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Abstract
Clozapine is the most effective antipsychotic for patients with treatment-refractory schizophrenia, but many
refuse to accept oral clozapine therapy. Intramuscular (IM) clozapine represents a convenient alternative for
their treatment. The aim of this review is to summarize studies investigating IM clozapine administration.
When initially developed, clozapine was also provided as an IM formulation, but the manufacturer later
discontinued its production. Recently, IM clozapine became again available as an unlicensed product
distributed by the Dutch company Apotheek A15. The use of IM clozapine has been reported in older studies
on clozapine’s adverse effects. It has also been described in detail in 5 more recent and generally smaller (n =
7 - 59) retrospective studies in patients refusing to take oral clozapine. In addition, its administration has
been noted in 5 case reports. IM clozapine has been used at approximately ½ of the dose of oral clozapine
due to pharmacokinetic considerations. It has been used in doses of up to 500 mg per day and for up to 99
days of treatment. The majority of patients (between 60 and 100%) were successfully transitioned to oral
clozapine within a few days of IM treatment, and improvement in their condition was sustained during the
long-term follow-up. Side effects of IM clozapine were similar to those of oral clozapine, but its sedative and
cardiovascular effects (hypotension and tachycardia) had faster onset following IM administration. After
long-term use, clozapine injections lead to local swelling and to the formation of painful nodules in some
patients. In summary, IM clozapine may facilitate successful transition to oral clozapine in most patients,
and it definitely represents a valuable tool for addressing refusal of oral clozapine in patients with
treatment-refractory schizophrenia. More studies, especially focused on its safety, are, however, needed to
better understand the limitations of this novel treatment approach.
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Introduction And Background
Clozapine is the most effective antipsychotic for patients with treatment-refractory schizophrenia, providing
clear benefits in about 60% of subjects [1-3]. However, many treatment-refractory patients are refusing to
accept oral clozapine therapy, with the percentage of noncompliance estimated at about 20% [2, 4] and are
thus deprived of this life-changing treatment. In addition to those refusing oral treatment, there are
subgroups of patients who are unable to accept oral formulations of clozapine due to swallowing difficulties
or other GI problems [5-6], cannot receive oral clozapine due to perioperative status [7], are unable to
benefit from oral clozapine due to catatonia precipitated by clozapine discontinuation [8] or caused by other
factors responsive to clozapine treatment [9]. There is thus a significant unmet medical need for alternative
non-oral delivery routes for clozapine administration.

Clozapine may be mixed with food offered to non-consenting subjects without their knowledge [10]. This
option is, however, very unreliable and is considered unethical by most psychiatrists [11]. At the moment,
the only readily available reliable way for delivering clozapine to patients refusing to take it is via
nasogastric administration [6, 11-13]. That option requires restraints and is traumatizing to both the patient
and attending staff and is thus reserved only for the most complicated cases where no other alternative
exists [14]. Alternative delivery routes, such as nasal delivery [15] and transdermal delivery [16-17], are in
development but are not yet clinically available. Clozapine has also been delivered via intravenous infusion
but only under a research setting [18].

An easy alternative route to oral clozapine delivery would be its intramuscular administration. When
clozapine was initially developed, it was also available as an intramuscular formulation and was used in
most European countries as well as in Israel but was never registered in the United States [2]. The
manufacturer discontinued that formulation due to commercial reasons in 2005, and its utility has become
quite limited due to the need to use compounding pharmacies [19-20]. However, intramuscular clozapine has
gained popularity over the past few years due to the distribution of unlicensed product made by a Dutch
Apotheek A15. Its use has been reported in several recent studies and case reports from the United Kingdom
[6, 21-24].

In this review, we summarize all available reports on intramuscular clozapine administration and address
reported efficacy as well as potential side effects and risks associated with this clozapine formulation.
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Review
Methods
We searched for articles indexed in the PubMed, Medline, Google Scholar, and ScienceDirect databases up to
August 15, 2021, utilizing regular search keywords such as "clozapine," "intramuscular," "parenteral,"
"injection," "non-oral," "enforced," and "compulsory," which were used in various combinations. Articles
generated were further checked for the relevance to the topic of the study, and cited references were
investigated. In addition, meeting abstracts were reviewed. Finally, selected authors of identified reports
were queried for availability of any additional data. After detailing information on intramuscular clozapine
formulation, each identified study is described in depth below.

Intramuscular clozapine formulations
The initial intramuscular formulation of clozapine was marketed by Sandoz and later by Novartis but
Novartis stopped commercially producing intramuscular clozapine in 2005 due to economic factors [19-20].
It was subsequently made by various compounding hospital pharmacies, but its utility remained limited [19].
Presently, clozapine ampules are offered by Apotheek A15 company (formerly known as Brocacef) in the
Netherlands (for package insert, see [25]). However, the Dutch product is not a licensed product and is
distributed only under special permissions from regulatory authorities in individual countries. For example,
the British NHS Foundation Trust established complex protocols for administering that clozapine
formulation under rigorously controlled conditions [26]. It is costly, with one ampule being sold for about
$160. Clozapine ampules are also available from El Saad Pharma in Syria (for package insert, see [27]).

