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Clozapine, the choice atypical antipsychotic for refractory schizophrenia, schizoaffective disorder, and bipolar disorder, has been
shown to reduce positive and negative symptoms of schizophrenia. Clozapine, though beneficial in reducing the need for
hospitalization, rehabilitation, and health care costs, is known as a drug of last resort due to its potential adverse event of
clozapine-induced agranulocytosis, which holds a case fatality rate between 4.2 and 16%. Herein, we describe a female patient
with longstanding schizoaffective disorder and chronic kidney disease who suffered from clozapine-induced agranulocytosis
after failing two other atypical antipsychotics. Retrospective considerations of this case and management highlight risk factors
such as HLA status, renal failure, and concurrent valproic acid use which presently do not have official screening, guidelines, or
restrictions in place when prescribing clozapine. Additionally, there are no specific clozapine-induced agranulocytosis
management recommendations such as G-CSF/filgrastim dose, timing of bone marrow aspirate and biopsy, and use of
concomitant valproate. We propose that further comprehensive official screening, monitoring, and guidelines in the prescribing
of clozapine, and further guidelines in the treatment of clozapine induced agranulocytosis, could increase the cost-effectiveness
of clozapine treatment, and decrease the incidence, and morbidity of this feared adverse event.

1. Introduction

Clozapine, a dibenzodiazepine antipsychotic exhibiting weak
dopaminergic activity and atypical pharmacological proper-
ties, is the choice antipsychotic for refractory schizophrenia,
schizoaffective disorder, and bipolar disorder [1–4]. Advan-
tages of clozapine include decreased positive symptoms of
schizophrenia such as voices and hallucinations and
decreased negative symptoms such as blunted affect and sui-
cidal behavior [5]. The decreased positive and negative
symptoms result in reduced need for hospitalization, rehabil-
itation, and subsequent health care costs [6]. However,
known and feared disadvantages include neutropenia and
life-threatening agranulocytosis [7, 8].

A benign form of neutropenia with an absolute
neutrophil count ðANCÞ < 1500 cells/μL [9] is known to

occur more frequently than clinically significant, agranulocy-
tosis, where ANC < 500 cells/μL [10]. A high risk of severe
and/or opportunistic infections is noted to be associated with
ANC <200 [9]. In 2008, clozapine-induced agranulocytosis
(CIA) had a known rate of seven cases per one million [11].
In 2006, the case fatality caused by CIA was estimated to be
4.2% to 16% [12]. In 2016, the observed mortality rate ranged
from 0.1 and 0.3 per thousand, and the case fatality rate was
estimated to be between 2.2 and 4.2 [13]. Standard estab-
lished protocol includes immediate discontinuation of cloza-
pine should white blood cell count reach <500 ANC [10, 14].
Patients’ WBC and ANC must be monitored daily until
WBC > 3000/mm3 and ANC > 1500/mm3 [7].

As more cases of CIA are occurring, more information
concerning prescribing this efficacious antipsychotic as well
as the treatment of CIA has become available. Here, we

Hindawi
Case Reports in Psychiatry
Volume 2021, Article ID 8816390, 6 pages
https://doi.org/10.1155/2021/8816390

https://orcid.org/0000-0001-7649-0753
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/8816390


T
a
bl
e
1:
T
re
at
m
en
t
co
ur
se

la
b
ta
bl
e.

T
re
at
m
en
t
da
y

T
re
at
m
en
t

da
y
0

T
re
at
m
en
t

da
y
1

T
re
at
m
en
t

da
y
2

T
re
at
m
en
t

da
y
3

T
re
at
m
en
t

da
y
4

T
re
at
m
en
t

da
y
5

T
re
at
m
en
t

da
y
6

T
re
at
m
en
t

da
y
7

T
re
at
m
en
t

da
y
8

T
re
at
m
en
t

da
y
9

T
re
at
m
en
t

da
y
10

T
re
at
m
en
t

da
y
11

T
re
at
m
en
t

da
y
12

La
b
va
lu
e

A
N
C
le
ve
l(
μ
L)

