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Abstract With the widespread use of atypical or second-

generation antipsychotics, switching treatment has become

current practice and more complicated, as the pharmaco-

logical profiles of these agents differ substantially despite

their similarity in being ‘atypical’. All share the ability to

block dopamine D2 receptors, and most of them also block

serotonin 5-HT2A receptors. Apart from these common

features, some atypical antipsychotics are also able to

block or stimulate other dopamine or serotonin receptors,

as well as histaminergic, muscarinergic or adrenergic

receptors. As a result of the varying receptor affinities, in

switching or discontinuing compounds several possible

pitfalls have to be considered, including the occurrence of

withdrawal and rebound syndromes. This article reviews

the pharmacological background of functional blockade or

stimulation of receptors of interest in regard to atypical

antipsychotics and the implicated potential withdrawal and

rebound phenomena. A MEDLINE search was carried out

to identify information on withdrawal or rebound syn-

dromes occurring after discontinuation of atypical anti-

psychotics. Using the resulting literature, we first discuss

the theoretical background to the functional consequences

of atypical antipsychotic-induced blockade or stimulation

of neurotransmitter receptors and, secondly, we highlight

the clinical consequences of this. We then review the

available clinical literature on switching between atypical

antipsychotics, with respect to the occurrence of with-

drawal or rebound symptoms. Finally, we offer practical

recommendations based on the reviewed findings. The

systematic evaluation of withdrawal or rebound phenom-

ena using randomized controlled trials is still understudied.

Knowledge of pharmacological receptor-binding profiles

may help clinicians in choosing adequate switching or

discontinuation strategies for each agent. Results from

large switching trials indicate that switching atypical

antipsychotics can be performed in a safe manner. Treat-

ment-emergent adverse events during or after switching are

not always considered to be, at least in part, associated with
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the pre-switch antipsychotic. Further studies are needed to

substantiate the evidence gained so far on different

switching strategies. The use of concomitant medication,

e.g., benzodiazepines or anticholinergic drugs, may help to

minimize symptoms arising from the discontinuation or

switching of antipsychotic treatment.

1 Introduction

With the introduction of new compounds, a multitude of

atypical antipsychotics have become available for the

treatment of schizophrenic disorders. This situation has led

to more frequent switching of medication in the case of

adverse events (AEs) or ineffective treatment. Although all

second-generation antipsychotics are called ‘atypical’, they

form a heterogeneous group of substances differing sub-

stantially in their receptor-binding profiles and resulting

clinical consequences (see Table 1).

The likelihood of receptor-mediated effects occurring can

be anticipated to a certain extent on the basis of these

receptor-binding profiles, taking expected occupancy of

these receptors under therapeutic conditions into account.

The main receptor-mediated effects of atypical antipsychot-

ics occur via dopaminergic, serotonergic, histaminergic,

cholinergic and adrenergic pathways. It has been proposed

that symptoms associated with the discontinuation of psy-

chotropic drugs be separated into three different types [1]: (1)

withdrawal symptoms (minor and major new symptoms [2])

(2) rebound syndromes and (3) supersensitivity syndromes

[1, 3–5]. Withdrawal symptoms are characterized by the

appearance of somatic symptoms after discontinuation of

psychotropic drugs such as withdrawal-induced hyperther-

mia after discontinuation of clozapine [6]. Rebound phe-

nomena comprise serotonergic, histaminergic and

cholinergic rebound [7–11]. Supersensitivity syndromes

subsume tardive dyskinesias (TD) and supersensitivity psy-

chosis, sometimes also called ‘‘rapid-onset psychosis’’ [12].

In Sect. 2 of this article, we discuss the theoretical back-

ground to the functional consequences of atypical antipsy-

chotic-induced blockade or stimulation of various receptors.

The clinical consequences of this are highlighted in Sect. 3.

Furthermore, a brief overview in table form of the different

receptor subtypes, their distribution in the CNS and of

symptoms resulting after receptor blockade or upon stimu-

lation are presented in Tables 2, 3, 4, 5 and 6. In Sect. 4,

literature is reviewed for relevant symptoms associated with

switching or discontinuation of the various atypical anti-

psychotics and practical recommendations are given when

considering switching to a certain compound. In many cases

treatment-emergent AEs (TEAEs) are interpreted as being

related to the newly prescribed medication, leading to

unnecessary discontinuation of the new compound. In this

regard, knowledge of withdrawal syndromes is crucial for

planning adequate switching strategies. In the last part of this

review, we summarize important aspects of switching or

discontinuation of atypical antipsychotics.

2 Theoretical Background

2.1 Dopamine

Pharmacological and genetic analyses differentiate between

dopamine D1 (D1- and D5) and D2 (D2-, D3- and D4) type

receptors [13–15]. All efficacious and approved antipsychot-

ics block D2 receptors, however to a different extent (see

Table 1).

There are four different dopaminergic pathways in the

CNS [16, 17]. Distribution of D1–4 receptors in the brain,

functional effects upon blockade or stimulation and their

relevance to schizophrenia are shown in Table 2.

To comprehend rebound and withdrawal phenomena

relating to dopaminergic receptor functions it is important

to understand the pathophysiology of motor AEs resulting

from a blockade of these receptors (see Table 2). Early

dyskinesia probably derives from an overshooting, contra-

regulatory dopamine release, whereas parkinsonism is a

consequence of a striatal dopamine reduction. The phar-

macological mechanism of akathisia is still unclear. Late

dyskinesia is attributed to a hypersensitivity of striatal

postsynaptic dopamine receptors [18, 19]. The exact

pathophysiological mechanism of neuroleptic malignant

syndrome is likewise unknown, although it has been sug-

gested that this phenomenon might be due to an almost

complete blockade of D2 receptors [20].

It has been further hypothesized that in schizophrenia D2

receptors are generally in a high affinity state, making

schizophrenic patients supersensitive to dopamine [21].

Apart from pharmacological effects that are attributed to

certain receptor subtype functions, there are numerous inter-

actions of receptor subtypes both within a class of receptors,

e.g. D1 receptors interacting with D2 receptors, and between

different classes of receptors, e.g. D2 receptor function inter-

acting with serotonin 5-HT2A function (see Table 7).