All formulations of intramuscular clozapine contain clozapine at the 25 mg/mL concentration. Apotheek
A15 clozapine formulation is distributed in 5 mL ampules. There is thus 125 mg of clozapine in each ampule.
Per the recommendation of its producers, it should be administered into a gluteal muscle, and if more than
100 mg is needed, the dose should be divided into two injection sites. 

As oral bioavailability of clozapine is approximately 30 - 50% [18, 28] it is recommended to use ½ dose of
oral clozapine if intramuscular substitution or initial titration are done [26]. However, it has to be noted that
there is no published study on pharmacokinetics of intramuscular clozapine, and clozapine levels after its
intramuscular administration are likely transiently much higher than after its oral intake, and that may have
consequences for its safety.

Summary of studies
All available studies mentioning intramuscular clozapine, including case reports and surveys, are
summarized in chronological order in Table 1.

Reference (First
author, publication
year, reference
number)

Study description
Study outcomes related to IM clozapine
administration

Number of
subjects
getting IM
clozapine

IM clozapine
daily dose
range/duration

Lokshin 1999 [4]
Retrospective chart review on
patients receiving IM clozapine

IM clozapine led to clinical improvement and to
acceptance of oral medication

59
50 – 400 mg/ 3
– 8 days

Gee 2021 [6]
Case report on 2 medically
compromised patients

IM clozapine effective in controlling psychosis 2
Up to 150
mg/more than 7
days

Pereira 1999a [11]
Survey of psychiatrists on enforcing
clozapine administration

Six out of 39 psychiatrists reported using IM
clozapine in patients refusing to accept oral

not reported not reported

Holmes 2019 [21]  
Retrospective chart review on
patients getting IM clozapine

IM clozapine was well tolerated and allowed
initiation or continuation of oral clozapine

7
not reported/ 1
– 4 days

Casetta 2020 [22]
Retrospective chart review on IM
clozapine

Sixteen out of 19 patients successfully
transitioned to oral clozapine, and most
remained compliant during long-term follow-up

19
6.25 – 200 mg/
1 – 47 days

Henry 2020 [23]
Retrospective chart review on IM
clozapine

Six out of 8 patients receiving repeated IM
clozapine injections successfully transitioned to
oral clozapine

8
Up to 250 mg/ 1
– 99 days

Whiskey 2020 [24]
Case report on a patient with
schizoaffective disorder and heart
failure

IM/oral clozapine titration led to stabilization of
the mental state

1 not reported
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Ackenheil 1989 [29]
Pharmacokinetic and biochemical
investigation in schizophrenic
patients

Changes in biochemical parameters similar to
oral administration

13 100 mg/1 day

Grohman 1989 [30]
Post-marketing drug surveyance
program in 959 patients on both oral
and IM clozapine

Death in 1 patient after IM clozapine (given
together with haloperidol)

not reported 100 mg/1 day

Marinkovic 1994 [31]
Side effects in 100 hospitalized
patients (on both oral and IM
clozapine)

Incidence of side effects reported (most frequent
side effect was tachycardia, and it often
occurred immediately after IM dose)

not reported
50 mg and
higher/not
reported

Gaszner 2002 [32]
Study on agranulocytosis incidence
in 750 patients on clozapine (both
oral and IM administration)

Granulocytopenia developed in 1 patient who
was initially on IM clozapine but 4 years after
continued oral treatment

not reported
not reported/
”several days”

Barak 1999 [33]
Report on clinical experience with
clozapine in elderly (both oral and
IM)

IM clozapine terminated in 1 patient due to
elevated liver enzymes

1
12.5 – 37.5 mg/
3 weeks

Schulte 2007 [34]
Retrospective chart review of
patients on compulsory clozapine
treatment

Clinical global impression – improvement
noticed in patients on IM clozapine

10
12.5 – 500 mg/
1 to 90 days

Heim 1994 [35]
Case report on 1 patient on IM
clozapine

Dyskinesia developed after IM injection but good
clinical improvement noticed

1
100 – 150 mg/
8 days

McLean 2001 [36]
Case report on a treatment-resistant
patient with schizoaffective disorder

IM clozapine led to a successful transition to oral
clozapine

1
12.5 – 250 mg/
30 days

Kasinathan 2007 [19]
Case report on 2 patients with
treatment-resistant schizophrenia

IM clozapine led to the rapid acceptance of oral
clozapine and sustained improvement

2
12.5 – 100
mg/1 to 7 days

Andersen 2014 [37]
Registry research on the involuntary
treatment of schizophrenic patients
in Denmark

Two patients were treated with IM clozapine 2
Up to 420 mg/
not reported

TABLE 1: Studies mentioning intramuscular clozapine listed in a chronological order

 As above, there is no published study available evaluating the pharmacokinetics of intramuscular clozapine.
However, one experimental study on selected biochemical effects of clozapine in 32 hospitalized
schizophrenics reported also outcomes in 13 patients who received 100 mg of clozapine intramuscularly [29].
No apparent differences between oral and intramuscular administration of clozapine in levels of
catecholamines and their metabolites as well as in hormonal secretion were noted. Side effects of treatment
included orthostatic dysregulation and sedation, but no differences between various routes of
administration were reported.

