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Abstract 

Objectives  To describe the clinical characteristics and outcomes of cycloserine (CS)-induced psychosis in adults 
diagnosed with drug-resistant tuberculosis (DR-TB).

Materials and methods  A systematic review of case reports was carried out according to PRISMA guidelines. 
Subsequently, information was extracted concerning sociodemographic variables, clinical characteristics of psycho‑
sis, treatment, and clinical outcomes, as well as the quality of the articles using a standardized tool (Joanna Briggs 
Institute—JBI—Case Reports Tool).

Results  Of 3416 articles, 20 reports from seven countries were included, encompassing 22 patients (68.18% male 
participants, mean age: 31.45 ± 10.88 years). Delusions (68.2%, primarily persecutory) were the most frequent psy‑
chotic symptom. The median duration of the psychotic episode was 13 days (interquartile range: 35). Other frequently 
appearing symptoms in CS-induced psychosis were aggressiveness (68.2%), insomnia (59.1%), hallucinations (54.5%), 
incoherent/disorganized speech (45.5%), and irritability (45.5%). After antipsychotic treatment (81.81% of the reported 
cases were treated with at least one antipsychotic), 95.5% presented improvement, while 4.54% died by suicide. 
Finally, after the quality assessment of studies using the JBI tool, 85% of the articles showed a low risk of bias.

Conclusions  CS-induced psychosis is a rare presentation, generally of short duration, that includes delusions (mostly 
persecutory) as its main psychotic symptom and shows mostly a symptom improvement after medical treatment.
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Introduction
Tuberculosis (TB) is an infectious disease caused by 
Mycobacterium tuberculosis, currently having one 
of the highest mortality rates [1–3] and causing the 
death of approximately 1.3 million people worldwide 
[4–6]. In the last decades, a growing issue concern-
ing this infectious disease is the increasing number of 
cases resistant to first-line antibiotics (i.e., rifampicin 
and isoniazid), which also represents higher costs for 
health services and a higher burden of disease [7, 8]. 
As a solution to the treatment of TB-resistant patients, 
evidence-based guidelines and world medical societies 
contemplated different treatment options, including 
extended-spectrum antibiotics with robust effective-
ness, such as cycloserine (d-4-amino-3-isoxazolidine) 
[9–11]. The latter competitively inhibits two essential 
enzymes for the synthesis of the cell wall of Mycobac-
terium tuberculosis, exerting its antibiotic effect [12, 
13]. However, the therapy with cycloserine (CS) also 
correlates with the appearance of psychotic symptoms, 
since CS can penetrate the brain–blood barrier, inhibits 
GABA-transferase, and interacts with N-methyl-d-as-
partate (NMDA) receptors in the central nervous sys-
tem [14–16]. Although CS may induce psychosis during 
treatment, its appearance is considered a non-frequent 
condition among drug-resistant (DR) TB patients [17–
19]. For instance, a longitudinal study reported that in a 
group of 144 patients with multidrug-resistant (MDR-
TB) treated with CS, four patients (8%) developed psy-
chosis [12].

Moreover, a pharmacological safety and surveillance 
study estimated that the global combined prevalence of 
adverse drug reactions due to CS was 9%, and 5.7% for 
psychiatric disorders [17]. In addition, of the 445 safety 
reports of cases reported since 1970 attributed to CS, 
75% were attributed to neuropsychiatric conditions, and 
of these, 14% related to psychosis [17], considered in 
this study also a not very frequent condition. Since the 
appearance of induced psychosis during a CS treatment 
is very low, most published studies concerning cyclo-
serine-induced psychosis are restricted to case reports. 
Although case reports are unsuitable for inferring causal-
ity and cannot be extrapolated, they often provide essen-
tial aspects missing in population studies, especially in 
rare conditions [20], such as cycloserine-induced psycho-
sis. In this sense, conducting a systematic review of case 
reports would help summarize clinical and therapeutical 
aspects of CS-induced psychosis in MDR-TB over time 
[20–23]. Therefore, the main objective of this study is to 
perform a systematic review to describe the main clinical 
characteristics, comorbidities, therapy, and clinical out-
comes of the cases reported in the literature on cycloser-
ine-induced psychosis in DR-TB adult patients.

Materials and methods
Study selection criteria
First, we included studies that met the following inclu-
sion criteria: (1) case reports of patients over 18  years; 
(2) patients with the diagnosis of DR-TB (MDR-TB or 
extreme drug-resistant TB-XDR-TB-); (3) patients with 
DR-TB, which have developed psychosis due to the 
administration of CS; (4) case report articles, case series 
and letters to the editor describing TB patients with 
CS-induced psychosis including at least the following 
criteria: socioeconomic data, clinical presentation and 
description of the psychosis, course of the illness, psy-
chosis treatment, and clinical outcomes of the psychosis 
treatment.

In addition, we excluded studies if the reported partici-
pants were under 18 years, did not have TB, or were not 
in treatment with CS. Furthermore, we excluded studies 
with patients with a previous history of schizophrenia 
spectrum disorders or bipolar disorder, with illegal sub-
stance misuse during CS treatment, and with a current 
disease that could explain the induced psychosis (e.g., 
cerebral tumor or stroke) during the CS treatment. Stud-
ies that were not case report articles, case series articles, 
or manuscripts describing TB patients with CS-induced 
psychosis were excluded. Finally, articles that were not 
available as full-text were also excluded.