Some of these receptor interactions (see Table 7) have

been proposed to form the basis of the ‘atypical’ properties

of atypical antipsychotics, leading to a lower propensity

than typical antipsychotics to cause extrapyramidal motor

symptoms (EPMS) and TD and having at least some effects

on negative and cognitive symptoms [22].

2.2 Serotonin

There are several subtypes of serotonergic receptors (5-

HT1–5-HT7) [23, 24]. Expression profiles of the most
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important 5-HT-receptor subtypes and their functional

effects upon blockade or stimulation are shown in Table 3.

Some of the ‘atypical’ features of antipsychotics have

been related to the stimulation/blockade of serotonin

receptor subtypes (see Tables 3, 7) (for review see also

MacDonald and Bartolome [25]) [22, 26–28].

2.3 Histamine

The distribution of the four histaminergic receptors in the

brain and the functional impact of a blockade or stimula-

tion of the different subtypes are presented in Table 4.

Along with other receptors (5-HT2A, 5-HT2C, a1, a2 and

M3), the histamine H1 receptor seems to be important in the

moderation of weight gain [29]. Furthermore, histamine

receptors are involved in cognitive processes and cortical

activation or sedation.

2.4 Acetylcholine

To date, five muscarinergic receptors have been found in

humans. Expression of the receptor subtypes and their

postulated functional effects upon blockade and stimula-

tion are presented in Table 5.

The muscarinergic signal transduction has gained

importance in the understanding of the pathophysiology

of schizophrenia [30–34]. M1 receptors seem to be

important for cognitive functioning [33, 35–37] and

development of EPMS (see Table 7). That is why anti-

cholinergic compounds such as biperidene are applied to

treat EPMS in schizophrenic patients. However, anticho-

linergics can also lead to a worsening of cognitive func-

tions, in addition to their peripheral muscarinergic effects

like dry mouth, tachycardia, obstipation or urinary

retention [33].

2.5 Adrenaline, Noradrenaline (Norepinephrine)

Adrenoreceptors are divided into three families with three

to four subtypes each (a1 adrenoreceptors: a1A, a1B, a1D,

a1L; a2 adrenoreceptors: a2A/D, a2B, a2C; and ß adrenore-

ceptors: b1, b2, b3, b4) [38].

The central and peripheral distribution of a adrenore-

ceptors and functional effects upon blockade and stimula-

tion are shown in Table 6.

As a result of a negative feedback mechanism, a2-

adrenoreceptor antagonists work as indirect sympathomi-

metics: a blockade of the inhibitory a2 adrenoreceptor

results in an increased noradrenergic flux in the synaptic

gap. This is used therapeutically to increase male sexual

functions and improve depressive mood, and is probably

also related to an increase of cognitive functions [39, 40].

The blockade of a2 receptors is, among other hypotheses,

thought to be responsible for the atypical properties of

some atypical antipsychotics [8] (see Table 7).

3 Clinical Relevance of Antipsychotic Receptor Binding

for Switching and Discontinuing Treatment

3.1 Dopamine Receptors

In animal models, an experimentally induced lack of

dopamine results in a postsynaptic hypersensitivity of the

nigrostriatal system [41]. Such an increase in hypersensi-

tivity has been thought to be responsible for the occurrence

of TD after longer treatment durations with D2 receptor

antagonists, especially with high-potency conventional

antipsychotics [42]. After abrupt discontinuation of such

substances or switching to quetiapine or clozapine, two

compounds only binding at the D2 receptor for a short

period of time [43–45], withdrawal dyskinesia, rebound

parkinsonism or rebound akathisia might occur [46].

Davis and Rosenberg [47] postulated that there might be

a similar mechanism in the limbic system as a potential

consequence of the hypersensitivity of dopamine receptors

in analogy to the proposed mechanism of TD. This

hypothesis is the basis for the concept of supersensitivity

psychosis [3], indicating a compensatory up-regulation and

corresponding increase of receptors occurring during anti-

psychotic treatment.

After an abrupt discontinuation of dopamine antago-

nists, a rebound psychosis might develop due to the

up-regulation of receptors through a higher sensitivity for

the physiologically released dopamine—based on this

assumption also called supersensitivity psychosis (for

review see Moncrieff [12] and Borison [7]). Another

hypothesis is that substances that rapidly dissociate from

the dopamine receptor (e.g., clozapine or quetiapine) are

associated with a higher risk of rebound psychosis [43–45,

48]. Numerous studies exist, in particular for clozapine,

reporting rebound psychosis after withdrawal [49–55] (see

also Moncrieff for review [12]). The same accounts for

reports on dystonias and dyskinesias following cessation of

clozapine, which were attributed to be withdrawal emer-

gent [56–58]. The incidence of rapid-onset psychosis

(supersensitivity psychosis) after abrupt withdrawal of

clozapine was estimated to be as high as 20.1 % in total

and 13.2 % within 7 days after discontinuation [12].

Other studies have reported supersensitivity or rebound

psychosis following olanzapine withdrawal and during

treatment with quetiapine [48, 59]. Generally, data that

support the supersensitivity psychosis hypothesis are still

lacking and proposed causes speculative [48, 60–63].

A rebound psychosis has to be distinguished from a

re-exacerbation or relapse of symptoms induced by

550 A. Cerovecki et al.
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withdrawal stress. The onset of psychotic symptoms in the

case of re-exacerbation or withdrawal stress-induced

relapse usually occurs more promptly after the reduction or

discontinuation of antipsychotic medication [12], whereas

for rebound psychosis the current literature reports a time

frame of around 6 weeks after discontinuation of oral

medication and 3 months after depot compounds [1].

However, differentiation is not always easy, and the sta-

bility of disease in a particular patient also has to be taken

into account. It should also be borne in mind that, in the

case of rebound psychosis, symptoms should subside faster

on restarting medication compared with a relapse of the

underlying disease. In addition, rebound psychosis, e.g.,

after discontinuation of clozapine might be accompanied

by other withdrawal symptoms like nausea, vomiting,

insomnia, diarrhoea, agitation, headache or sweating,

indicative of e.g., cholinergic rebound [6].

A positive effect of changing treatment from a substance

with high D2-receptor blockade to agents with lower

D2-receptor affinity or partial agonistic properties is the

normalisation of increased prolactin levels and concurrent

sexual dysfunction.

