assistert ventila-
sjon og adekvat krampebehandling, kan ut-
gangen likevel vare fatal. I slike tilfeller dor
pasienten oftest pd grunn av den kardiotok-
siske effekten av orfenadrin; enten av rytme-
forstyrrelsene eller etter hvert som resultat
av hjertets svekkede kontraktilitet og et der-
av felgende kardiovaskulert kollaps (2, 13).

Overdoser kan ha fatal utgang fi timer
etter inntak, vanligvis i lapet av 2—5 timer,
men bevisstlashet og ded er rapportert etter
henholdsvis 30 og 90 minutter (14). Obduk-
sjonsfunn inkluderer hjernesdem, lunge-
odem, levernckrose og nyrestuvning (11, 14).

Behandlingen av overdosetilfeller er sym-
ptomatisk. Fysostigmin kan brukes som an-
tidot ved antikolinerge syndromer. Dette
medikamentet, som krysser blod-hjerne-bar-
rieren, frarides imidlertid brukt ved alvor-
lige orfenadrinforgiftninger (2, 13).

Biperiden
DDD er 10 mg, vanlig maksimaldosering er
12 mg, men opptil 16 mg daglig kan anven-
des klinisk. Medikamentet finnes som tab-
letter som inneholder 2 mg, og som injek-
sjonsvaske, inneholdende 5 mg/ml biperi-
den. Absorpsjonen er rask og fullstendig et-
ter oralt inntak. En omfattende presystemisk
metabolisme er ansvarlig for at kun ca. 30 %
av den inntatte dose ndr den systemiske sir-
kulasjonen. Tilsynelatende distribusjonsvo-
lum er sveert stort. Biperiden metaboliseres i
leveren, og metabolittene utskilles primert i
urin. Ikke-metabolisert morsubstans er ikke
pévist i urin. Halveringstiden i plasma/se-
Tum etter peroralt inntak av subterapeutiske
enkeltdoser er malt til 18—24 timer. Biperi-
den er hoygradig proteinbundet, og mulig-
heten for fortrengningsinteraksjoner ber
overveies ved samtidig bruk av andre medi-
kamenter med proteinbindingsgrad oversti-
gende 90%. Eldre pasienter kan eliminere
medikamentet langsommere enn yngre (2).
Doseavhengige bivirkninger er knyttet til
den antikolinerge effekten, som nevnt for or-
fenadrin. I tillegg kan noen pasienter opp-
leve tretthet og letargi. Doseuavhengige bi-
virkninger synes ikke & vare rapportert. Det
er heller ikke rapportert dedsfall knyttet til
overdosering av biperiden. Dette bekreftes
av Romano & DiBono (21). Systematiske
farmakokinetiske studier med pasienter pa
kontinuerlig biperidenterapi forefinnes s&
vidt vites ikke, men det synes som om vanlig
terapeutisk bruk av medikamentet er asso-
siert med blodkonsentrasjoner i storrelses-
orden inntil 300 nmol/l (18). Det foreligger

en rapport om to intoksikasjoner etter mins-
teinntak av 200 mg og 60 mg biperiden (22).
Pasientene hadde blodkonsentrasjoner ved
innkomst i sykehus pa henholdsvis 890
nmol/l (12 timer etter inntak) og 250 nmol/l
(fire timer etter inntak). Begge pasienter ut-
viklet et akutt antikolinergt syndrom og ble
behandlet med fysostigmin. Tilstanden nor-
maliserte seg i lepet av 36—48 timer. Grun-
nen til den mulige diskrepansen mellom
angitt terapiomréde (18) og den noe lavere
konsentrasjonen som ble malt i ett av over-
dosetilfellene (22), kan vere at antikolinerg
pavirkning i mindre grad tolereres nar ut-
fordringen er akutt og adaptasjon alts3 ikke
har kunnet finne sted.

Assistert ventilasjon kan bli nedvendig
ved sterre overdoser, og arytmier kan ogsd
komplisere tilstanden. Biperiden forsinker
ventrikkeltemmingen, slik at mageskylling
anbefales gjort, selv i tilfelle hvor tidsinter-
vallet etter inntak er i sterrelsesorden atte
timer (2).

Benztropin

DDD er 2 mg og maksimaldosering 6 mg.
Medikamentet er formulert som tabletter
som hver inneholder 2 mg av virkestoffet.
Vi har ikke funnet arbeider som beskriver
benztropins farmakokinetikk eller metabo-
lisme.