Search strategies
First, a systematic literature search was conducted 
between 07/23/2022 and 08/24/2022 in different scien-
tific literature databases, including MEDLINE (PubMed, 
National Center for Biotechnology Information, National 
Library of Medicine, United States of America), EBSCO 
(EBSCO Industries Incorporate, United States of Amer-
ica), Web of Science (Clarivate Analytics, United States 
of America), CENTRAL (Cochrane Central Register of 
Controlled Trials, Cochrane Library, United States of 
America), SciELO (Scientific Electronic Library Online, 
Brazil), and Google Scholar (Google Incorporate, United 
States of America). In each case, the literature search was 
carried out by combining different Boolean operators 
(e.g., “psychosis”, “tuberculosis”), having the word “cyclo-
serine” in the operator. More details concerning the sys-
tematic literature search, combination of Booleans, and 
the Boolean formulae are described in Additional file 1.

Finally, between 10/03/2022 and 10/05/2022, the 
search for articles was conducted again in the databases 
mentioned above using the same search strategy. We 
found 21 additional articles (3437 articles, Additional 
file 1); however, the additional articles were not relevant 
publications to this systematic review or they not fulfill 
the inclusion criteria, not affecting the results that we 
found, concluding the search on 10/05/2022.
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Selection process
Posteriorly, the literature search results were extracted 
as .csv, .ris, or .txt files, depending mainly on the search 
platform and database used. In the case of the search 
platform Google Scholar, we used the free access soft-
ware Publish or Perish [24, 25] to extract the results of 
the systematic literature search in the formats men-
tioned above. After extraction, all obtained data files 
were imported into the free access software Zotero v.6.09 
(Corporation for Digital Scholarship, United States of 
America) to remove duplicated articles or records.

Afterward, we exported the remaining data without 
duplicates in the web application Rayyan.ai [26], where 
the authors ACS, SVQ, and LUE independently selected 
all case reports, case series, and correspondence using 
the title or abstract related to cycloserine-induced psy-
chosis. Disagreements in the articles’ selection were 
resolved by consensus among all the authors. Later, each 
author performed a screening of the articles to exclude 
all those articles that did not meet the inclusion criteria. 
Likewise, the disagreements concerning inclusion and 
exclusion criteria were resolved under the consensus 
modality. Neither the year of publication of the articles 
nor their language was an exclusion criterion. In case of 
possible language issues, we used a free access translator 
(Google Translate, Google Inc., United States of Amer-
ica) to obtain the main information of the manuscript.

Quality of studies
The evaluation of the risk of bias and the quality assess-
ment was carried out using The Joanna Briggs Institute 
(JBI) Critical Appraisal tool for use in Systematic Reviews 
[27], which was designed to evaluate the methodological 
quality and the risk of bias in case report studies [28–31].

The remaining articles were randomly assigned to 
three authors (ACS, SVQ, and LUE). During the qual-
ity assessment, each author could not reveal to the other 
colleagues the title or content of randomly assigned arti-
cles to make the quality assessment procedure as blind as 
possible. Authors were also asked not to ask for help or 
support from other authors while reading and assessing 
the quality of the assigned case reports.

If the articles did not meet the criteria for a low risk 
of bias described in the JBI tool, the article was sent to a 
second reviewer for evaluation before exclusion. In this 
case, the second reviewer received the article without 
any previous assessment or judgment of the first one to 
avoid bias at the moment of the second quality assess-
ment. Finally, a third reviewer determined the article’s 
inclusion or exclusion in case of discrepancies between 
the first and the second evaluators. For this purpose, we 
established a structure for the quality assessment in the 

following order (first–second–third reviewer): ACS–
SVQ–LUE, LUE–ACS–SVQ, SVQ–LUE–ACS.

Naranjo adverse reaction probability scale
A frequent limitation of case reports is to establish cau-
sality in adverse drug reactions, and this is due to differ-
ent factors, such as the subjectivity of the case report and 
specific characteristics of the patient. One way to deal 
with these limitations and standardize the information 
presented is through the Naranjo algorithm (Naranjo 
Adverse Reaction Probability Scale) [32]. This tool is 
widely used in case reports and consists of 10 criteria 
with which a score is assigned that determines one of 
the four categories: doubtful (0 points), possible (1 to 4 
points), probable (5 to 8 points), and definite (≥ 9 points) 
[33].

If the included case report article did not report the 
scores following the Naranjo algorithm, we used the 
information described in the case reports to estimate the 
category corresponding to the Naranjo algorithm, as also 
recommended in other studies [34].

Data extraction
Concerning the data extraction, three authors (ACS, 
SVQ, LUE) independently carried out this process 
using a template programmed for the study in Micro-
soft Excel. Again, all included articles were randomly 
assigned among these three authors, collecting and reg-
istering information concerning (1) the year of publi-
cation, (2) patients’ sociodemographic characteristics 
(e.g., sex, age, and country), (3) clinical characteristics 
of the CS-induced psychosis, (4) treatment used against 
the psychotic episode (e.g., antipsychotic treatment, CS 
treatment discontinuation, CS dose reduction or main-
tenance), and (4) clinical outcomes of the CS-induced 
psychosis.