3.2 Serotonin Receptors

There are almost no data available on specific withdrawal

or rebound phenomena associated with the different sero-

tonin receptors. A rebound-induced hyperthermia has been

described for treatment with olanzapine. It is still unclear

which receptors are responsible for this, but serotonin

receptors might be involved [64].

A switch from an atypical antipsychotic with higher

5-HT2A-receptor affinity to a typical antipsychotic in

higher doses might result in a loss of the effect on negative

or cognitive symptoms and development of EPMS.

Positive effects can be attained when switching treat-

ment from e.g., clozapine or olanzapine to risperidone,

aripiprazole or ziprasidone, as this might result in a loss of

body weight due to the lower blockade of 5-HT2C

receptors.

Table 7 Overview of receptor interactions for possible explanation of clinical effects of psychopharmacological drugs relevant for the treatment

of schizophrenia

Receptor interaction Pharmacological characteristic Clinical effect

D1–D2 Simultaneous blockade results in functional

disinhibition of dopaminergic neurons and

counteraction of D2 blockade

Reduction in motor adverse effects,

improvement in motivation and cognitive

functioning

D2–D3 Simultaneous blockade results in functional

disinhibition of dopaminergic neurons and

counteraction of D2 blockade [222]

Reduction of motor adverse effects

5-HT1A–5-HT2A Stimulation of 5-HT1A results in hyperpolarization

of neurons resulting in oppositional effects to

stimulation of 5-HT2A receptors; 5-HT1A agonism

and 5-HT2A antagonism exert synergistic effects

on hyperpolarization of pyramidal neurons in

cortex and hippocampus [337]

Antipsychotic properties [26]

5-HT1A–D2 Stimulation of 5-HT1A counteracts D2 blocking

action in striatum [238–241]

Reduction of motor adverse effects

5-HT2A–D2 High affinity for 5-HT2A and low affinity for D2

receptors and concurrent blockade leads to higher

dopaminergic tonus in striatum [243–246]

Questionable basis for ‘atypical’ properties

5-HT2C–D2 Simultaneous blockade results in counterregulation

of dopaminergic blockade in tuberoinfundibular

pathway

Reduction in prolactin levels

5-HT3–D2 Modulation of mesolimbic and mesocortical

dopamine effects; 5-HT3 antagonists reverse

dopamine-mediated behaviours [338]

Antipsychotic effect

M1–D2 Concurrent blockade attenuates increased

cholinergic tonus in striatum, resulting from

inhibition of the dopaminergic tonus [33]

Reduction in motor adverse effects

a2–D2 a2-Adrenoceptor antagonists increase dopamine

output in the medial prefrontal cortex [40]

Augmentation of antipsychotic effects

D1–a1–5-HT2A Noradrenergic stimulation during stress in prefrontal

cortex interacts with dopaminergic stimulation of

D1 receptors in PFC, a1 and 5-HT2A blockade

attenuate these effects [308]

Stress-mediated cognitive impairment of

working memory in prefrontal cortex and

improvement via a1 and 5-HT2A blockade

[308]
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3.3 Histamine Receptors

In the case of high body mass index (BMI) or lipid dis-

turbances [65] associated with blockade of H1 receptors,

patients may benefit from switching to more weight-neutral

antipsychotics (e.g., aripiprazole or ziprasidone) (see also

review by Buckley and Correll [65]). Apart from positive

effects on weight, discontinuing antipsychotics with high

H1-receptor affinity might result in a decrease of sedation

or rebound insomnia [8, 65, 66].

3.4 Muscarinergic Receptors

A longer-standing blockade of muscarinergic receptors

results in a cholinergic supersensitivity and might evoke

rebound phenomena when treatment is abruptly discon-

tinued [7]. Thus, discontinuing substances with strong

anticholinergic properties (e.g., clozapine or olanzapine)

might result in a cholinergic rebound. Symptoms include

nausea, vomiting, increased sweating or sleeping problems,

or other, flu-like symptoms [11]. However, also agitation,

fear or hallucinations can emerge resembling a newly

developing psychotic episode. In the absence of vegetative

symptoms like nausea or vomiting, the psychiatric symp-

toms of cholinergic rebound are not distinguishable from a

withdrawal stress-enhanced dopaminergically mediated

psychotic syndrome.

A cholinergic rebound might also occur when anticho-

linergic treatment (e.g., biperidene) or treatment with a

lower potency antipsychotic (e.g., levomepromazine) are

discontinued [2, 11].

3.5 Adrenoreceptors

Not much is known about the functional impact of a long-

lasting a1- or a2-adrenoreceptor blockade by antipsychot-

ics. However, it can be assumed that, during treatment with

an antipsychotic drug having a1/a2-antagonistic properties,

a compensatory progression or an increase of sensitivity of

the blocked receptors might emerge.

Correspondingly, after the abrupt discontinuation of a

relevant antipsychotic or after switching treatment to an

antipsychotic without adrenoreceptor-antagonistic prop-

erties, a temporary sympathotonic reaction with an

increase in blood pressure or fear might occur [67–69].

From a clinical point of view the worsening of negative

symptoms and the evocation of rebound phenomena

might be explained by the increase in symptoms of fear

[67]. A rebound-induced hyperthermia has been descri-

bed for clozapine, probably mediated by a1 adrenore-

ceptors [6]. The exact mechanisms are not yet fully

understood [6].

4 Findings from Trials of Switching Strategies

In the above sections, particular symptoms and difficulties

potentially occurring during the switch or discontinuation

of antipsychotic treatment have been described for all

receptors. However, whether these theoretical implications

really occur in clinical practice, how often rebound and

withdrawal phenomena are encountered and whether cer-

tain switching strategies might be associated with higher

frequencies of events becomes more evident when the

results of clinical switching trials are considered.

There are principally four strategies when switching

antipsychotic treatment [65]:

1. Slowly up-titrating the new compound until the

therapeutic dose is reached and afterwards slowly

reducing the previous drug with or without plateau

phase (‘plateau cross-taper switch’).

2. Abruptly switching treatment without titration (‘abrupt

switch’).

3. Slowly up-titrating the new compound with subse-

quent abrupt discontinuation of the previous drug

(‘ascending taper switch’).