0.
05

0
0.
01

0.
01

0.
01

0.
01

0
0.
02

0.
04

0.
57

3.
97

11
.5
1

10
.3
8

W
B
C
(L
)

N
/A

0.
4

0.
4

0.
3

0.
2

0.
3

0.
2

0.
3

0.
4

1.
8

7
18
.7

N
/A

T
em

pe
ra
tu
re

m
ax

98
.8

98
.6

10
0.
7

10
3.
1

10
1

98
.5

99
.3

97
.3

98
.1

98
.6

97
.8

97
.7

98
.1

B
P

12
7/
79

14
4/
77

11
0/
59

11
3/
48

13
1/
59

10
1/
53

12
9/
61

12
7/
65

11
9/
64

13
0/
75

11
7/
65

13
0/
70

H
gb

(G
/D

L)
10
.4

9.
9

11
10
.5

9.
8

8.
9

8.
5

8
8

8.
6

9.
6

9.
3

8.
4

H
em

at
oc
ri
t
(%

)
33
.8

31
.8

36
.4

33
.6

31
.6

29
.3

27
.2

26
.3

26
.1

28
.1

32
.2

30
.6

28
.6

H
&
H

10
.4
/3
3.
8

9.
9/
31
.8

11
.0
/3
6.
4

10
.5
/3
3.
6

9.
8/
31
.6

8.
9/
29
.3

8.
5/
27
.2

8.
0/
26
.3

8.
0/
26
.1

8.
6/
28
.1

9.
6/
32
.2

9.
3/
30
.6

8.
4/
28
.6

B
U
N

N
/A

N
/A

38
36

46
55

77
70

57
43

33
29

25

C
R

N
/A

N
/A

1.
57

1.
93

2.
3

2.
8

3.
2

2.
45

1.
98

1.
69

1.
75

1.
55

1.
59

eG
FR

N
/A

N
/A

33
.6
1

26
.4
8

21
.6
3

17
.2
4

14
.7
8

20
.1
1

25
.7
1

30
.8
7

29
.6
5

34
.1
1

33
.1
2

V
al
pr
oa
te
le
ve
l

36
.5
L

50
.9
L

A
m
lo
di
pi
ne

do
se

10
m
g

10
m
g

10
m
g

N
ot

gi
ve
n

N
ot

gi
ve
n

10
m
g

10
m
g

10
m
g

R
ef
us
ed

10
m
g

10
m
g

10
m
g

10
m
g

D
oc
us
at
e
do

se
R
ef
us
ed

20
0
m
g

20
0
m
g

20
0
m
g

20
0
m
g

20
0
m
g

20
0
m
g

20
0
m
g

20
0
m
g

20
0
m
g

20
0
m
g

20
0
m
g

20
0
m
g

P
E
G
do

se
17

gr
am

s
17

gr
am

s

V
al
pr
oa
te
do

se
50
0
m
g
t.i
.d

50
0
m
g
t.i
.d

50
0
m
g
t.i
.d

50
0
m
g
t.i
.d

50
0
m
g
t.i
.d

50
0
m
g
t.i
.d

50
0
m
g
t.i
.d

50
0
m
g
t.i
.d

50
0
m
g
t.i
.d

50
0
m
g
t.i
.d

50
0
m
g
t.i
.d

50
0
m
g
t.i
.d

50
0
m
g
t.i
.d

Fi
lg
ra
st
im

do
se

N
/A

30
0
m
cg

30
0
m
cg

80
0
m
cg

80
0
m
cg

80
0
m
cg

N
/A

N
/A

80
0
m
cg

N
/A

N
/A

N
/A

N
/A

2 Case Reports in Psychiatry



describe a patient with longstanding schizoaffective disorder
who suffered from CIA after being transitioned to clozapine
due to failed trials of risperidone and olanzapine. Retrospec-
tive considerations of her placement on clozapine and sub-
sequent management of her CIA brought into question
many factors which do not have clear guidelines, including
official screening of risk factors which increase likelihood
of CIA, as well as clear clinical management for this feared
adverse event. This case report provides a spotlight on
many factors such as screening for chronic kidney disease
(CKD), human leukocyte antigen(HLA) typing, concurrent
valproate administration due to potential CYP interactions,
and management considerations such as dosing for filgras-
tim/G-CSF and timing of bone marrow biopsy. This analysis
aims for further study and ultimately future implementation
of screening and management guidelines for better informed
management of refractory schizophrenia treatment, reduced
cases of CIA, and improved management of CIA should
it occur.