In a large safety surveyance study on adverse effects of clozapine in 959 patients exposed to any
formulations of clozapine in Germany, common side effects were reported in 76% of patients [30]. However,
only 3.9% of patients experienced side effects that were considered severe. Sudden death was noted in a 31
years old female patient. She had been on continuous outpatient treatment with oral clozapine 200 mg daily
for 2 years. She became psychotic and oral haloperidol 20 mg per day has been added. She had been
subsequently admitted to the inpatient psychiatric unit. The day after her admission, instead of oral
clozapine, she received intramuscular clozapine at 100 mg together with haloperidol 10 mg (per report PO).
Four hours later, she was found cyanotic and pulseless. She had been resuscitated but remained comatose
and died 4 days later. Of note, she had a history of surgery for interatrial septal defects 13 years prior to the
event. This fatal adverse event was labeled as “possibly” related to a combination of clozapine and
haloperidol. Per the authors, “whether the IM administration of clozapine - unique in this patient on the day
of the fatal complication - was of particular relevance must remain open to speculation.”

Another study evaluating adverse effects of clozapine in 100 hospitalized patients in Serbia also reported on
patients getting clozapine intramuscularly though the number of subjects exposed to that clozapine
formulation was not specified [31]. The most common side effects were tachycardia, hypotension, and
sedation. Of note, the intensity of those side effects was related to the route of administration as they were
commonly observed immediately after intramuscular application of 50 mg or more of clozapine, whereas
higher oral doses were required to produce similar effects.
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Another large study from Hungary summarized the incidence of agranulocytosis in 750 patients on both oral
and intramuscular clozapine [32]. Per the report, “clozapine was administered both parenterally and orally
(mainly as tablets). In a proportion of patients, treatment was initiated by administering clozapine twice
daily by intramuscular injection and switching the patient over to oral dosage several days later.” Out of 750
patients analyzed in the study, only 2 developed agranulocytosis and 7 granulocytopenia. One patient who
developed granulocytopenia was initially getting clozapine intramuscularly, but granulocytopenia developed
4 years later and was thus clearly unrelated to the initial administration route. 

In a study on the use of clozapine in the elderly, one female patient in Israel was treated with intramuscular
clozapine due to noncompliance and aggressive behavior [33]. Clozapine treatment in that patient had to be
terminated as after 3 weeks of intramuscular clozapine, her liver enzymes were significantly elevated.

In a large study from Israel, intramuscular clozapine was given to 59 psychotic patients [4]. In that study, all
the patients were on oral clozapine in the past but then started to refuse to take it, and the intramuscular
formulation was initiated once they developed an exacerbation of psychotic symptoms. Intramuscular
clozapine resulted in quick sedation in that study and in rapid improvement in behavior. Sixteen patients
required only 3 days of parenteral clozapine before restarting the oral. Forty-two patients received clozapine
injections for 4 to 7 days before transitioning to an oral formulation. Only one patient required
intramuscular administration for 8 days.

In a retrospective study on compulsory treatment with clozapine in Netherland [34], 17 patients refusing
oral clozapine were prescribed intramuscular injections, but 7 of them accepted oral formulation when faced
with an injectable alternative. However, 10 patients were given at least one injection. Four patients received
injections for 4 days or less, 3 patients for 7 to 11 days, and 3 patients for 1 to 3 months. Six out of 10
patients were successfully transitioned to oral clozapine. Intramuscular treatment had to be stopped in 4
patients. One patient continued to refuse oral medication despite receiving intramuscular injections for 90
days. One patient developed leucopenia, and clozapine treatment thus had to be stopped. Injections had to
be stopped in another patient who developed swelling at the injection site. Two patients recovered to the
point that they convinced appropriate authorities that they did not meet the criteria for involuntary
injections anymore.

In a study by Holmes [21], 7 patients were treated with intramuscular clozapine - 5 were exposed to clozapine
previously, whereas 2 were clozapine naïve before initiation of the treatment. All of them were successfully
transitioned to oral clozapine after no more than 4 intramuscular injections.

In a case series by Henry and colleagues [23], 11 patients prescribed intramuscular clozapine are presented.
Out of those, 3 accepted oral clozapine prior to getting the first injection, but the remaining 8 received
between 1 and 99 doses per patient. Six out of those 8 patients were successfully transitioned to oral
clozapine.

In a retrospective study by Casetta and colleagues [22], 39 patients were prescribed intramuscular clozapine,
but most of them accepted oral formulation when an injection alternative was offered. However, 19 patients
received intramuscular clozapine, and out of them, 16 successfully transitioned to oral formulation within
1-47 days. Intramuscular clozapine had to be stopped only in 1 patient due to continued refusal, while in the
remaining 2 patients, clozapine was stopped due to emergent side effects.

In a case report from Germany, a 51-year-old female was started on intramuscular clozapine at 100 mg per
day [35]. Following the first injection, she developed trismus in the half of her face and additional
involuntary movements which were interpreted as dyskinesia and resolved after biperiden injection.
Intramuscular clozapine treatments were nevertheless continued in that patient for 7 more days, and the
dose has been increased to 150 mg without observation of any additional side effects. A good antipsychotic
effect was noted, and she was successfully transitioned to oral clozapine.