4. Slowly discontinuing the previous compound with an

abrupt start of the new drug at a therapeutic dose

(‘descending taper switch’).

Correll subdivides these switching strategies into further

groups (ascending and descending taper switch with a

plateau phase and plateau switch with abrupt initiation and

discontinuation of compounds) so that altogether eight

different switching strategies are available [70]. Several

studies investigating switching from one atypical antipsy-

chotic to another have been conducted (for review see

Edlinger et al. [71]). In Sects. 4.1–4.11, we review some of

the pertinent findings from switching trials.

For this purpose we conducted a literature search using

MEDLINE and EMBASE databases for original research

and review articles published in English or German

between January 1995 and January 2012. The search terms

included ‘atypical antipsychotics’, ‘switching strategies’,

‘each compound name (e.g., olanzapine) AND switching’,

‘each compound name AND each of the remaining com-

pound names’, ‘each compound name AND each of the

terms withdrawal, rebound, supersensitivity’. Additional

articles were retrieved from citations of the articles iden-

tified in the initial search and included if eligible. For the

latest approved compounds (asenapine, iloperidone, lur-

asidone) additional information was obtained by accessing

the http://www.clinicaltrials.gov database entering the

compound name as the search term. Articles published in

peer-reviewed journals were included, meeting abstracts

were not. Only case reports or clinical trials of patients

with schizophrenia or schizoaffective disorders were
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considered. Only articles reporting on either withdrawal/

rebound phenomena or switching to a defined compound

were eligible for the following antipsychotics: amisulpride,

aripiprazole, olanzapine, paliperidone, quetiapine, risperi-

done, sertindole and ziprasidone. As the literature search

retrieved no published switching trials to any of the latest

approved compounds (asenapine, iloperidone, lurasidone),

studies reporting on initiating treatment with any of these

compounds and leading to later approval of the substances

were also included. Switches to treatment with clozapine

were not included given the restrictions on the use of the

drug (second-line treatment only, mainly for refractory

schizophrenia). The most important findings are summa-

rized in Sects 4.1–4.11 in alphabetical order for the agent

switched to. An overview of relevant studies can be found

in Tables (a)–(h) [Online Resource 1].

4.1 Switch to Amisulpride

Only two studies investigated a switch to amisulpride from

other atypical antipsychotics. The number of investigated

patients ranged from 46 to 570 [72, 73]. Patients switched

to amisulpride showed a decrease in weight, lipid and

glucose levels, diastolic blood pressure and pulse rates

using a cross-taper strategy [72]. Overall symptomatology

and EPMS scores did not improve, seven patients dropped

out because of disease exacerbation, and prolactin levels

increased [72].

Until further studies are available, we recommend a

cross-taper switch strategy when switching to amisulpride.

Patients switched to amisulpride may profit from

improvement in weight and lipid metabolism, but may

develop prolactin increase depending on the pre-switch

compound. Because of the lack of antihistaminergic or

anticholinergic properties of amisulpride, switching from

for example clozapine or olanzapine may warrant use of

anticholinergic and sedative substances during the switch-

ing process.

4.2 Switch to Aripiprazole

Patients were switched from olanzapine, risperidone or

other antipsychotics to aripiprazole (number of patients

7–292) [74–89] mostly because of AEs. There was gener-

ally good tolerability regardless of switching strategy

(abrupt, descending taper, cross-taper) over 1–12 weeks.

However, some of these studies were sponsored by the

manufacturer, and results have to be considered with cau-

tion in these cases. Notably, in a pilot study of 15 over-

weight patients switching from different antipsychotics to

aripiprazole with a descending taper switch strategy, five

patients showed exacerbation or fear of symptom worsen-

ing during the 14-day switching period. Four of these

patients were treated with clozapine or olanzapine [78]. In

one study, a patient committed suicide following symptom

exacerbation after an abrupt switch from long-acting

injectable risperidone to aripiprazole [90].

By contrast, there are some reports of patients being

successfully switched from clozapine to aripiprazole [91,

92] (for review see also Kuloglu et al. [93]). N-desmeth-

ylclozapine, the primary active metabolite of clozapine,

and aripiprazole both share partial agonism at D2/D3

receptors and thus partial agonism at these receptors

remains during switching of clozapine to aripiprazole. This

was suggested as the basis for successful switching of both

compounds [92]. A study examining different switching

strategies found no difference between strategies switching

from typical or atypical antipsychotics to aripiprazole, but

showed that duration of illness and type of prior treatment

(typical vs. atypical) were determinants of successful

switching [80]. TEAEs in these studies like insomnia,

somnolence, nausea, vomiting or diarrhoea were usually

attributed to aripiprazole and were not discussed as

potential withdrawal phenomena, e.g., cholinergic rebound

after switch from clozapine [78, 86, 88, 94].

A study investigating three strategies of switching to

aripiprazole showed better treatment outcome in patients

with gradual discontinuation over 4–6 weeks of prior

medication compared with abrupt switch. Interestingly,

patients with a milder form of disease showed the worst

outcome [83, 84]. However, gradual initiation or a fixed-

dose regimen of aripiprazole did not result in statistically

significant different rates of discontinuation due to AEs in

the case of gradually descending titration of risperidone

[85]. Depending on the stability and physical status of

patients, two different initiation regimens of aripiprazole

have been proposed by Mago [95].

See Table (b) [Online Resource 1] for more detailed

information.

Generally, rebound or withdrawal symptoms were not

reported in most of the above-mentioned studies. Patients

did profit from a decrease in weight and prolactin levels

and improvement in lipid profiles, overall symptomatol-

ogy and sexual dysfunction [82]. Switching from cloza-

pine or olanzapine seems to be associated with an

increased risk of rebound psychosis. A descending taper

switch, preferentially with a plateau phase over a time

span of 4–6 weeks depending on prior medication is

recommended when switching to aripiprazole. This rec-

ommendation is based on the long half-life of aripipraz-

ole, although some studies found no differences in TEAEs

comparing switching scenarios from diverse compounds

to aripiprazole [74, 85, 89]. Even though aripiprazole has

the highest affinity at the D2 receptor and will displace all

other atypical antipsychotics from the D2 receptor, it also

exerts about 30 % intrinsic activity. Therefore, higher
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occupancy levels are needed to result in a comparable

antipsychotic effect [9, 96].