2. Case Presentation

A 60-year-old Caucasian female nursing home resident was
brought in by EMS to the ED due to disorganized behavior,
auditory hallucinations, and disorganized speech with loos-
ening associations and was admitted to the inpatient psychi-
atric unit. Past psychiatric history included longstanding
schizoaffective disorder. As a psychiatric inpatient, after hav-
ing failed treatment with risperidone and olanzapine, the
patient was started on clozapine 25mg PO daily and was
titrated to 150mg PO BID over the course of 28 days.
Recorded WBC on day 28 of treatment was 4:5 × 109/L (4.5
to 11:0 × 109/L). On the 35th day of clozapine treatment,
the patient reported sore throat, nausea, diarrhea, and diffi-
culty falling asleep. WBC was found to be 0:2 × 109/L (4.5
to 11:0 × 109/L), and ANC was 0.05 [1.5 to 8.0 (1,500 to
8,000/mm3)]. The valproate level was 36.5 (50-100). Subse-
quently, the patient was transferred to the inpatient medicine
floor this same day due to clozapine-induced leukocytopenia
(day of transfer to medicine/Treatment day 0).

Past medical history included arthritis, deep vein throm-
bosis, chronic kidney disease (CKD) (stage 3), right bundle
branch block, left anterior fascicular block, syncope, and epi-
lepsy. On admission, patient was alert and oriented ×2 to self
and place. The patient reported sore throat, nausea, diarrhea,
and difficulty falling asleep. The patient denied headache,
shortness of breath, abdominal pain, dysuria, or urinary fre-
quency. The patient’s allergies included penicillamine, peni-
cillin, and shellfish. Active medications included sodium
valproate, amlodipine, docusate, and polyethylene glycol.
Physical exam was unremarkable, and vitals were within nor-
mal limits (See Table 1).

2.1. Treatment Course. On the day of transfer to medicine
(Treatment day 0-Table 1), clozapine was immediately dis-
continued, the patient was placed in reverse isolation, and a
throat culture was taken. On Treatment day 1, upon recom-
mendation from hematology, the patient received filgras-
tim/G-CSF 300mcg subcutaneously. The patient continued

this dosage of filgrastim for two days along with home dose
of valproate.

On Treatment day 3, the patient spiked a fever of 103.1°F.
A fever source was investigated, and an uncomplicated cellu-
litis on the abdominal wall was found. Filgrastim was
adjusted to a dose of 800mcg subcutaneous daily (see
Table 1), and the patient was administered acetaminophen,
aztreonam, clindamycin, and gentamicin while monitoring
the kidney function.

Gentamicin was discontinued on Treatment day 5 (two
days after initiation) when eGFR was 17.24 indicative of
AKI stage 4 (see Table 1). Aztreonam and clindamycin were
continued till Treatment day 6, and micafungin and merope-
nem administration began on Treatment day 7.

Patient status stabilized on Treatment day 10 when her
ANC count rose to 1.8, up from 0.4 on Treatment day 9
(See Table 1). The patient remained hospitalized an addi-
tional two days to correct electrolyte abnormalities.