In an Australian case report by McLean and Juckes [36] clozapine was administered intramuscularly to a 64-
year-old female with treatment-resistant schizoaffective disorder, and it has been titrated from 12.5 mg per
day up to 250 mg per day. After 30 days of that treatment, the patient was successfully transitioned to oral
clozapine.

In another case report from Australia, 2 patients were treated with intramuscular clozapine [19]. Both rapidly
accepted oral clozapine - the first one after just 1 injection and the second after 7 days of treatment. 

In a case report by Whiskey and colleagues [24], clozapine was successfully re-initiated using
oral/intramuscular titration regimen in a 51-year-old man with treatment-resistant schizoaffective disorder
and heart failure.

In a case report by Gee and colleagues [6], intramuscular clozapine was successfully given to two medically
compromised psychotic patients. One patient was a 50-year-old female suffering from liver carcinoma who
started to refuse her oral clozapine and deteriorated and became aggressive. Clozapine was successfully re-
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titrated through intramuscular injections (up to 150 mg per day), and she then became again amendable to
taking oral clozapine, and her mental status stabilized to the point that she could spend her final weeks
together with her family. Another patient was a 47-year-old schizophrenic who jumped from the third floor
and suffered significant injury. As a result of spinal fractures, he also exhibited swallowing difficulties and
received treatments, including clozapine, via nasogastric tube. He later removed the tube and refused to
allow re-insertion. For that reason, he was successfully switched from oral clozapine 300 mg per day to 150
mg of intramuscular clozapine, and his mental status rapidly stabilized. Once he regained swallowing
abilities was transitioned back to oral clozapine.

In a survey of 39 British psychiatrists, 6 reported enforcing intramuscular medication each time oral
clozapine was refused [11]. In a register-based study from Denmark, it was reported that 2 patients with
schizophrenia were receiving intramuscular clozapine involuntarily during a studied period [37].

Efficacy outcomes
Most studies reporting on the efficacy of intramuscular clozapine focused on successful transition to the
oral product as the primary outcome. Some studies also followed patients long-term after initial
intramuscular treatment and reported on their long-term compliance with oral clozapine.

Successful transition to oral clozapine has been achieved in all published case reports [6, 19, 24, 35-36]. In a
report by Kasinathan and Mastroianni [19], 2 patients who successfully transitioned to oral clozapine were
followed for 12 months, and improvements induced by initially enforced clozapine therapy were sustained.

In published retrospective studies, the majority of subjects transitioned from intramuscular to oral clozapine
within a few days. In the largest report by Lokshin and colleagues [4] in 59 patients, almost all the patients
(98%) required no more than 7 days of intramuscular clozapine treatment before transitioning to the oral
product. And 90% of patients remained compliant with subsequent oral clozapine treatment.

In a study by Schulte and colleagues [34], 6 out of 10 patients who received at least one clozapine injection
successfully transitioned to the oral product. The remaining patients had to stop intramuscular clozapine
either due to side effects but also due to long-term exposure not leading to successful transition (more than
30 days in 3 patients). In those patients who were successfully transitioned to oral clozapine, improvement
in their condition was sustained during the long-term follow-up for a mean of 15.2 months.

In a study by Holmes [21], all 7 patients receiving intramuscular clozapine were successfully transitioned to
oral clozapine after no more than 4 injections. All patients have improved at least somewhat.

In a case series by Henry and colleagues [23], 6 out of 8 patients treated with intramuscular clozapine
successfully transitioned to the oral product. The majority of them was showing clinical improvement by the
end of 5 months of the observation period.

In a retrospective study by Casetta and colleagues [22], 16 out of 19 patients receiving intramuscular
clozapine were successfully transitioned to the oral formulation. The authors also reported on the long-term
effects of enforced clozapine and found out that clozapine discontinuation rates at 2-year follow-up were
similar to a comparison group of patients who were prescribed only oral clozapine.

In summary, there is clear evidence in all published studies suggesting that more than half of patients
treated with intramuscular clozapine may successfully transition to the oral formulation and that most of
them need only a few parenteral injections.

Adverse effects and safety considerations
Most adverse effects associated with intramuscular administration of clozapine are similar in their
presentation and frequency to adverse effects reported after its oral administration [38], but it has to be
noted that none of the reported studies were powered or designed to evaluate safety.

Reported adverse effects include agranulocytosis and neutropenia [22, 32, 34], constipation [4],
hypersalivation [4, 34], pneumonia [22], and impaired liver function [33].

However, several adverse effects common with clozapine may have a different intensity and time-course
after intramuscular administration due to faster systemic absorption and transiently elevated blood levels
that may influence its safety. Those include sedation, cardiovascular adverse effects, and possible seizure
activity. 