Statistical analysis
Since this systematic review sought mainly to describe 
the characteristics of CS-induced psychosis in the lit-
erature, we applied descriptive statistics to present the 
most frequent symptoms of CS-induced psychosis and 
the sociodemographic characteristics and treatment 
used. For this purpose, we presented the quantitative 
data using the appropriate measures of central tendency 
(mean with standard deviation and median with inter-
quartile range). Qualitative data, mostly dichotomous, 
were expressed using percentages and frequencies. If 
needed, data were presented in tables and graphs for bet-
ter readability. Concerning data analysis, SPSS software 
(International Business Machines Corporation, New 
York, United States of America), version 26.0, was used 
for the descriptive data.
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Results
General characteristics of the included reports 
and patients
Figure  1 shows the flow diagram according to the 
PRISMA protocol for the studies included in this sys-
tematic review of case reports. Initially, 3416 arti-
cles were identified; 1837 duplicates were eliminated, 
and 1579 publications remained. Subsequently, 1531 
articles were removed after reviewing the titles and 
abstracts because of irrelevance to the study objective. 
Of the remaining 48 articles, 24 could not be retrieved 
and were excluded, and 3 articles were excluded, since 
the reported patients were underage. Finally, 21 articles 
were assessed with the JBI tool after the screening. One 
article [35] was excluded from the quality assessment 
process due to the low quality of information presented 
and the high risk of bias.

A total of 20 articles [36–55] met the inclusion cri-
teria and survived the quality process, encompassing 
22 patients from eight different countries (Table  1) 
and most patients from India (10 patients, 45.45% of 
the cases included). One of the articles was published 
in Spanish [53] and another in Japanese [37], while the 
rest were published in English.

Of the 22 patients included in the case reports, 
15 (68.18%) were male, and 7 (31.82%) were female 

patients. In addition, the mean age (standard deviation) 
among the participants was 31.45 (10.88) years.

Regarding past medical history, 15 (68.18%) had no 
medical conditions. However, 2 (9.09%) patients had dia-
betes mellitus as comorbidity, 1 (4.54%) had hypothyroid-
ism, 1 (4.54%) had an episode of meningeal tuberculosis 
in the past, and 1 (4.54%) had suicide attempts during TB 
therapy. In this patient’s case, the study authors reported 
no relevant psychiatric history. Of the included studies, 
one patient had a family history of psychiatric disorders 
(major depression and bipolar disorder), and one patient 
had a family history of alcoholism; however, there were 
no reports of medical comorbidities for both patients. 
Finally, 19 (86.36%) reported having no illegal drug, alco-
hol, or nicotine dependency. However, 3 (13.64%) partici-
pants reported having used alcohol regularly in the past, 
and one (4.54%) patient reported the last use of canna-
bis and cocaine 9  weeks before admission. No reported 
patient consumed concomitantly illegal drugs or alcohol 
during the treatment with CS.

Clinical characteristics of DR‑TB patients and CS‑induced 
psychosis
Concerning the type of DR-TB patients, 21 of 22 patients 
(95.45%) had multidrug-resistant TB (MDR-TB), and one 
patient (4.54%) had renal tuberculosis (Table 1). Moreo-
ver, there were no patients with extreme drug-resistant 
TB (XDR-TB). Concerning the CS therapy, the mean 
dose (standard deviation) of CS given as treatment was 
631.58 (174.17) mg/die, and the mean duration of CS 
treatment (standard deviation) until the onset of psy-
chotic symptoms was 169.09 (239.52) days. Within the 
antitubercular treatment, the reported patients included 
in this systematic review received mostly drugs, such 
as pyrazinamide (14 patients, 63.6%), levofloxacin (12 
patients, 54.5%), ethionamide (12 patients, 54.5%), kana-
mycin (11 patients, 50%) and pyridoxine (10 patients, 
45.5%) (Table 1).

Table 1 also mentions the details of the clinical presen-
tations of the patients in the included case reports with 
MDR-TB and cycloserine-induced psychosis. Regarding 
the duration of psychosis, the median duration of psy-
chosis during treatment with cycloserine was 13  days 
(39–4  days; interquartile range: 35). The most common 
symptoms reported in patients with MDR-TB and cyclo-
serine-induced psychosis were delusions (15 patients; 
68.2%), followed by aggressiveness (15 patients; 68.2%), 
insomnia/decreased sleep (13 patients; 59.1%), hallucina-
tions (12 patients; 54.5%), irritability (10 patients; 45.5%) 
and incoherent or disorganized speech (10 patients; 
45.5%). Concerning the aggression observed in the case 
reports, 14 of 22 reported patients presented aggressive 
behavior, mostly against other persons, while one of the 

Fig. 1  PRISMA 2020 flow diagram of systematic search for case 
reports concerning CS-induced psychosis and tuberculosis. Flow 
diagram sample extracted from: Page et al. [63]



Page 5 of 19Cotrina‑Santome et al. Egypt J Neurol Psychiatry Neurosurg           (2023) 59:37 	

Ta
bl

e 
1 

In
cl

ud
ed

 c
as

e 
re

po
rt

 s
tu

di
es

 a
nd

 th
ei

r c
ha

ra
ct

er
is

tic
s

A
ut

ho
r 

an
d 

ye
ar

 o
f 

pu
bl

ic
at

io
n

A
oP

, 
se

x 
an

d 
co

un
tr

y

M
ai

n 
di

ag
no

si
s

PM
H

CS
 d

ai
ly

 
do

se
 (i

n 
m

g)