3. Discussion

As CIA has become more prevalent, it has been noted that
risk factors and poor prognostic indicators include female
sex, increasing age, ANC < 100, preexisting renal, cardiac or
inflammatory disease comorbidities, and sepsis. [14]. Con-
sidering these factors, the 60 years of age in our female
patient, her CKD, the acquisition of cellulitis during her
treatment, and ANC of 5, we were satisfied with the treat-
ment course and outcome. However, other factors have been
noted in literature to potentially increase susceptibility of
CIA. Specific human leukocyte antigen (HLA) has been iden-
tified for increased susceptibility to CIA. Potential CYP reac-
tions in valproate, which remain unclear in literature, could
also potentially increase risk of CIA. And certain treatment
guidelines of CIA remain vague in literature. Clinical screen-
ing either separately or combined for many of these risk fac-
tors should be established. Additionally, consideration for a
standardized protocol for timeline and dosing of treatment
for CIA should be established.

3.1. Screening: Renal Failure and HLA. Though CIA is an
adverse event which occurs in less than 1% of adults with
psychiatric conditions [15], more research is being con-
ducted to determine risk factors which may increase the like-
lihood of patients developing this condition. By screening for
risk factors, we may mitigate the occurrence of these events.
It is noted that our patient who had a past medical history
of CKD was dosed with gentamicin upon initial fever of
103.1°F on Treatment day 3. Though gentamicin has known
nephrotoxic effects and was thus discontinued to prevent fur-
ther kidney toxicity, many case reports have suggested that
clozapine may induce and/or exacerbate renal failure and
nephritis [16–19]. While further research is necessary to
quantify the precise risk of clozapine on the kidney function,
prior to initiating a trial dose of clozapine, including a thor-
ough history, measuring a patient’s kidney function, or
eGFR, and BUN/creatinine panel in addition to weekly mon-
itoring of clozapine and ANC levels may reduce exacerbation
of CKD.
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Associations between susceptibility of CIA and human
leukocyte antigen (HLA) were initially reported in the
1990s [20]. In 2014, HLA-DQB1 and HLA-B alleles were spe-
cifically implicated in amino acid changes responsible for
patient’s susceptibility to CIA [21]. Currently, there is no
guidance on mandatory panels or screening for HLA alleles
prior to administration of clozapine though such screening
has been shown to be health and cost-effective [15]. While
the past medical history indicated that our subject had been
diagnosed with arthritis, we did not investigate which type
of arthritis. We performed HLA screening towards the end
of her CIA treatment and discovered that our patient was,
indeed, HLA-DQB1 and HLA-DQ2 positive. Had we imple-
mented HLA screening prior to initiating clozapine, we could
have potentially avoided her CIA.

3.2. Management Protocol for Clozapine-Induced
Agranulocytosis.While standard procedures for the manage-
ment of CIA have been established, many of the details
remain either up to physician determination or unestablished
guidelines. Filgrastim/G-CSF has been shown to decrease the
recovery time associated with agranulocytosis [7]. However,
there is not an established dose for filgrastim for the treat-
ment of CIA. There are established guidelines for filgras-
tim/G-CSF use in patients suffering from a number of
immunocompromising diseases and cancers [22]. However,
there is no direct guidance for administering filgrastim for
patients suffering from CIA. Filgrastim/G-CSF is available
in 300mcg or 480mcg vials or single dose syringes with rec-
ommended starting dose 5mcg/kg/day [22]. It is recom-
mended to be administered up to 2 weeks or until ANC has
reached 10,000/mm3 and is to be discontinued if ANC sur-
passes 10,000/mm3 after expected nadir [22].

In our patient, treatment of CIA took a total of 10 days of
which Neupogen was dosed a total of 6 days with dosages of
300mcg and 800mcg (see Table 1) for patient recovery to a
normal range of WBC 7L and ANC 3.97μL. Further study
may provide more efficient dosing and thus more expedient
and cost-effective care.