Doseavhengige bivirkninger er knyttet til
medikamentgruppens antikolinerge effek-
ter, som beskrevet ovenfor. Det er rapportert
ett dadsfall etter paralytisk ileus (23) og ett
dedsfall som felge av heteslag hos en pa-
sient som brukte benztropin under en hete-
bolge (24). Dedsmekanismen i det siste til-
fellet ble antatt 4 veere en benztropinindusert
hemning av svettesekresjonen og samtidig
forstyrret  hypotalamisk varmeregulering
grunnet bruk av klorpromazin. Catterson &
Martin (25) refererer et dedsfall etter en
sannsynlig overdose av benztropin. Pasien-
ten ble feildiagnostisert som rammet av et
malignt neuroleptikasyndrom, og initiert
fysostigminbehandling ble avsluttet. Han
hadde tatt en ukjent mengde benztropin, og
medikamentkonsentrasjonen i fullblod 24
timer etter deden var 124 nmol/l. Forfatterne
ansldr at terapeutisk bruk av benztropin er
assosiert med blodkonsentrasjoner i storrel-
sesorden inntil ca. 80 nmol/l (25). del Villar
& Liddy har rapportert to dedsfall etter inn-
tak av ukjente mengder benztropin (26).

Misbruk av benztropin er rapportert. Vi
har ikke funnet doseuavhengige bivirknin-
ger omtalt.

Konklusjon

Neuroleptikainduserte ekstrapyramidale bi-
virkninger kan vazre meget plagsomme, men
er i seg selv ikke farlige. Bivirkningene kan
til en viss grad minimaliseres ved 4 trappe
opp neuroleptikadoseringen gradvis og be-
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nytte moderate doser. Antikolinerge antipar-
kinsonmidler brukes i det alt vesentlige for &
lindre disse bivirkningene. I Norge er orfen-
adrin det klart mest brukte medikamentet
innen denne gruppen.

Orfenadrin er et toksisk medikament. Ved
relativt moderate overdoser kan dedsfall
inntre raskt. Intoksikasjoner er vanskelige &
behandle. Kontinuerlig bruk kan fore til end-
ret farmakokinetikk, med uforholdsmessig
heye blodkonsentrasjoner og starre risiko
for doserelaterte bivirkninger som falge.

Biperiden og benztropin er betydelig
mindre farlige. De toksiske effektene ved
overdosering er knyttet til deres antikoliner-
ge egenskaper, og ber i de fleste tilfeller
kunne behandles med godt resultat i syke-
hus. Benztropin er péfallende mangelfullt
beskrevet i litteraturen.

Antikolinerge antiparkinsonmidler har
betydelige bivirkninger, ogs i terapeutiske
doser. De ber derfor brukes restriktivt. Hvis
en velger 4 forskrive et slikt medikament,
ber biperiden vere ferstevalg. I lys av medi-
kamentets uttalte akutte toksisitet synes en
innskrenkning av indikasjonene for bruk av
orfenadrin 4 vare berettiget.
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Vi har gjennomgitt samtlige obduk-
sjonssaker mottatt ved Statens retts-
toksikologiske institutt i 11-irsperioden
1986—96 hvor det ble pavist et antiko-
linergt antiparkinsonmiddel i innsendt
blodpreve. Det dreier seg om 69 saker.
Av disse ble det funnet orfenadrin hos
57 (83 %), biperiden hos tte (12 %),
procyklidin hos tre (4 %) og triheksyl-
fenidyl/benzhexol hos en (1%). Av 21
tilfeller hvor dedsérsaken ble vurdert &
std i overveiende sannsynlig (18/21)
eller mulig (3/21) sammenheng med
inntak av medikamenter tilhorende
denne gruppen, hadde alle tatt orfe-
nadrin. Hos disse 21 pasientene ble
det ved obduksjon pavist orfenadrinni-
véer i sterrelsesorden 4,5-600 pwmol/l
(gjennomsnitt 62,5 pmol/l, SD 126,5
pmol/l). Materialet er ikke representa-
tivt, og betydelige merketall ma péreg-
nes. Vi konkluderer likevel med at
bruk av orfenadrin synes & generere
langt flere overdosededsfall enn andre
medikamenter i denne gruppen, ogsd
ndr det justeres for en relativ markeds-
dominans.