AT
T​

Ps
yc

ho
tic

 
sy

m
pt

om
s

O
th

er
 

ps
yc

hi
at

ri
c 

sy
m

pt
om

s

D
ur

at
io

n 
of

 
CS

-in
du

ce
d 

ps
yc

ho
si

s 
(in

 d
ay

s)

Tr
ea

tm
en

t
A

ux
ili

ar
y 

ex
am

in
at

io
n 

an
d 

im
ag

in
g 

pr
oc

ed
ur

es

N
ar

an
jo

 
A

D
R 

sc
or

e
O

ut
co

m
e

Sh
ek

ha
r 

et
 a

l., 
20

22
23

, F
, I

nd
ia

M
D

R 
tu

be
r‑

cu
la

r c
he

st
 

w
al

l a
bs

ce
ss

N
on

e
75

0
C

S,
 

et
hi

on
am

id
e,

 
le

vo
flo

xa
ci

n,
 

et
ha

m
bu

to
l

D
el

us
io

ns
 (o

f 
pe

rs
ec

us
io

n,
 

of
 re

fe
re

nc
e)

D
im

in
is

he
d 

ap
pe

tit
e,

 
em

ot
io

na
l 

la
bi

lit
y,

 
di

st
ur

be
d 

sl
ee

p,
 s

us
‑

pi
ci

ou
sn

es
s, 

fe
ar

fu
l a

ffe
ct

 
an

d 
ab

se
nt

 
in

si
gh

t

2
AT

T 
w

ith
ho

ld
 

(in
cl

ud
in

g 
C

S)
, t

re
at

‑
m

en
t w

ith
 

ris
pe

rid
on

e 
(2

 m
g/

d)
 a

nd
 

lo
ra

ze
pa

m
 

(2
 m

g/
d)

. 
A

ft
er

 2
d 

of
 

tr
ea

tm
en

t 
sh

ow
ed

 
im

pr
ov

em
en

t

H
b:

 1
1.

2 
g/

dL
, 

Le
uk

oc
yt

es
: 

11
00

0m
m

3,
 

BU
N

: 2
1 

m
g/

dL
, N

a+
: 

14
2 

m
Eq

/L
, 

K+
: 

2.
9 

m
Eq

/L
, 

TS
H

: 2
.3

2 
μI

U
/

m
L,

 A
ST

: 
92

 U
/L

, A
LT

: 
82

 U
/L

; c
C

T,
 

cM
RI

, T
ho

ra
x 

Rx
, H

IV
-t

es
t: 

no
 a

no
rm

al
i‑

tie
s 

de
te

ct
ed

Pr
ob

ab
le

Sy
m

pt
om

 
im

pr
ov

em
en

t 
(B

PR
S 

sc
or

e 
im

pr
ov

em
en

t 
fro

m
 5

2 
to

 
19

 p
oi

nt
s 

in
 

1 
m

on
th

)

W
az

ir 
et

 a
l., 

20
20

22
, F

, M
al

ay
‑

si
a

M
D

R-
TB

N
on

e
N

ot
 

re
po

rt
ed

C
S 

(a
ft

er
 9

d 
st

op
pe

d)
, 

is
on

ia
zi

de
, 

et
hi

on
am

id
e,

 
rif

am
pi

ci
ne

 
(a

ft
er

 4
0d

 
st

op
pe

d)
, 

py
ra

zi
‑

na
m

id
e,

 
m

ox
ifl

ox
ac

in
, 

ka
na

m
y‑

ci
n,

 P
A

S 
(s

us
pe

nd
ed

 
2 

tim
es

)

H
yp

er
se

xu
al

‑
ity

 (“
sh

e 
to

ok
 

off
 h

er
 c

lo
th

es
 

in
 p

re
se

nc
e 

of
 m

al
e 

an
d 

m
ak

in
g 

ki
ss

-
in

g 
ge

st
ur

es
”),

 
ps

yc
ho

m
o‑

to
r a

gi
ta

tio
n,

 
di

so
rg

an
iz

ed
 

be
ha

vi
or

Em
ot

io
na

l 
la

bi
lit

y,
 

ag
gr

es
si

ve
 

be
ha

vi
or

 
(e

.g
., 

sh
ou

t‑
in

g,
 y

el
lin

g)
, 

irr
ita

bi
lit

y,
 

el
at

ed
 m

oo
d

ap
ro

x.
 9

0
AT

T 
w

ith
ho

ld
 

(in
cl

ud
in

g 
C

S)
. I

ni
tia

lly
 

tr
ea

tm
en

t w
/

ha
lo

pe
rid

ol
 

(1
.5

–3
 m

g/
d)

, 
th

en
 o

la
nz

ap
‑

in
e 

(2
0 

m
g/

d)
 

an
d 

va
lp

ro
ic

 a
ci

d 
(8

00
 m

g/
d)

cC
T,

 L
P:

 n
o 

an
or

m
al

iti
es

 
de

te
ct

ed

Po
ss

ib
le

d
D

is
ch

ar
ge

 
ag

ai
ns

t m
ed

i‑
ca

l a
dv

ic
e,

 
ps

yc
ho

tr
op

ic
 

m
ed

ic
at

io
n 

w
ith

ho
ld

 a
ft

er
 

3d
 d

is
ch

ar
ge

, 
sy

m
pt

om
 

im
pr

ov
e‑

m
en

t (
no

 
BP

RS
 o

r Y
M

RS
 

re
po

rt
ed

)