Sedation appears to be more pronounced and with faster onset after intramuscular administration, but that
side effect was considered to be beneficial [4]. A study investigating possible beneficial effects of
intramuscular clozapine in aggressive schizophrenic patients with agitation has been even proposed, but no
outcomes were reported [39].
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Tachycardia and hypotension following clozapine administration also have faster onset after the
intramuscular delivery route and are seen with lower clozapine doses [31]. Of note, cardiovascular arrest
finally leading to death has been reported after intramuscular clozapine administration, but it was given in
combination with haloperidol in a patient with a history of a septal defect [30]. However, intramuscular
clozapine has been safely administered to a patient with heart failure [24].

Even though seizure activity induced by clozapine seems to be related to its blood levels, there are no
published reports of seizures following its intramuscular administration. However, in one case report, a
patient developed dyskinesia-like side effects immediately after administration of 100 mg of intramuscular
clozapine [35], and initiation of seizures often presents like that [38]. Caution in patients with pre-existent
seizures is definitely needed.

Interestingly, knowledge of possible safety risks associated with intramuscular clozapine, especially in the
clozapine-naïve population, reached even the movie industry as intramuscular clozapine was implemented
as a fictional murder weapon in the highly popular television series The Walking Dead. In one of its episodes,
the actress grinded up clozapine tablets with a mortar and prepared an injection from the powder. She then
proceeded to inject the fictional patient intramuscularly. The treated patient developed tonic-clonic seizures
and, in a few minutes, he died [40]. 

In addition to systemic adverse effects, intramuscular clozapine injections are reported to be painful, and
injection site swelling and formation of nodules have been reported. From available evidence, it appears that
nodules are more common with a long-term administration of higher clozapine doses [22-23].

Discussion and future directions
Though intramuscular clozapine has been reported only in generally small studies, it has been demonstrated
that its use may facilitate successful transition to oral clozapine in most patients, and it definitely
represents a valuable tool for addressing refusal of oral clozapine in treatment-refractory patients as well as
administration of clozapine to patients who are unable to accept oral formulations. However, it has to be
noted that all published studies were retrospective case series only and it is thus difficult to draw any
broader or evidence-based conclusions from them. Most importantly, evidence for long-term benefits of this
approach remains limited. The nature of the indication (back-up injection for refusal of oral medication),
however, makes any design of better controlled randomized or blinded studies not feasible.

In spite of clinical benefits of intramuscular clozapine, several issues need to be addressed before its broader
use could be implemented. Current formulations of clozapine are unlicensed products, and their safety was
thus not evaluated and vetted by regulatory authorities [20]. That factor is important as most patients are
given intramuscular clozapine against their will, and without being completely sure that no harm is done,
the use of the product needs to be limited to patients where no other options are available as enforcing of
clozapine has significant ethical implications [41-42].

Though available evidence suggests that it is generally well-tolerated, our knowledge of its safety after rapid
administration still remains limited as there are nuanced differences between cardiovascular and sedative
effects of oral and intramuscular formulations. It would be really helpful if more in-depth and thorough
cardiovascular safety and pharmacokinetic studies of intramuscular clozapine were conducted. Without
having those available, it is advisable to screen the patients appropriately prior to intramuscular clozapine
administration and to monitor their vital signs carefully based on established protocols [26]. 

Rapid administration of clozapine may also lead to a higher risk of drug-drug interactions, and unless more
combination studies become available, it would be wise not to co-administer intramuscular clozapine with
other intramuscular agents, mainly other antipsychotics and benzodiazepines.

One of the unique side effects of intramuscular clozapine is the formation of local nodules. Additional
formulation work increasing local tolerability of clozapine solution and possibly also making a higher-
strength solution for injection [23] would also be very helpful.

Let’s hope that the intramuscular clozapine product attracts more attention from drug-delivery and
pharmaceutical industries which could lead to more studies and possible regulatory approval for this product
in the future. That would make its broader usage more feasible.

For now, we encourage our colleagues who have access to intramuscular clozapine to report on their
experience, especially regarding adverse effects, so that we would gain more reassurance on its safe use in
the vulnerable population of patients with treatment-refractory schizophrenia.

Conclusions
Overall, intramuscular clozapine can present a convenient alternative for patients with treatment-refractory
schizophrenia who refuse or cannot take oral clozapine treatment. Multiple generally small studies have
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suggested that a majority of patients might successfully transition to oral clozapine within a few days of
intramuscular treatment. However, it has to be noted that all published studies were only retrospective case
series and it is thus difficult to draw any broader or evidence-based conclusions from them. Given these
results and clozapine’s documented side-effect profile, more studies, mainly on its safety, are needed to
better understand this approach’s capabilities and limitations.

Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Kane JM, Agid O, Baldwin ML, et al.: Clinical guidance on the identification and management of treatment-

resistant schizophrenia. J Clin Psychiatry. 2019, 80:18com12123. 10.4088/JCP.18com12123
2. Meltzer HY: Treatment of the neuroleptic-nonresponsive schizophrenic patient . Schizophr Bull. 1992,

18:515-42. 10.1093/schbul/18.3.515
3. Miodownik C, Lerner V: Clozapine-resistant schizophrenia management: combination and augmentation

strategies and interactions. Clozapine - Medical Uses, Interactions and Side Effects. Miodownik C, Krivoy A,
Lerner V (ed): Nova Science Publishers, New York; 2020.