Tre antiparkinsonmidler av antikolinerg
type er registrert i Norge: orfenadrin, biperi-
den og benztropin. To tilsvarende medika-
menter, triheksylfenidyl/benzhexol og pro-
cyklidin, ble avregistrert i henholdsvis 1995
og 1996. Orfenadrin er det klart mest brukte
av disse stoffene i Norge. Siden det forelig-
ger en rekke rapporter om letale intoksika-
sjoner etter bruk av orfenadrin i internasjo-
nal litteratur (1), ensket vi 4 undersgke den
relative forekomsten av overdosedgdsfall
med medikamenter som tilherer denne grup-
pen. Slike sammenliknende studier er, sd
vidt vi kjenner til, tidligere ikke gjennomfort
for disse stoffene.

Materiale og metode

Alle obduksjonssaker registrert ved Statens
rettstoksikologiske institutt i drene 1986-96
hvor blodpraver var positive pa antikolin-
erge antiparkinsonmedikamenter, ble gjen-
nomgétt. Det dreier seg om til sammen 69
dodsfall hos 24 kvinner og 45 menn, med en
gjennomsnittsalder pa 44 ar (16—80 &r).

I hvert tilfelle ble det vurdert om dods-
arsaken overveiende sannsynlig hadde
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All autopsy samples received at the National In-
stitute of Forensic Toxicology during the years
1986—-1996 which contained anticholinergic anti-
parkinsonian drugs were reviewed. Of a total of
69 cases, orphenadrine was present in 57 (83 %),
biperiden in 8 (12 %), procyclidine in 3 (4 %), and
trihexyphenidyl/benzhexol in 1 (1 %) of the sub-
jects. The measured concentrations were assessed
in light of previously published data. Of 21 cases
where causality between drug ingestion and death
was classified as either highly probable (18/21) or
possible (3/21), all subjects tested positive -for
orphenadrine. In the autopsy samples from these
patients, orphenadrine concentrations in the
4.5-600 pmol/l range (mean 62.5 pmol/l, SD
126.5 pumol/l) were determined. Because of a low
national autopsy rate, there is reason to believe
that the actual numbers of drug-related deaths in
this period may have been significantly higher. It
is concluded that orphenadrine is responsible for
a disproportionally high number of overdose
deaths.

sammenheng med en overdose av et antiko-
linergt medikament («sannsynlig»), om &r-
saken muligens hadde sammenheng med
overdose av et antikolinergt medikament
(«mulig»), eller om det var lite sannsynlig/
usannsynlig at et av de aktuelle medikamen-
tene hadde spilt en rolle ved dedsfallet. Det
presiseres at denne vurderingen er gjort pa
basis av resultatene av analyser foretatt ved
instituttet og opplysninger fra obdusent, slik
hos disse fremgar av rekvisisjonsskjema.
Alle tilfeller med opplysninger om andre
dodsarsaker er ekskludert. Vi har ikke hatt
tilgang til de endelige obduksjonsrapportene
i sakene.

Obduksjonsmaterialet er sammenholdt
med salgstall for de forskjellige medikamen-

tene, slik dette er oppgitt i definerte degndo-
ser (DDD)/1000 individer/degn fra Norsk
Medisinaldepot.

Resultater

Totalt ble det funnet 69 enkeltsaker hvor
blodpreve inneholdt et antikolinergt antipar-
kinsonmedikament. Av disse inneholdt 57
(83 %) prover orfenadrin, mens de gvrige 12
(17 %) fordelte seg med atte biperidenpositi-
ve praver, tre prosyklidinpositive prover og
en prove som var positiv pa triheksylfenidyl/
benzhexol. De som hadde tatt orfenadrin,
var i gjennomsnitt 44 &r (16—80 &r) da de
dede, mens de tilsvarende tall for de andre
12 individene var 42 &r (20—69 ar) .

Figur 1 viser de arlige salgstallene for
antikolinerge antiparkinsonmidler i Norge i
den aktuelle perioden, oppgitt av Norsk Me-
disinaldepot.

Tabell 1 oppgir «sannsynlige» og «muli-
ge» medikamentforarsakede dedsfall for de
ulike medikamentene, sammenholdt med
gjennomsnittlig salg i 1l-drsperioden. For
triheksylfenidyl/benzhexol er gjennomsnit-
tet regnet ut over ti ar.

Summen av de «sannsynlige» og «muli-
ge» intoksikasjonsdedsfallene utgjer for or-
fenadrins vedkommende totalt 21 individer,
med alder fra 16 til 66 ar rundt et gjennom-
snitt pa 36,3 ar; ni kvinner og 12 menn.
Andre legemidier/rusmidler ble pévist hos
16 (76 %) av disse 21. I seks (29 %) av analy-
serekvisisjonene foreld det opplysninger om
sannsynlig suicid. Hos de 21 individene ble
det pavist orfenadrinkonsentrasjoner pa
4,5-600 pmol/l (gjennomsnitt 62,5 pmol/l,
SD 126,5 pmol/l).