In
tin

i e
t a

l., 
20

19
48

, F
, I

nd
ia

G
an

gl
io

na
r 

M
D

R-
TB

N
on

e
50

0
C

S,
 

ka
na

m
yc

in
, 

et
hi

on
am

id
e,

 
cl

of
az

im
in

e,
 

lin
ez

ol
id

, P
A

S 
an

d 
m

ox
i‑

flo
xa

ci
n

H
al

lu
ci

na
‑

tio
ns

 n
s, 

“u
ns

oc
ia

l” 
be

ha
vi

or

D
ro

w
si

ne
ss

, 
“d

ep
re

s‑
si

on
”, s

oc
ia

l 
w

ith
dr

aw
al

, 
“im

pa
irm

en
t 

at
 w

or
k”

, 
su

ic
id

e 
at

te
m

pt
s 

(3
×

 fr
om

 
a 

6t
h 

flo
or

 
ba

lc
on

y)

57
0

C
S 

w
ith

ho
ld

, 
st

er
oi

ds
 

ad
m

in
is

tr
at

ed
 

(s
w

el
lin

g 
in

 th
e 

rig
ht

 
ax

ill
a,

 m
g 

un
kn

ow
n)

 
pa

tie
nt

 
re

fu
se

d 
to

 ta
ke

 
an

tip
sy

ch
ot

‑
ic

s 
an

d 
to

ok
 

ho
m

eo
pa

th
ic

 
tr

ea
tm

en
ts

Th
or

ax
 R

x:
 n

o 
an

or
m

al
iti

es
 

de
te

ct
ed

Pr
ob

ab
le

d
Sy

m
pt

om
 

im
pr

ov
e‑

m
en

t (
no

 
BP

RS
 o

r Y
M

RS
 

re
po

rt
ed

)



Page 6 of 19Cotrina‑Santome et al. Egypt J Neurol Psychiatry Neurosurg           (2023) 59:37 

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r 

an
d 

ye
ar

 o
f 

pu
bl

ic
at

io
n

A
oP

, 
se

x 
an

d 
co

un
tr

y

M
ai

n 
di

ag
no

si
s

PM
H

CS
 d

ai
ly

 
do

se
 (i

n 
m

g)

AT
T​

Ps
yc

ho
tic

 
sy

m
pt

om
s

O
th

er
 

ps
yc

hi
at

ri
c 

sy
m

pt
om

s

D
ur

at
io

n 
of

 
CS

-in
du

ce
d 

ps
yc

ho
si

s 
(in

 d
ay

s)

Tr
ea

tm
en

t
A

ux
ili

ar
y 

ex
am

in
at

io
n 

an
d 

im
ag

in
g 

pr
oc

ed
ur

es

N
ar

an
jo

 
A

D
R 

sc
or

e
O

ut
co

m
e

M
ah

aj
an

 
et

 a
l., 

20
17

36
, M

, I
nd

ia
M

D
R-

TB
H

yp
ot

hy
ro

id
‑

is
m

75
0

C
S,

 
ka

na
m

yc
in

, 
et

hi
on

am
id

e,
 

le
vo

flo
xa

ci
n,

 
et

ha
m

bu
to

l, 
py

ra
zi

‑
na

m
id

e,
 

py
rid

ox
in

e

D
is

or
ga

n‑
iz

ed
 s

pe
ec

h 
(“i

rr
el

ev
an

t 
ta

lk
in

g”
), 

in
co

he
re

nt
 

an
sw

er
s

In
so

m
ni

a,
 

dr
op

 a
tt

ac
ks

, 
“in

ab
ili

ty
 to

 
do

 ro
ut

in
e 

w
or

k”
, v

er
tig

o

60
C

S 
w

ith
ho

ld
 

an
d 

so
m

e 
AT

T 
sw

itc
he

d,
 

tr
ea

tm
en

t 
w

ith
 o

la
nz

ap
‑

in
e 

(2
.5

 m
g/

d)
 

an
d 

lo
ra

ze
pa

m
 

(2
 m

g/
d)

H
b:

 1
0.

6 
g/

dL
, 

Le
uk

oc
yt

es
 

14
,0

00
 m

m
3 , 

ES
R:

 3
0 

m
m

/h
, 

BU
N

: 3
4,

 
C

re
at

in
in

e:
 

1.
1 

m
g/

dL
, 

A
ST

: 2
2 

IU
/m

L,
 

A
LT

:2
5,

 T
SH

: 
25

.6
 μ

IU
/m

L,
 

T3
:1

.0
2 

ng
/

m
L,

 T
4:

 5
.6

 n
g/

m
L,

 H
IV

-T
es

t 
ne

ga
tiv

e

Pr
ob

ab
le

Sy
m

pt
om

 
im

pr
ov

e‑
m

en
t (

no
 

BP
RS

 o
r Y

M
RS

 
re

po
rt

ed
; 

H
A

M
D

/H
A

M
A

 
at

 th
e 

be
gi

n‑
ni

ng
: 1

8/
13

)