4. Lokshin P, Lerner V, Miodownik C, Dobrusin M, Belmaker RH: Parenteral clozapine: five years of experience .
J Clin Psychopharmacol. 1999, 19:479-80. 10.1097/00004714-199910000-00018

5. Hindmarsh J, Huggin A, Belfonte A, Lee M, Pickard J: Subcutaneous olanzapine at the end of life in a patient
with schizophrenia and dysphagia. Palliat Med Rep. 2020, 1:72-5. 10.1089/pmr.2020.0039

6. Gee S, McMullen I, Wyke C, Yeoh SY, Taylor D: Intramuscular clozapine in the acute medical hospital:
Experiences from a liaison psychiatry team. SAGE Open Med Case Rep. 2021, 9:2050313X211004796.
10.1177/2050313X211004796

7. Huyse FJ, Touw DJ, van Schijndel RS, de Lange JJ, Slaets JP: Psychotropic drugs and the perioperative
period: a proposal for a guideline in elective surgery. Psychosomatics. 2006, 47:8-22.
10.1176/appi.psy.47.1.8

8. Bilbily J, McCollum B, de Leon J: Catatonia secondary to sudden clozapine withdrawal: a case with three
repeated episodes and a literature review. Case Rep Psychiatry. 2017, 2017:2402731. 10.1155/2017/2402731

9. Lander M, Bastiampillai T, Sareen J: Review of withdrawal catatonia: what does this reveal about clozapine? .
Transl Psychiatry. 2018, 8:139. 10.1038/s41398-018-0192-9

10. Pfizer N, Andrade C: The surreptitious administration of clozapine: critical issues . Indian J Psychiatry. 2002,
44:189-90.

11. Pereira S, Beer D, Paton C: Enforcing treatment with clozapine: survey of views and practice . Psychiatr Bull.
1999, 23:342-5. 10.1192/PB.23.6.342

12. Till A, Silva E: A case report of the successful administration of clozapine in the face of myocardial
infarction, pulmonary embolism and hyperlipidaemia resulting in the termination of long-term seclusion.
BMC Psychiatry. 2019, 19:37. 10.1186/s12888-018-2001-7

13. Till A, Selwood J, Silva E: The assertive approach to clozapine: nasogastric administration . BJPsych Bull.
2019, 43:21-6. 10.1192/bjb.2018.61

14. Patel S, Wakelam J, Davoren M: A staff attitude survey into the use of intramuscular and nasogastric
clozapine in Broadmoor high secure hospital. RCPsych Faculty of Forensic Psychiatry Annual Conference,
Vienna; 2019.

15. Sayed S, Elsharkawy FM, Amin MM, Shamsel-Din HA, Ibrahim AB: Brain targeting efficiency of intranasal
clozapine-loaded mixed micelles following radio labeling with Technetium-99m. Drug Deliv. 2021, 28:1524-
38. 10.1080/10717544.2021.1951895

16. Tareen FK, Shah KU, Ahmad N, Ur Rehman A, Shah SU, Ullah N: Proniosomes as a carrier system for
transdermal delivery of clozapine. Drug Dev Ind Pharm. 2020, 1-24. 10.1080/03639045.2020.1764020

17. Agrawal MB, Patel MM: Formulation, optimization, and in vivo evaluation of clozapine loaded transdermal
drug delivery system for the treatment of schizophrenia. Asian J Pharmaceutics. 2020, 14:556-571.
10.22377/ajp.v14i4.3823

18. Cheng YF, Lundberg T, Bondesson U, Lindström L, Gabrielsson J: Clinical pharmacokinetics of clozapine in
chronic schizophrenic patients. Eur J Clin Pharmacol. 1988, 34:445-9. 10.1007/BF01046700

19. Kasinathan J, Mastroianni T: Evaluating the use of enforced clozapine in a forensic psychiatric setting - two
cases. BMC Psychiatry. 2007, 7:P13. 10.1186/1471-244X-7-S1-P13

20. Brattacherjee S, Young A, Ahuja N, Allen S: Should intramuscular clozapine be adopted into mainstream
clinical practice?. Brit J Psychiatry. 2021, 219:357-58. 10.1192/bjp.2021.36

21. Holmes N: Evaluation of the use of intramuscular clozapine . J Psychopharmacology. 2019, 33:5-6.
10.1177/0269881119891836

22. Casetta C, Oloyede E, Whiskey E, et al.: A retrospective study of intramuscular clozapine prescription for
treatment initiation and maintenance in treatment-resistant psychosis. Br J Psychiatry. 2020, 217:506-13.
10.1192/bjp.2020.115

23. Henry R, Massey R, Morgan K, Deeks J, Macfarlane H, Holmes N, Silva E: Evaluation of the effectiveness and
acceptability of intramuscular clozapine injection: illustrative case series. BJPsych Bull. 2020, 44:239-43.