4.3 Switch to Asenapine

To date, no specific switching trials have been performed

investigating switching strategies to asenapine; however,

product labelling recommends minimizing the overlapping

of antipsychotic treatment and states that immediate or

gradual discontinuation of prior antipsychotic medication

is acceptable depending on the individual patient [97]. In a

long-term treatment study, Kane et al. [98] reported that

548 of 700 patients treated in the open-label phase of the

study were switched from previous antipsychotic treatment

with a mean duration of 12.6 ± 6.5 days. Studies showed

TEAEs with frequencies C5 % in the form of insomnia,

somnolence, sedation, nausea, anxiety, agitation, parkin-

sonism, akathisia, headache, vomiting, constipation,

(worsening of) psychosis, hypertension (older patients),

dizziness, dyspepsia, asthenia (older patients), upper

respiratory tract infection, urinary tract infection (older

patients), pain, oral hypoesthesia and dry mouth [98–103].

Weight increased with asenapine but to a lesser extent

compared with risperidone or olanzapine, but not to halo-

peridol [98–103]. Prolactin levels were only marginally

higher compared with placebo (9 vs. 2 % of patients with

post-baseline levels C2 times above the upper limit of

normal) [102], and even dropped in the study of Kane et al.

[101]. In the long-term study by Kane et al., patients were

randomized to double-blind treatment with asenapine or

placebo after open-label treatment with asenapine and AEs

were assessed at 7, 14 and 42 days post-randomization to

address potential symptoms from withdrawal from asena-

pine. The authors found no AEs to be definitely associated

with asenapine withdrawal [98]. However, whether any

TEAEs might be attributed to discontinuation of previous

medication was not discussed. In a recent study, patients

with predominantly negative symptoms were started on

asenapine 5–10 mg twice daily or olanzapine 5–20 mg

once daily and tapered off their previous medication over

4 weeks in parallel. Prior medication included risperidone,

olanzapine, quetiapine, haloperidol and aripiprazole [100].

EPMS-related AEs occurred more often in the asenapine

group compared with the olanzapine group, weight gain

and dry mouth occurred more often in the olanzapine group

[100]. Further information on trials conducted with asen-

apine retrieved from http://www.clinicaltrials.gov can be

found in a review by Citrome [104]. According to product

labelling, orthostatic hypotension and syncope may occur

especially during up-titration of asenapine and is reported

to be related to a1-receptor antagonistic properties [97].

Therefore, based on the AE and receptor-binding profile,

nausea, vomiting, dizziness and insomnia might be due to

rebound phenomena in the case of switching from agents

with high muscarinergic M1-receptor affinity to asenapine.

This assumption is corroborated by differences in rates of

nausea and insomnia occurring more often in the group

switched to asenapine compared with patients switched to

olanzapine in the long-term study by Buchanan et al. [100].

Switching to asenapine might be advantageous with respect

to weight gain, metabolic disturbances or prolactin

increase; however, trials investigating switching strategies

are necessary to confirm such hypotheses.

4.4 Switch to Iloperidone

The database search retrieved no specific switching trials.

Studies investigating efficacy and tolerability of iloperi-

done reported on switching from other antipsychotics to

iloperidone with a washout period of 1–3 days [105, 106]

or with abrupt discontinuation of the previous compound

and up-titration of iloperidone thereafter without washout

[107]. An up-titration of iloperidone over a few days is

recommended according to the product label because of the

risk of orthostatic hypotension after initiation. One of the

metabolites has a very high reported affinity for the a1

receptor (P95; Ki: 4.7) [108]. TEAEs comprised orthostatic

hypotension, dizziness, dry mouth, nausea, headache, nasal

congestion, somnolence, insomnia, anxiety, agitation,

tachycardia, dyspepsia and weight increase [105–107,

109]. Five patients experienced delusions, psychotic dis-

order or schizophrenia [109]; by contrast, EPMS scores and

akathisia decreased [107, 109].

In the clinicaltrials.gov database, one study (i-FANS;

NCT01207414A) is listed addressing two switch approa-

ches to iloperidone in schizophrenia patients currently

treated with risperidone, olanzapine or aripiprazole with

the aim of assessing efficacy, safety and tolerability, but

results are not yet available.

To conclude, although results of switching strategies are

lacking, it might be advisable to use cross-titration with

switch strategies to moderate the risk of symptomatic

relapse during initial up-titration of iloperidone. The

moderate affinity for the H1 receptor and lack of affinity for

M1 receptors warrants further precautions in order to avoid

histaminergic or cholinergic rebound phenomena [110]. A

switch to iloperidone might be most favourable for patients

experiencing EPMS, akathisia or sedation with prior

medication. However, unless trials addressing specific

strategies for switching from different antipsychotics are

performed these recommendations remain speculative.

4.5 Switch to Lurasidone

According to the clinicaltrials.gov database two studies

investigating switching from other antipsychotics to
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lurasidone have been performed (SWITCHCore;

NCT01143077 and Switch Ext; NCT01143090); however,

the results are not reported yet. In a systematic review,

Citrome summarized data on efficacy and safety of the

trials leading to approval [111]. Most TEAEs in phase II

and III studies occurring at frequencies C5 % comprised

akathisia, nausea, sedation, vomiting, somnolence, head-

ache, insomnia, anxiety, agitation, dyspepsia, constipation,

restlessness, parkinsonism, tremor, dystonia and salivary

hypersecretion [111–115]. Some AEs e.g. somnolence,

akathisia or parkinsonism seemed to be dose related, which

makes it less likely to be rebound phenomena [116].

Overall weight gain and changes in metabolic parameters

were comparable to placebo. A modest prolactin increase

was observed in some studies [111, 113, 116]. Psychotic

symptoms as emerging AEs were reported in up to 3.4 %

of patients [116].

In summary, despite the lack of results from switching

trials a change of medication to lurasidone might be

advantageous in terms of normalization of metabolic

parameters and weight. Depending on the pre-switch

compound, rebound insomnia might occur. However, this

remains to be elucidated in trials specifically addressing

these issues.