Ç
ak

m
ak

 
et

 a
l., 

20
16

38
, M

, T
ur

ke
y

Sk
el

‑
et

al
 M

D
R-

TB
 

(s
po

nd
yl

o‑
di

sc
iti

s)

N
on

e
10

00
C

S,
 e

th
am

‑
bu

to
l, 

py
ra

zi
‑

na
m

id
e,

 P
A

S,
 

th
io

ac
et

a‑
zo

ne

Pe
rs

ec
ut

or
y 

de
lu

si
on

s 
(“f

am
ily

 w
er

e 
tr

yi
ng

 to
 

ha
rm

 h
im

 o
r 

po
is

on
 h

im
”),

 
vi

su
al

 h
al

‑
lu

ci
na

tio
ns

, 
hy

pe
rs

ex
u‑

al
ity

A
cc

el
er

at
ed

 
sp

ee
ch

, 
in

so
m

ni
a,

 
su

sp
i‑

ci
ou

sn
es

s, 
irr

ita
bi

lit
y,

 
st

er
eo

ty
pi

‑
ca

l b
eh

av
io

r 
(“l

ic
ki

ng
 a

nd
 

su
ck

in
g 

hi
s 

lip
s”

)

14
AT

T 
w

ith
ho

ld
 

(in
cl

ud
in

g 
C

S)
, t

re
at

m
en

t 
w

/o
la

nz
ap

in
e 

(2
0 

m
g/

d)

EE
G

: s
lo

w
 a

nd
 

dy
sr

hy
th

m
ic

 
ac

tiv
ity

 in
 

te
m

po
‑

ra
l l

ob
e;

 
bi

oc
he

m
ic

al
 

an
al

ys
is

, c
M

RI
, 

th
or

ax
 R

x,
 L

P:
 

no
 a

no
rm

al
i‑

tie
s 

de
te

ct
ed

Pr
ob

ab
le

d
Sy

m
pt

om
 

im
pr

ov
em

en
t 

(Y
M

RS
 fr

om
 4

4 
to

 2
)

Ja
in

 e
t a

l., 
20

16
24

, F
, N

ew
 

Ze
al

an
d

M
D

R-
TB

N
on

e
75

0
C

S,
 

m
ox

ifl
ox

ac
in

, 
am

ik
ac

in
, 

pr
ot

hi
on

a‑
m

id
e,

 P
A

S,
 

py
rid

ox
in

e

Pe
rs

ec
ut

or
y 

de
lu

si
on

s
La

bi
le

 m
oo

d,
 

hy
pe

r‑
vi

gi
la

nc
e,

 
da

yt
im

e 
so

m
no

le
nc

e,
 

ch
an

ge
 in

 
pe

rs
on

al
ity

, 
su

ic
id

al
 id

ea
‑

tio
n

14
C

S 
di

s‑
co

nt
in

ue
d 

cy
cl

os
er

in
e 

an
d 

in
iti

at
ed

 
cl

of
az

am
in

e 
50

 m
g.

 N
o 

an
tip

sy
ch

ot
ic

 
tr

ea
tm

en
t 

w
as

 g
iv

en

cM
RI

: b
ila

te
ra

l 
hy

pe
rin

te
ns

ity
 

in
 c

er
eb

el
la

r 
he

m
is

ph
er

es
 

(d
en

ta
te

 
nu

cl
ei

 a
nd

 
ad

ja
ce

nt
 

w
hi

te
 m

at
‑

te
r);

 C
BC

, 
bi

oc
he

m
ic

al
 

an
al

ys
is

, t
ho

‑
ra

x 
Rx

, L
P:

 n
o 

an
or

m
al

iti
es

 
de

te
ct

ed

Pr
ob

ab
le

d
Pa

rt
ia

l 
sy

m
pt

om
 

im
pr

ov
em

en
t 

(p
er

si
st

en
t 

lo
w

 g
ra

de
 

la
bi

le
 m

oo
d 

an
d 

ps
yc

ho
tic

 
sy

m
pt

om
s)

. 
Re

so
lu

tio
n 

of
 

cM
RI

 a
no

r‑
m

al
iti

es



Page 7 of 19Cotrina‑Santome et al. Egypt J Neurol Psychiatry Neurosurg           (2023) 59:37 	

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r 

an
d 

ye
ar

 o
f 

pu
bl

ic
at

io
n

A
oP

, 
se

x 
an

d 
co

un
tr

y

M
ai

n 
di

ag
no

si
s

PM
H

CS
 d

ai
ly

 
do

se
 (i

n 
m

g)

AT
T​

Ps
yc

ho
tic

 
sy

m
pt

om
s

O
th

er
 

ps
yc

hi
at

ri
c 

sy
m

pt
om

s

D
ur

at
io

n 
of

 
CS

-in
du

ce
d 

ps
yc

ho
si

s 
(in

 d
ay

s)