2021 Munzar et al. Cureus 13(9): e18267. DOI 10.7759/cureus.18267 7 of 8

https://dx.doi.org/10.4088/JCP.18com12123
https://dx.doi.org/10.4088/JCP.18com12123
https://dx.doi.org/10.1093/schbul/18.3.515
https://dx.doi.org/10.1093/schbul/18.3.515
https://novapublishers.com/shop/clozapine-medical-uses-interactions-and-side-effects/
https://dx.doi.org/10.1097/00004714-199910000-00018
https://dx.doi.org/10.1097/00004714-199910000-00018
https://dx.doi.org/10.1089/pmr.2020.0039
https://dx.doi.org/10.1089/pmr.2020.0039
https://dx.doi.org/10.1177/2050313X211004796
https://dx.doi.org/10.1177/2050313X211004796
https://dx.doi.org/10.1176/appi.psy.47.1.8
https://dx.doi.org/10.1176/appi.psy.47.1.8
https://dx.doi.org/10.1155/2017/2402731
https://dx.doi.org/10.1155/2017/2402731
https://dx.doi.org/10.1038/s41398-018-0192-9
https://dx.doi.org/10.1038/s41398-018-0192-9
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2954352/
https://dx.doi.org/10.1192/PB.23.6.342
https://dx.doi.org/10.1192/PB.23.6.342
https://dx.doi.org/10.1186/s12888-018-2001-7
https://dx.doi.org/10.1186/s12888-018-2001-7
https://dx.doi.org/10.1192/bjb.2018.61
https://dx.doi.org/10.1192/bjb.2018.61
https://scholar.google.com/scholar?q=intitle:A staff attitude survey into the use of intramuscular and nasogastric clozapine in Broadmoor high secure hospital
https://dx.doi.org/10.1080/10717544.2021.1951895
https://dx.doi.org/10.1080/10717544.2021.1951895
https://dx.doi.org/10.1080/03639045.2020.1764020
https://dx.doi.org/10.1080/03639045.2020.1764020
https://dx.doi.org/10.22377/ajp.v14i4.3823
https://dx.doi.org/10.22377/ajp.v14i4.3823
https://dx.doi.org/10.1007/BF01046700
https://dx.doi.org/10.1007/BF01046700
https://dx.doi.org/10.1186/1471-244X-7-S1-P13
https://dx.doi.org/10.1186/1471-244X-7-S1-P13
https://dx.doi.org/10.1192/bjp.2021.36
https://dx.doi.org/10.1192/bjp.2021.36
https://dx.doi.org/10.1177/0269881119891836
https://dx.doi.org/10.1177/0269881119891836
https://dx.doi.org/10.1192/bjp.2020.115
https://dx.doi.org/10.1192/bjp.2020.115
https://dx.doi.org/10.1192/bjb.2020.6


10.1192/bjb.2020.6
24. Whiskey E, Yuen S, Khosla E, Piper S, O'Flynn D, Taylor D: Resolution without discontinuation: heart failure

during clozapine treatment. Ther Adv Psychopharmacol. 2020, 10:2045125320924786.
10.1177/2045125320924786

25. Clozapine injectie: clozapine injectie 125 mg = 5 ml, ampul 5 ml. package insert for intramuscular clozapine
produced by Apotheek A15. (2021). Accessed: August 1, 2021: https://www.clozapinepluswerkgroep.nl/wp-
content/uploads/2017/11/EP00233-Bijsluiter-Clozapine-inje-125mg5ml-ampul-5ml....

26. NHS Foundation Trust: guidelines for the use of intramuscular (IM) clozapine treatment for inpatients .
(2019). Accessed: August 1, 2021: https://www.hpft.nhs.uk/media/4159/guidelines-for-the-use-of-
intramuscular-im-clozapine-treatment-for-inpatients.pdf.

27. CLOZAPINE-ELSaad (amp) | ELSaad Pharma . (2021). Accessed: August 1, 2021:
https://www.elsaad.com/products/8/46/En.

28. Krivoy A, Weizman A: Clozapine: pharmacokinetics and pharmacodynamics . Clozapine - Medical Uses,
Interactions and Side Effects. Miodownik C, Krivoy A, Lerner V (ed): Nova Science Publishers, New York;
2020.

29. Ackenheil M: Clozapine--pharmacokinetic investigations and biochemical effects in man .
Psychopharmacology (Berl). 1989, 99 Suppl:S32-7. 10.1007/BF00442556

30. Grohmann R, Rüther E, Sassim N, Schmidt LG: Adverse effects of clozapine . Psychopharmacology (Berl).
1989, 99 Suppl:S101-4. 10.1007/BF00442571

31. Marinkovic D, Timotijevic I, Babinski T, Totic S, Paunovic VR: The side-effects of clozapine: a four year
follow-up study. Prog Neuropsychopharmacol Biol Psychiatry. 1994, 18:537-44. 10.1016/0278-
5846(94)90010-8

32. Gaszner P, Makkos Z, Kosza P: Agranulocytosis during clozapine therapy . Prog Neurosychopharmacol Biol
Psychiatry. 2002, 26:603-7. 10.1016/s0278-5846(01)00256-1

33. Barak I, Wittenberg N, Naor S, Kutzuk D, Weizman A: Clozapine in elderly psychiatric patients: tolerability,
safety, and efficacy. Compr Psychiatry. 1999, 40:320-5. 10.1016/s0010-440x(99)90134-7