4.6 Switch to Olanzapine

The number of patients in studies that investigated a switch

to olanzapine ranged from 19 to 1,267 and included in- and

outpatients; reasons for the switch were either lack of

efficacy, AEs or patient request [117–133]. Different

switching strategies were chosen including crossover with

descending taper, plateau cross-taper and abrupt strategies.

The time span of switching ranged from abrupt to several

weeks. Studies sponsored by Eli-Lilly more generally

reported good tolerance of switching from clozapine, ris-

peridone or other antipsychotics, and improvement of

symptoms and quality of life [118–121, 126, 127, 129,

130]. In some studies potential signs of withdrawal were

noticed including withdrawal dyskinesia in patients swit-

ched from clozapine [122] and new onset of headache,

seizures, anxiety, dizziness or insomnia, which were dis-

cussed as being attributable to discontinuation of haloper-

idol or anticholinergic drugs [117]. Also, akathisia,

dyskinesia and movement disorders were reported as

rebound phenomena [117]. In one study, seven patients

switched from clozapine to olanzapine required hospital-

ization due to exacerbation of symptoms; however, these

were not discussed as rebound psychosis [122]. Further-

more, in case reports of therapy-refractory patients swit-

ched from clozapine, diaphoresis, hypersialorrhea,

bronchial obstruction, agitation, anxiety and enuresis were

reported as potential signs of withdrawal [134]. Patients

switched from typical antipsychotics or risperidone bene-

fited more from a descending taper switch with immediate

initiation of 10 mg of olanzapine followed by gradual

discontinuation of the previous medication compared with

ascending taper switch or abrupt discontinuation of prior

treatment [126].

Please see Table (c) [Online Resource 1] for results of

other studies.

To put it in a nutshell, patients switched from typical

antipsychotics usually had benefit in core symptoms and

EPMS reduction, but showed weight gain. Patients swit-

ched from risperidone had a further decrease in prolactin

levels [125]. Olanzapine should be introduced in thera-

peutic doses and previous agents gradually tapered.

4.7 Switch to Paliperidone

Data on TEAE switching to paliperidone is still limited.

Short- and long-term studies of paliperidone palmitate

reported on AEs with frequencies of C5 % comprising

akathisia, dizziness, EPMS, injection-site reactions, som-

nolence, sedation, insomnia, anxiety, agitation, headache,

nasopharyngitis, schizophrenia and psychotic disorder

[135–139]. Furthermore, moderate weight gain was

observed [137, 140, 141]. Prolactin levels increased com-

pared with placebo [140]. Both weight gain and prolactin

increase were found to be dose related [140]. Switching

regimens from oral or injectable antipsychotics to pali-

peridone palmitate has been extensively described else-

where [142, 143]. According to product labelling oral

antipsychotics can be discontinued after initiation of pali-

peridone palmitate [144]. A gradual cross-taper from oral

antipsychotics with the potential of cholinergic rebound

may seem clinically advisable, but has not been specifically

studied [143]. One case report described a switch to oral

paliperidone (3 mg) from aripiprazole (5 mg) that resulted

in improvement of oral dyskinesias. Higher 5-HT2A

antagonism of paliperidone over aripiprazole was discussed

as a possible reason by the authors [145]. Another case

report described the development of neuroleptic malignant

syndrome in a patient switched from oral risperidone to

oral paliperidone and back to oral risperidone. The authors

discussed the low initiation dose of paliperidone (3 mg)

when switching from 4 mg of risperidone as the reason for

the observed effects and emphasized adequate dosing in

case of switching to oral paliperidone [146] (see also

Tables (f) (h) [Online Resource 1]).

In summary, patients switched to paliperidone may ben-

efit from low propensity of anticholinergic AEs and mod-

erate sedation and weight gain compared with for example

olanzapine or quetiapine. Until further elucidated in clinical

trials, cross-taper strategies switching from antipsychotics

with higher muscarinergic affinity seem to be advisable.
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4.8 Switch to Quetiapine

Several trials were conducted investigating the safety and

efficacy of a switch to quetiapine immediate release

(n = 16–164) [147–150] or extended release (n = 477)

[151, 152]. Studies of a switch to quetiapine IR used cross-

taper switch strategies of 1–4 weeks. Patients switching

from typical antipsychotics or risperidone improved in

EPMS scores, but showed weight gain. Patients switched

from olanzapine due to weight gain or BMI increase lost

some weight, but did not show alterations in symptoms.

Other studies using, for example, a cross-titration within

4 days found improvement of symptoms, EPMS scores and

improvement in prolactin levels. TEAEs in these studies

included tremor, akathisia, EPMS, psychosis and exacer-

bation of psychosis, sedation or dizziness [151]. Patients

showing worsening of psychosis had previously higher

levels of Positive and Negative Syndrome Scale (PANSS)

positive scores [150]. For further details see Table

(d) [Online Resource 1].

To conclude, patients switched to quetiapine may profit

from reduction in EPMS and prolactin levels or weight

reduction in the case of olanzapine or clozapine being the

previous compound. In most other cases weight may

increase. When switching from conventional antipsychot-

ics, patients should be carefully monitored for withdrawal

dyskinesias or rebound psychosis. Cross-taper strategies

are recommended.

4.9 Switch to Risperidone and Risperidone

Long-Acting Injectable

The number of patients in studies reporting a switch to

risperidone ranged from 10 to 684 [153–159]. In outpa-

tients switched from olanzapine due to lack of efficacy or

to AEs, withdrawal symptoms including nausea, vomiting,

agitation and movement disorders were noticed, along with

aggravated psychosis or anxiety in those patients switched

abruptly compared with patients with a taper switch strat-

egy. Furthermore, a mean reduction in standing diastolic

blood pressure possibly related to cholinergic rebound was

observed [153]. Among treatment-resistant patients swit-

ched from clozapine (n = 10) with a cross-taper strategy

none improved, five patients showed exacerbation of psy-

chosis and withdrawal symptoms were observed [154].

Patients switched from typical antipsychotics showed

improvement in symptoms, quality of life, service utiliza-

tion and use of anticholinergics [156, 160], and patients

switched from olanzapine showed amelioration of a pre-

vious metabolic syndrome [157]. In a study investigating

switching from conventional antipsychotics to risperidone,

regression analyses showed that the dose of prior medica-

tion at baseline was associated with successful switching.