Tr
ea

tm
en

t
A

ux
ili

ar
y 

ex
am

in
at

io
n 

an
d 

im
ag

in
g 

pr
oc

ed
ur

es

N
ar

an
jo

 
A

D
R 

sc
or

e
O

ut
co

m
e

Ke
nn

ed
y 

et
 a

l., 
20

16
22

, M
, 

N
ig

er
ia

M
D

R-
TB

, 
tu

be
rc

ul
ar

 
ab

sc
es

s 
ne

ck
 

an
d 

gr
oi

n

N
on

e
75

0
C

S,
 

rif
am

pi
ci

n,
 

is
on

ia
zi

d,
 

et
hi

on
am

id
e,

 
ofl

ox
ac

in
 

an
d 

st
re

pt
o‑

m
yc

in

Pe
rs

ec
u‑

to
ry

 a
nd

 
gr

an
di

os
e 

de
lu

si
on

s, 
vi

su
al

 h
al

‑
lu

ci
na

tio
ns

, 
di

so
rg

an
iz

ed
 

sp
ee

ch
 (“

irr
a‑

tio
na

l t
al

ks
”),

 
ps

yc
ho

m
o‑

to
r a

gi
ta

tio
n

A
cc

el
er

at
ed

 
sp

ee
ch

, 
irr

ita
bl

e-
ag

gr
es

si
ve

 
be

ha
vi

or
, 

in
so

m
ni

a,
 

re
fu

sa
l t

o 
ea

t, 
re

st
le

ss
ne

ss
, 

eu
ph

or
ia

, 
ab

se
nt

 
in

si
gh

t

3
C

S 
w

as
 d

is
‑

co
nt

in
ua

te
d;

 
N

itr
az

ep
am

 
(2

.5
 m

g/
d)

, 
Vi

ta
m

in
 B

 
co

m
pl

ex

C
BC

, e
le

c‑
tr

ol
yt

e,
 u

re
a 

an
d 

C
r a

nd
 

ur
in

al
ys

is
, t

hy
‑

ro
id

 fu
nc

tio
n 

te
st

, H
IV

-t
es

t: 
no

 a
no

rm
al

i‑
tie

s 
de

te
ct

ed

Pr
ob

ab
le

W
ith

in
 4

8 
h 

BP
RS

 re
du

c‑
tio

n 
fro

m
 6

2 
to

 3
3;

 w
ith

in
 

72
 h

 m
ar

ke
d 

sy
m

pt
om

 
im

pr
ov

em
en

t

O
kp

at
ak

u 
et

 a
l., 

20
15

26
, M

, 
N

ig
er

ia
M

D
R-

TB
N

on
e

50
0

C
S,

 p
yr

az
in

a‑
m

id
e,

 p
ro

‑
te

on
am

id
e,

 
ka

na
m

yc
in

, 
le

vo
flo

xa
ci

n 
an

d 
vi

ta
m

in
 

B6

Pe
rs

ec
ut

or
y 

de
lu

si
on

s, 
ac

ou
st

ic
 a

nd
 

vi
su

al
 h

al
‑

lu
ci

na
tio

ns

In
so

m
ni

a,
 

ve
rb

al
 

ag
gr

es
si

ve
‑

ne
ss

, r
es

tle
ss

‑
ne

ss
, s

oc
ia

l 
w

ith
dr

aw
al

, 
bl

un
te

d 
aff

ec
t

12
C

S 
w

as
 

m
ai

nt
ai

ne
d;

 
tr

ea
tm

en
t 

w
ith

 h
al

op
er

i‑
do

l (
10

 m
g/

d)
 

an
d 

be
nz

he
xo

l 
(5

 m
g/

d)

Le
uk

oc
yt

es
: 

41
,0

00
 m

m
3 , 

H
C

T:
 4

1%
; 

bi
oc

he
m

i‑
ca

l a
na

ly
si

s, 
H

IV
-t

es
t: 

no
 

an
or

m
al

iti
es

 
de

te
ct

ed

Pr
ob

ab
le

Sy
m

pt
om

 
im

pr
ov

em
en

t 
af

te
r t

re
at

‑
m

en
t. 

N
ew

 
ps

yc
ho

tic
 e

pi
‑

so
de

 5
 w

ee
ks

 
af

te
r h

os
pi

ta
l 

di
sc

ha
rg

e 
an

d 
an

tit
ub

er
cu

la
r 

tr
ea

tm
en

t 
(7

 w
ee

ks
)

Sa
w

an
t e

t a
l., 

20
15

33
, F

, I
nd

ia
M

D
R-

TB
N

on
e

75
0

C
S,

 
ka

na
m

yc
in

, 
le

vo
flo

xa
ci

n,
 

et
hi

on
am

id
e 

an
d 

py
rid

ox
‑

in
e

D
el

us
io

na
l 

je
al

ou
sy

Irr
ita

bi
lit

y,
 

ag
gr

es
si

ve
 

be
ha

vi
or

 (n
ot

 
sp

ec
ifi

ed
), 

ap
pe

tit
e 

lo
ss

60
C

ha
ng

es
 in

 
C

S 
tr

ea
tm

en
t 

w
er

e 
no

t 
sp

ec
ifi

ed
, 

bu
t r

ec
om

‑
m

en
de

d;
 

tr
ea

tm
en

t 
w

ith
 h

al
op

‑
er

id
ol

 (1
.5

–
10

 m
g/

d)
, 

be
nz

he
xo

l 
(4

 m
g/

d)
 a

nd
 

ol
an

za
pi

ne
 

(5
–3

0 
m

g/
d)

Le
uk

oc
yt

es
: 

12
,0

00
 m

m
3 , 

C
PK

: 1
65

0 
U

I, 
BU

N
: 1

0 
m

g/
dL

, s
er

um
 

C
r: 

1.
2 

m
g/

dL
, m

yo
‑

gl
ob

in
e 

in
 

ur
in

e;
 h

ep
at

ic
 

en
zy

m
es

, 
cM

RI
, t

ho
ra

x 
Rx

, L
P:

 n
o 

an
or

m
al

iti
es

 
de

te
ct

ed
. 