Av disse 21 sakene omfatter de «mulige»
orfenadrindedsfallene tre pasienter. En av
disse pasientene hadde en orfenadrinkon-
sentrasjon pa 7 umol/l1 titlegg til en klorpro-
mazinkonsentrasjon pa 5 pmol/l; et toksisk,
men ikke sikkert letalt nivé (2). De to andre
tilfellene hadde blodkonsentrasjoner av or-
fenadrin pa henholdsvis 4,5 og 6 pmol/, og
det forela ikke opplysninger om annen mu-
lig dedsarsak.

De paviste orfenadrinkonsentrasjonene
hos de tre gruppene som totalt omfatter alle
de 57 orfenadrinpositive individene fremgar
av figur 2.

Blant de 69 pasientene som utgjor dette
materialet, ble det i blodprave tatt ved ob-
duksjon pavist neuroleptika hos 42 %. Hos
44 % av de 18 pasientene hvor deden med

Tidsskr Nor Laegeforen nr. 1, 1998; 118: 42—4



DDD/1000 Innbyggere/degn
0,7

4 Benztropin
5 Procyklidin

1000 +
0,61
N j/\
1
Ll 100 +
03 2
02
0,1 S |
E 10 +
0
1986 1988 1990 1992 1994 1996
1 Orfenadrin
2 Biperiden
3 Triheksylfenidyl/benzhexol

Ikke

Konsentrasjon (pmol/l)

.

Mulig
forgiftning

Sannsynlig

Figur 1 Salgstall (definerte dogndoser/1000 innbyggere/
dogn) for fem antikolinerge antiparkinsonmedikamenter for pe-
rioden 1986-96. Triheksylfenidyl/benzhexol og procyklidin ble
avregistrert henholdsvis i 1995 og 1996

Figur 2 Blodkonsentrasjoner (gjennomsnitt + ett standardav-
vik) av orfenadrin i til sammen 57 enkeltsaker hvor medikamentet
ble pavist i obduksjonsprover. Sakene er klassifisert i tre grup-
per, hvor orfenadrin neppe har fordrsaket dadsfallet (blodkon-
sentrasjon < 4,5 pmol/l, n = 36), hvor det foreligger en mulig
sammenheng mellom legemiddelinntaket og dodsfallet (blodkon-
sentrasjon 4,5-13 wmol/l, n = 3) og hvor det er overveiende
sannsynlig at orfenadrin har fordrsaket doden (blodkonsentra-
sjon > 13 umol/l, n = 18). Klassifiseringen er skjonnsmessig

overveiende sannsynlighet ble antatt & vaere
forrsaket av orfenadrin, ble det pavist neu-
roleptika i blodet.

Diskusjon

Vi har forsokt 4 kategorisere dedsfallene
som overveiende sannsynlig, muligens eller
ikke fordrsaket av inntak av et antikolinergt
antiparkinsonmiddel. Grensene mellom dis-
se kategoriene ma nedvendigyvis bli skjenns-
messige og til en viss grad uklare. Blant
annet ber det i vurderinger av denne type
inngd omfattende viten om de forskjellige
medikamentenes farmakokinetiske og far-
makodynamiske egenskaper, potensielle in-
teraksjoner i de tilfellene der pasienten har
brukt flere medikamenter, og vedkommende
pasients generelle helsetilstand. Slik infor-
masjon foreligger bare i beskjeden grad.
Grunnlaget for inndelingen er malte medika-
mentkonsentrasjoner i fullblod, sammen-
holdt med konsentrasjon-effekt-forhold for
letale intoksikasjoner slik dette fremgar av
den internasjonale litteraturen pa omradet.
Der dette har foreligget, har opplysninger
om annen sikker eller mulig dedsirsak i
hvert enkelt tilfelle vert til hjelp.

I oversiktsarbeider varierer angivelser for
nedre grense av letale konsentrasjoner for
orfenadrin i blod fra 13,4 pmol/l (2) til 14,8
pumol/l (3). Det finnes imidlertid flere rap-
porter om betydelig lavere blodkonsentra-
sjoner hos individer antatt dede av orfena-
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drinoverdose (4, 5). Vi har valgt 4 definere
13 pmol/l som nedre grense for & konkludere
med at orfenadrin alene og med overveiende
sannsynlighet har fort til deden, men har og-
sd vurdert muligheten for at blodkonsentra-
sjoner ned mot 4 pmol/l kan vare dadelige.
Disse grensene er, slik vi oppfatter litteratu-
ren pa omradet, restriktive i forhold til krite-
rier som andre har benyttet (4, 5).