The authors discuss the fact that symptoms associated with

withdrawal might occur more frequently in patients with

higher initial doses of typical antipsychotics [158].

The studies investigating a switch to risperidone long-

acting injectable indicated for example improvement in

cognitive function, insight and social functioning and

found TEAEs comprising headache, relapse (7.7 % mostly

within three weeks), insomnia, disease exacerbation, anx-

iety and movement disorders (akathisia, tremor), weight

gain and hyperprolactinemia (see Tables (e) and (f) [Online

Resource 1] for detailed information). Some of these

symptoms might have been rebound phenomena, but this

was not discussed by the authors [90, 161, 162]. Switching

from depot formulation of typical antipsychotics led more

often to symptom exacerbation than switching from oral

formulations (9.5 vs. 3.1 %) [162].

For clinical practice, taper-switch strategies over about

2 weeks are recommended [153]. Patients may benefit

from weight reduction or amelioration of metabolic

parameters in the case of switching from clozapine, olan-

zapine or quetiapine, but may experience worsening of

psychosis. Development of insomnia, anxiety and EPMS

may be related to rebound phenomena. Clinicians should

carefully monitor patients switched from other depot-

medication.

4.10 Switch to Sertindole

There are only sparse data on TEAE in the case of

switching to sertindole. Most TEAEs comprise headache,

insomnia, rhinitis/nasal congestion, male sexual dysfunc-

tion and moderate weight gain [163]. A study comparing

metabolic changes of risperidone and sertindole found

comparable numbers of patients experiencing weight gain,

changes in lipid plasma levels and developing metabolic

syndrome [164].

A patient switched from clozapine to sertindole expe-

rienced severe psychotic symptoms that subsided after

re-initiation of clozapine. The authors recommended cross-

taper switching strategies and careful monitoring of with-

drawal phenomena while switching from clozapine to

sertindole [165]. Another case report discussed ameliora-

tion of rebound insomnia in a patient discontinuing clo-

zapine after initiation of treatment with sertindole and

quetiapine [166]. Patients with TD switched from con-

ventional antipsychotics to sertindole were found to

improve in movement disorders [167].

Sertindole is considered a second-line treatment option

in schizophrenic patients given its overall higher cardiac

mortality [168]. Considering these treatment restrictions,

patients switched to sertindole may profit from its low

propensity of inducing EPMS and sedation. Clinical studies

assessing best switching strategies are lacking to date.
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Careful monitoring of rebound insomnia and rebound dy-

skinesias while switching to sertindole seems to be

advisable.

4.11 Switch to Ziprasidone

Several large trials (primarily sponsored by Pfizer) report

on switching from typical antipsychotics, olanzapine, ris-

peridone or quetiapine to ziprasidone involving in- and

outpatients (n = 19–312) due to lack of efficacy or AEs

[169–177]. The trials compared different switching strate-

gies and found overall improvement in EPMS scores,

weight, lipid profiles, prolactin levels, sexual dysfunction

and cognitive function. TEAEs included insomnia, som-

nolence, anxiety, nausea, dizziness, headache and asthenia.

Withdrawal or rebound phenomena were usually not

reported or discussed. Insomnia after a switch from olan-

zapine or quetiapine was often attributed to ziprasidone

(see Table (g) [Online Resource 1] for further details).

A review by Rossi et al. [178] on the available literature

regarding switches to ziprasidone recommends a plateau

cross-titration strategy. To minimize rebound and with-

drawal effects the concurrent use of benzodiazepines, an-

ticholinergics or b-blockers was proposed to be of benefit

for the patients depending on the antipsychotic prior to the

switch. Switching from conventional antipsychotics

appeared to be slightly advantageous when done using a

slow taper strategy of prior medications; however, differ-

ences between switching strategies were only subtle and

not conclusive. Still, some strategies might lead to a greater

number of rebound dyskinesias than others [176]. Other

authors found no differences when comparing switching

strategies, including abrupt discontinuation or fast and slow

descending taper switch [177].

In general, a major limitation of a considerable number

of switching trials is the open-label character of many

studies or the fact that they are only case reports. However,

the quality of studies and the number of included patients

have increased in recent years.

5 Conclusions for Clinical Practice

5.1 Reasons for Switching Antipsychotic Medication

There are several reasons for switching antipsychotic

medication, including insufficient efficacy as well as AEs

such as EPMS, weight gain, increase in prolactin, sexual

dysfunction, severe sedation or ECG alterations. However,

switching medication carries the risk of, in general, greater

resource utilization and a higher likelihood of patients

discontinuing the newly assigned medication compared

with patients who stayed on an initial assigned treatment

[179, 180]. It remains to be elucidated whether switching

medication always results in better outcome for the

patients. Indeed, analyses of the CATIE (Clinical Anti-

psychotic Trials of Intervention Effectiveness) trial found

no differences between ‘‘switchers’’ and ‘‘stayers’’ [181].

Therefore, physicians should (1) consider risks and benefits

of switching medication, and (2) choose the safest

switching strategy for the envisioned medication.

5.2 Withdrawal and Rebound Syndromes Associated

with Switching

Summarizing the findings from clinical trials and case

reports, switching antipsychotic medication might be

associated mainly with rebound psychosis, withdrawal

dyskinesias, rebound insomnia and rebound cholinergic

syndrome. An aid in assessing whether TEAEs are due to

withdrawal/rebound phenomena or related to the initiated

drug might be the time point of occurrence of the event.

Generally, clinicians should be alert regarding the occur-

rence of vegetative rebound symptoms or cholinergic

rebound within the first few days after the switch or dis-

continuation of treatment. Rebound akathisia might appear

within the first few days, whereas rebound parkinsonism

usually emerges after a week and rebound dyskinesia might

only become apparent within a month.

However, the time-course of TEAEs comprising these

aforementioned symptoms is quite similar and may not be

easy to distinguish. Akathisia has been found to occur in

75 % of all cases after 3 days of treatment [182]. The same

accounts for parkinsonism, which may develop within days

or weeks after initiation of antipsychotic treatment and for

dyskinesias, as chronic dyskinesias may also develop

within a few weeks [183, 184]. To further discriminate

whether any of these AEs are related to the discontinued

drug a re-exposure might help, as the symptoms should

subside faster in the case of being related to the former

substance when switching antipsychotics. However, this

has not been subject to systematic research and knowledge

is still limited.