There also continues to be nebulous guidelines in man-
agement of CIA through the utilization of bone marrow aspi-
rate and biopsy. Current protocol in the initial studies for the
diagnosis of CIA includes CBC, white cell differential, exam-
ination of the peripheral smear, observation of recovery after
cessation of the drug in a healthy patient, bacterial and/or
viral studies if the patient is febrile, and a bone marrow aspi-
ration and biopsy [12, 14]. As the utilization of the bone mar-
row biopsy is to ascertain patient granulopoiesis status,
physicians may choose to begin filgrastim/G-CSF treatment
prior to performing a bone marrow aspirate. For our case,
hematology recommended bone marrow biopsy on Treat-
ment day 3 to rule out WBC aplasia; however, they suggested
performing the biopsy only if the increased filgrastim dose to
800mcg did not prove effective in improving neutrophils
levels. When peripheral blood screening revealed cellular
morphology categorized as normal, a bone marrow biopsy
was not performed on our subject. Importantly, upon litera-
ture review, there are no stated guidelines on when to per-
form the bone biopsy [10, 14].

3.3. Valproic Acid and CYP Effects. Finally, while clozapine
was immediately discontinued upon admission, valproate
was continued throughout the duration of treatment for the
patient’s schizoaffective disorder (see Table 1). There has
been suggestion that valproate may be a clozapine metabo-
lism inducer [23], the serum valproate level was subtherapeu-
tic 36.5 (50-100) on treatment day 0/admission to the
medicine floor, and the clozapine level was not taken at
admission; so, no definitive conclusion can be made. Other
studies suggest that valproate is a weak inhibitor of CYP
3A4 [24, 25] and potent CYP 2C9 inhibitor [26, 27]. Addi-
tionally, in 2018, the Malik et al. case control study of 136
cases found an association of increased risk of CIA in those
with concurrent use of sodium valproate and clozapine
[28]. These findings might suggest that our subjects’ concom-
itant dosing of valproate with her clozapine could have exac-
erbated the clozapine effect causing CIA. Should these
theories prove true on larger study, the decision to continue
the patient’s prescription of valproate during treatment for
CIA could have elongated the recovery process due to the
CYP inhibitor effects of valproate on clozapine levels. Future
investigation for drug interaction of valproate with clozapine
together should be studied. Should valproate prove to be a
CYP inhibitor, or exacerbate CIA, standardized guidelines
should indicate valproate be discontinued in future findings
of CIA, and alternative therapeutics should be explored.
Additionally, adjunctive use of lithium with clozapine has
been initially investigated to mitigate the level of neutropenia
for those experiencing CIA [29]. Additional study into
adjunct dosing of lithium should be investigated. Concurrent
use of valproate with clozapine, adjunct dosing of lithium,
and other patient risk factors may need to be considered
while determining proper individualized treatment.

4. Conclusion

Through this case of CIA in a patient with longstanding schi-
zoaffective disorder, CKD, and HLA-DQB1 and HLA-DQ2
positivity, the importance of implementing a standardized
screen which accounts for the renal function and HLA status
is imperative for safe practices in prescribing clozapine for
psychiatric disorders and mitigating the risk for CIA. Addi-
tionally, proper standardized monitoring of renal status
through the treatment process may also mitigate risk of
potential kidney failure. Further study is necessary to distin-
guish valproate’s role in agranulocytosis singularly or in con-
cert with clozapine. More detailed standardized guidelines
would be beneficial for treatment of CIA, should it occur.
As clozapine is known as a drug of last resort to be adminis-
tered when there is failure of more traditional, and risk averse
therapeutics, it is difficult to deny this treatment option, as it
ultimately implies that all other treatment options have been
exhausted. Proper screening and established protocol and
guidelines could increase the level of monitoring in patients
with known risk factors as revealed by the official screen. This
risk factor screen and subsequent monitoring could increase
the cost-effectiveness of clozapine treatment and decrease the
incidence and morbidity of this feared adverse event.
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CIA: Clozapine-induced agranulocytosis
ANC: Absolute neutrophil count
DVT: Deep vein thrombosis
CKD: Chronic kidney disease
AKI: Acute kidney injury
CYP: Cytochrome P450
EMS: Emergency medical services
ED: Emergency department
HLA: Human leukocyte antigen
G-CSF: Granulocyte-colony stimulating factor.
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