Det finnes ingen rapporterte dedsfall
knyttet til overdose av biperiden i litteratu-
ren (6), og informasjon om mulige sammen-
henger mellom biperidenkonsentrasjoner og
dedsfall er ikke tilgjengelig. Det er ogsd
ukjent hvilke konsentrasjoner av benztropin
som kan vare potensielt letale.

Vi har funnet fem dedsfall knyttet til
overdose med benztropin beskrevet i littera-
turen, men ingen av tilfellene gir grunnlag
for 4 estimere en mulig nedre grense for letal
blodkonsentrasjon (7—10).

Det finnes heller ingen rapporter om
dodsfall etter overdose av triheksylfenidyl/
benzhexol (11), og informasjon om eventuel-
le toksiske konsentrasjoner for procyklidin
er ikke tilgjengelig.

I de prevene hvor vi registrerte andre anti-
kolinerge medikamenter enn orfenadrin, var
de aktuelle konsentrasjonene — sa langt dette
kunne vurderes —lavere enn hva som er satt i
forbindelse med livstruende intoksikasjoner
med disse stoffene.

Tabell 1 Obduksjonssaker sendt til Statens rettstoksikologiske institutt i tiden
198696 hvor det ble pavist et antikolinergt antiparkinsonmedikament i blodpreve

Gjennomsnittlig
Overdose Overdose  arlig salg  Gjennomsnittlig
Positiv  sannsynlig mulig  (DDD/1000 markeds-
blodprove dedsirsak dedsérsak innb/degn) andel (%)
Orfenadrin 57 18 3 0,53 44,5
Biperiden 8 0 0 0,23 19,3
Benztropin 0 0 0 0,09 7,6
Triheksylfeni-
dyl/benzhexol 1 0 0 0,26 21,9
Procyklidin 3 0 0 0,08 6,7
Totalt 69 18 3 1,19 100
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De antikolinerge antiparkinsonmedika-
mentene som er registrert i Norge, har — med
unntak for biperiden — vert gjenstand for en
reduksjon i salget i den 11-arsperioden som
denne undersekelsen strekker seg over (fig
1). Orfenadrin er det mest solgte i denne me-
dikamentgruppen, med en gjennomsnittlig
arlig markedsandel i perioden 1986-96 pa
44,5 %. Med bruk av vare estimater for letale
blodkonsentrasjoner fremkommer det at alle
de 18 dedsfallene som med sikkerhet kan
knyttes til overdose med antikolinerge anti-
parkinsonmidler i materialet, er forrsaket
av orfenadrin (tab 1). De tre tilfellene med
orfenadrinkonsentrasjoner mellom 4,5 og 13
pumoV/1 som finnes i materialet, er alle klassi-
fisert som «mulige» orfenadrininduserte
dedsfall. Vi anser sannsynligheten for at dis-
se tre dedsfallene reelt sett er forirsaket av
orfenadrinoverdoser som stor. Vare data
omfatter ingen dedsfall som kausalt kan
knyttes til noen av de andre medikamentene
i denne gruppen. Disse funnene viser etter
var oppfatning klart at orfenadrin er i en sar-
klasse blant antikolinerge antiparkinson-
midler nér det gjelder akutt toksisitet, noe
som for gvrig samsvarer godt med den litte-
raturen som finnes pa omréadet (1).

Selv om tendensen synes klar, m4 det un-
derstrekes at dette materialet i beste fall kun
uttrykker relative sammenhenger. Obduk-
sjonsfrekvensen i Norge er lav og variabel.
Rundt 1990 var det en topp i den rettsmedi-
sinske obduksjonsraten pa ca. 7%, i 1994
var den falt til 4,4 % (12). Virt materiale er
apenbart mangelfullt, og det synes ikke
urimelig & anta at det kan finnes betydelige
merketall hva angér orfenadrininduserte for-
giftninger. Detaljert informasjon om de
enkelte tilfellenes forhistorie og om obduk-
sjonsresultatene kan ogsé forrykke bildet.