5.3 Types of Switching Strategies

As mentioned in Sect. 3, switching strategies include

‘(plateau) cross-taper switch’, ‘abrupt switch’, ‘ascending

taper switch’ and ‘descending taper switch’. As a basic

principle, the half-life can be considered as an orientation

in choosing the appropriate switching strategy. A more

rapid switch of treatment is less problematic when

switching from antipsychotics with a longer half-life,

although precautions have to be taken if the post-switch

antipsychotic has a longer half-life (for review see Correll

[9]). Through this strategy the individual’s physiology is
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able to adjust to the changed treatment conditions and a

supersensitivity or desensitisation can be normalized again.

This of course should not exclude an abrupt withdrawal in

the case of for example agranulocytosis resulting from

treatment with clozapine.

When treating patients in an outpatient clinic cross-over

strategies are often preferred, limiting possible rebound

phenomena [126, 153, 185]. Since a cross-over design

requires the concurrent intake of at least two different an-

tipsychotics, specific instructions and intensive psychoed-

ucation is recommended. Otherwise, a complex dosing

regimen might decrease the patients’ compliance [70].

Furthermore, the potential risk of TEAEs resulting from

simultaneous intake of at least two antipsychotics has to be

weighed against the risk of rebound phenomena in choos-

ing cross-over strategies. In this scenario pharmacokinetic

interactions of antipsychotics have to be considered. In this

review, we focused on pharmacodynamic correlations

based on receptor affinities. For the interested reader we

recommend Edlinger et al. [71]. and Correll [9] for review

of potential problems when switching antipsychotics

because of pharmacokinetic interactions. In the case of

polypharmacy involving potent inhibitors or inductors of

the cytochrome P450 isoenzymes like certain antidepres-

sants (e.g. fluoxetine, paroxetine, fluvoxamine) or mood

stabilizers (e.g. carbamazepine, valproic acid), the situation

becomes even more complicated [186–188].

5.4 Strategies to Avoid Withdrawal and Rebound

Syndromes

Different strategies are available to prevent withdrawal/

rebound syndromes during the switching of antipsychotic

treatment. These include the application of benzodiaze-

pines, antihistaminics, anticonvulsants, anticholinergics,

b-blockers or the prolongation of the switching phase

[65, 178]. The use of anticholinergic substances may help

to avoid cholinergic rebound [189]. To lower the risk of

rebound insomnia when treatment with an antipsychotic

having high H1-receptor affinity is discontinued, the addi-

tional application of benzodiazepines or other sedatives

might be a suitable strategy. We further recommend

informing patients about these rebound phenomena, since

insomnia might also be the initial symptom of a psychotic

re-exacerbation.

Generally, switching antipsychotics slowly with an

overlapping phase of both antipsychotics applied (‘plateau

cross-taper’) can be recommended [190, 191]. However, the

evidence for this strategy is still not fully based on double-

blind studies with adequate control groups, and other

authors may come to different conclusions [192, 193].

Another strategy to prevent rebound phenomena is to

adequately plan where and when to switch the patient’s

treatment. If the clinician expects the patient to have dif-

ficulties with changes in the treatment regimen or to

develop symptoms like insomnia, fear or agitation, it might

be helpful to admit the patient to a day hospital or even to

recommend inpatient treatment. This might help improve

the monitoring and treatment of potential rebound symp-

toms. Furthermore, other psychopharmacological com-

pounds can cause rebound phenomena, a fact that should be

considered in clinical practice, because many patients with

schizophrenia are no longer only treated with antipsy-

chotics. Also, a benzodiazepine withdrawal might result in

the occurrence of psychotic symptoms and should not be

mistaken for an exacerbation of the psychiatric illness

itself.

5.5 Switching from/to Different Antipsychotics

Rebound psychosis or stress-related exacerbation of psy-

chosis during switching is probably considered the most

problematic withdrawal/rebound phenomenon. According

to the reviewed literature, exacerbation of psychosis

occurred most often when switching from clozapine/olan-

zapine to other atypical antipsychotics [74, 78, 154]. We

would therefore recommend a gradual and slow discon-

tinuation when switching treatment with clozapine or

olanzapine to substances without a muscarinergic receptor

affinity, respectively. Furthermore, patients abruptly dis-

continuing clozapine seem to need higher doses for

remission after exacerbation of disease and also show a

deterioration in the quality of remission [194]. Patients

switched from clozapine or olanzapine to risperidone or

aripiprazole seem to be particularly vulnerable to rebound

psychosis. Thus, slow cross-taper strategies, optionally

including concurrent use of benzodiazepines or anticho-

linergic compounds might be advisable. This may also hold

true for amisulpride, asenapine, iloperidone, lurasidone,

paliperidone and ziprasidone, but so far there are no data

from clinical trials to support this notion.

Table 8 gives a summary of potential TEAEs that might

result from withdrawal or rebound phenomena during

switching antipsychotics. Only compounds are addressed

where results of switching trials exist to date.

We recommend clinicians to bear these potential haz-

ards in mind while switching treatment.

In Sect. 4 we summarized benefits for the patients when

switched to a certain compound and provided recommen-

dations of appropriate switching strategies for each com-

pound in the corresponding paragraphs.

In daily clinical practice all contributing factors have to

be combined on an individual basis to choose the best

switching strategy for the individual patient. This should

incorporate the patient’s personal preferences [195] and

worries regarding the change of treatment, as well as the
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compound’s receptor binding profile, the patient’s age and

the concomitant medication. Additional research is war-

ranted to analyse different switching regimens with regard

to the emergence of rebound phenomena in different

patient populations in order to provide better clinical

advice. Further, it remains to be elucidated what factors are

of importance to predict the occurrence of rebound or

withdrawal syndromes. Only some factors such as PANSS

scores at time of switching or duration of illness have been

investigated in some switching scenarios and found to be

influencing factors [80, 150].

To conclude, there is still an urgent need for further

studies to explore the risk and mechanisms of discontinu-

ation and withdrawal syndromes and how they can be

avoided and treated.
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