34. Schulte PF, Stienen JJ, Bogers J, et al.: Compulsory treatment with clozapine: a retrospective long-term
cohort study. Int J Law Psychiatry. 2007, 30:539-45. 10.1016/j.ijlp.2007.09.003

35. Heim M, Rhein C: [Early dyskinesia with administration of clozapine (Leponex)] . Nervenarzt. 1994, 65:486-7.
36. McClean G, Juckes L: Parenteral clozapine (Clozaril). Australas Psychiatry. 2001, 9:371. 10.1046/j.1440-

1665.2001.0367a.x
37. Andersen TH, Kappers D, Sneider B, Uggerby P, Nielsen J: Involuntary treatment of schizophrenia patients

2004-2010 in Denmark. Acta Psychiatr Scand. 2014, 129:312-9. 10.1111/acps.12144
38. Galappathie N, Shaw A: Clozapine: Side effects and safety considerations . Clozapine - Medical Uses,

Interactions and Side Effects. Miodownik C, Krivoy A, Lerner V (ed): Nova Science Publishers, New York;
2020.

39. Clozapine IM and aggression in schizophrenic patients. (2005). Accessed: September 6, 2021:
https://www.clinicaltrials.gov/ct2/show/NCT00189995.

40. Real psychiatry: clozapine as a fictional murder weapon on the walking dead . (2014). Accessed: September
1, 2021: https://real-psychiatry.blogspot.com/2014/11/clozapine-as-fictional-murder-weapon-on.html .

41. Pereira S, Beer D, Paton C: When all else fails: a locally devised structured decision process for enforcing
clozapine therapy. Psychiatr Bull. 1999, 23:654-6. 10.1192/pb.23.11.654

42. Barnes TRE: Commentary: the risks of enforcing clozapine therapy . Psychiatr Bull. 1999, 23:656-7.
10.1192/pb.23.11.656

2021 Munzar et al. Cureus 13(9): e18267. DOI 10.7759/cureus.18267 8 of 8

https://dx.doi.org/10.1192/bjb.2020.6
https://dx.doi.org/10.1177/2045125320924786
https://dx.doi.org/10.1177/2045125320924786
https://www.clozapinepluswerkgroep.nl/wp-content/uploads/2017/11/EP00233-Bijsluiter-Clozapine-inje-125mg5ml-ampul-5ml-v23-08-2017.pdf
https://www.clozapinepluswerkgroep.nl/wp-content/uploads/2017/11/EP00233-Bijsluiter-Clozapine-inje-125mg5ml-ampul-5ml-v23-08-2017.pdf
https://www.hpft.nhs.uk/media/4159/guidelines-for-the-use-of-intramuscular-im-clozapine-treatment-for-inpatients.pdf
https://www.hpft.nhs.uk/media/4159/guidelines-for-the-use-of-intramuscular-im-clozapine-treatment-for-inpatients.pdf
https://www.elsaad.com/products/8/46/En
https://www.elsaad.com/products/8/46/En
https://novapublishers.com/shop/clozapine-medical-uses-interactions-and-side-effects/
https://dx.doi.org/10.1007/BF00442556
https://dx.doi.org/10.1007/BF00442556
https://dx.doi.org/10.1007/BF00442571
https://dx.doi.org/10.1007/BF00442571
https://dx.doi.org/10.1016/0278-5846(94)90010-8
https://dx.doi.org/10.1016/0278-5846(94)90010-8
https://dx.doi.org/10.1016/s0278-5846(01)00256-1
https://dx.doi.org/10.1016/s0278-5846(01)00256-1
https://dx.doi.org/10.1016/s0010-440x(99)90134-7
https://dx.doi.org/10.1016/s0010-440x(99)90134-7
https://dx.doi.org/10.1016/j.ijlp.2007.09.003
https://dx.doi.org/10.1016/j.ijlp.2007.09.003
https://pubmed.ncbi.nlm.nih.gov/7800094/
https://dx.doi.org/10.1046/j.1440-1665.2001.0367a.x
https://dx.doi.org/10.1046/j.1440-1665.2001.0367a.x
https://dx.doi.org/10.1111/acps.12144
https://dx.doi.org/10.1111/acps.12144
https://novapublishers.com/shop/clozapine-medical-uses-interactions-and-side-effects/
https://www.clinicaltrials.gov/ct2/show/NCT00189995
https://www.clinicaltrials.gov/ct2/show/NCT00189995
https://real-psychiatry.blogspot.com/2014/11/clozapine-as-fictional-murder-weapon-on.html
https://real-psychiatry.blogspot.com/2014/11/clozapine-as-fictional-murder-weapon-on.html
https://dx.doi.org/10.1192/pb.23.11.654
https://dx.doi.org/10.1192/pb.23.11.654
https://dx.doi.org/10.1192/pb.23.11.656
https://dx.doi.org/10.1192/pb.23.11.656

	Clinical Experience With Intramuscular Clozapine
	Abstract
	Introduction And Background
	Review
	Methods
	Intramuscular clozapine formulations
	Summary of studies
	TABLE 1: Studies mentioning intramuscular clozapine listed in a chronological order

	Efficacy outcomes
	Adverse effects and safety considerations
	Discussion and future directions

	Conclusions
	Additional Information
	Disclosures

	References