Orfenadrin er i pafallende grad overrepre-
sentert i totalmaterialet; i 83 % av de tilfelle-
ne som fylte inklusjonskriteriene foreld det
en positiv blodprave som viste tilstedeva-
relse av orfenadrin. Dette er dobbelt s mye
som salgstallene for dette medikamentet
skulle tilsi, noe som i utgangspunktet er
vanskelig a forklare. Liten variabilitet i gjen-
nomsnittsalderen til dem som dede med or-
fenadrin eller andre antikolinergika i blodet,
gir ikke grunnlag for 4 anta at skjevfordelin-
gen skyldes at orfenadrin gis til eldre pasien-
ter. Siden pavisningsgrensen for alle disse
stoffene i rettstoksikologisk sammenheng i
denne tidsperioden har vart 200 nmol/l, og
noen av medikamentene (som for eksempel
benztropin og biperiden) er farmakologisk
aktive i betydelig lavere konsentrasjoner,
kan det imidlertid ikke utelukkes at analytis-
ke forhold i seg selv kan ha dreid praksis
bort fra rekvirering av noen av disse stoffe-
ne. N4r det gjelder benztropin, har det inter-
essant nok ikke vert en eneste forespersel
fra obdusent om analyser med henblikk pa
dette stoffet i den samlede 11-arsperioden.
Dette reflekterer sannsynligvis at medika-
mentet har en lav akutt toksisitet, men kan
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ogsd ha bidratt til 4 gi vare data betydelig
metodologisk slagside.

Den overveiende del av bruken av disse
medikamentene knyttes til behandling av
neuroleptikaindusert  parkinsonisme.  Et
annet pafallende funn i dette materialet er at
godt over halvparten av de 69 pasientene
ikke hadde malbare neuroleptikamengder i
blodet. Dette kan gi grunn til mistanke om at
pasienter tar forskrevne neuroleptika i mind-
re omfang enn antatt. Alternativt kan det hel-
ler ikke utelukkes at antikolinerge medika-
menter forskrives til andre enn pasienter
med neuroleptikainduserte bivirkninger.

Konklusjon

Overdoser med orfenadrin har forirsaket en
rekke dodsfall i Norge de siste 11 &r. Ingen
av de andre antikolinerge antiparkinsonmid-
lene som har vert i salg i denne perioden,
kan med sikkerhet knyttes til overdosededs-
fall. Til tross for at materialet er ufullsten-
dig, tyder vare data pa at orfenadrin er det
klart mest toksiske av disse medikamentene,
mens risikoen for suicid eller aksidentell
dad etter overdose er langt mindre for bru-
kere av de andre medikamentene i denne
gruppen.

Vi takker Marianne Saugestad, Norsk Medisinal-
depot, for & ha fremskaffet salgstallene for antiko-
linerge antiparkinsonmidler i den aktuelle tids-
perioden.
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Errata
Paper 6

The lower panel in Figure | in Paper 6 (Effect of warnings in a medical
journal on the use of orphenadrine), does not differentiate Denmark from
Sweden. The curve for Denmark starts slightly below the curve for
Sweden and ends higher.

Paper 3

In the published version of Paper 3 (Prescription persistence and safety of
antipsychotic medication: a national registry-based 3-year follow-up) the
following changes have been made compared to the original manuscript
(the original version in square brackets):

Table 2: ’Risk of death by the end of 2007 for patients using
antipsychotic drugs in 2004, expressed as odds ratio (OR) and 95%
confidence interval (CI)...” [Odds ratio (OR) for patients using
antipsychotic drugs in 2004 of having died at the end of 2007.]

Table 3: Likelihood that patients using antipsychotic drugs in 2004
would remain with the same antipsychotic drug in 2007, expressed as
odds ratio (OR) and 95% confidence interval (CI)...” [Odds ratio (OR)
for patients using antipsychotic drugs in 2004 of staying with the same
antipsychotic drug in 2007.]

Introduction: ..., all antipsychotic agents would be evaluated in the
same way.” [ ..., this would require that all antipsychotic agents were
evaluated in the same way.]

Material and methods: ..., use of a drug primarily in institutions might
indicate that psychiatrists prefer it as treatment for the most severely...”
[..., drugs which were primarily used in institutions might indicate which
drugs the psychiatrists preferred as treatment for the most severely...]

”comprised patients” [was constituted by patients]

Results: “’the group using chlorprotixene” [the chlorprotixene using
group]

..., use of anticholinergics and use of specific antipsychotics ™ [..., if
the patient used anticholinergics and the use of specific antipsychotics]

Discussion: “’prior to” [preceeding]

A few misspellings have been corrected.
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