Re
su

lts
 w

er
e 

ob
ta

in
ed

 d
ur

‑
in

g 
th

e 
N

M
S 

de
ve

lo
pe

d 
by

 
th

e 
pa

tie
nt

Pr
ob

ab
le

Sy
m

pt
om

 
im

pr
ov

em
en

t, 
ho

w
ev

er
, 

pa
tie

nt
 d

ev
el

‑
op

ed
 N

M
S



Page 8 of 19Cotrina‑Santome et al. Egypt J Neurol Psychiatry Neurosurg           (2023) 59:37 

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r 

an
d 

ye
ar

 o
f 

pu
bl

ic
at

io
n

A
oP

, 
se

x 
an

d 
co

un
tr

y

M
ai

n 
di

ag
no

si
s

PM
H

CS
 d

ai
ly

 
do

se
 (i

n 
m

g)

AT
T​

Ps
yc

ho
tic

 
sy

m
pt

om
s

O
th

er
 

ps
yc

hi
at

ri
c 

sy
m

pt
om

s

D
ur

at
io

n 
of

 
CS

-in
du

ce
d 

ps
yc

ho
si

s 
(in

 d
ay

s)

Tr
ea

tm
en

t
A

ux
ili

ar
y 

ex
am

in
at

io
n 

an
d 

im
ag

in
g 

pr
oc

ed
ur

es

N
ar

an
jo

 
A

D
R 

sc
or

e
O

ut
co

m
e

H
ol

la
 e

t a
l., 

20
15

42
, M

, I
nd

ia
M

D
R-

TB
Fa

m
ily

 h
is

to
ry

 
of

 b
ip

ol
ar

 
di

so
rd

er
 a

nd
 

M
D

D

75
0

C
S,

 
le

vo
flo

xa
ci

n,
 

ka
na

m
cy

in
, 

et
hi

on
am

id
e,

 
py

ra
zi

‑
na

m
id

e,
 

et
ha

m
bu

to
l, 

py
rid

ox
in

e

Pe
rs

ec
ut

or
y 

de
lu

si
on

s, 
ha

llu
ci

na
‑

tio
ns

 n
s, 

di
so

rg
an

iz
ed

 
sp

ee
ch

 w
ith

 
m

on
ol

og
ue

s, 
di

so
rg

an
iz

ed
 

be
ha

vi
or

, 
ap

at
hi

c

Lo
go

rr
he

a,
 

cr
yi

ng
, 

in
so

m
ni

a,
 

irr
ita

bi
lit

y,
 

co
ns

ta
nt

 
su

ic
id

al
 id

ea
‑

tio
ns

, s
ui

ci
de

 
at

te
m

pt
s 

(2
–3

), 
em

ot
io

na
l 

la
bi

lit
y,

 m
oo

d 
sw

in
gs

, v
er

‑
ba

l a
gg

re
s‑

si
ve

 b
eh

av
io

r, 
re

st
le

ss
‑

ne
ss

, s
oc

ia
l 

w
ith

dr
aw

al
, 

fe
ar

fu
l

19
4

C
S 

w
as

 
st

op
pe

d 
im

m
ed

ia
te

ly
; 

tr
ea

tm
en

t 
fir

st
 w

ith
 

qu
et

ia
pi

ne
 

(2
5 

m
g/

d)
, 

th
en

 o
la

nz
ap

‑
in

e 
(2

0 
m

g/
d)

N
ot

 re
po

rt
ed

Pr
ob

ab
le

Sy
m

pt
om

 
im

pr
ov

e‑
m

en
t (

no
 

BP
RS

 o
r Y

M
RS

 
re

po
rt

ed
)

Ta
nd

on
 

et
 a

l., 
20

15
45

, M
, I

nd
ia

M
D

R-
TB

N
on

e
50

0
C

S,
 

ka
na

m
yc

in
, 

le
vo

flo
xa

ci
n,

 
et

hi
on

am
id

e,
 

py
ra

zi
‑

na
m

id
e,

 
py

rid
ox

in
e

D
is

or
ga

ni
ze

d 
sp

ee
ch

A
gg

re
ss

iv
e 

be
ha

vi
or

 
(v

er
ba

l),
 

an
xi

et
y,

 
re

st
le

ss
ne

ss
, 

in
so

m
ni

a,
 

lo
ss

 o
f i

nt
er

‑
es

t (
w

or
k,

 
fa

m
ily

 a
nd

 
cl

ot
he

s)
, 

ap
pe

tit
e 

lo
ss

7
C

S 
su

s‑
pe

nd
ed

. 
Tr

ea
tm

en
t 

w
ith

 h
al

op
er

i‑
do

l (
10

 m
g/

d)
, 

pr
om

et
ha

zi
ne

 
(5

0 
m

g/
d)

, 
ol

an
za

pi
ne

 
(2

0 
m

g/
d)

, 
ni

tr
az

ep
am

 
(2

0 
m

g/
d)

 
an

d 
th

ia
m

in
e 

(3
00

 m
g/

d)

H
b:

 8
.2

 g
/d

L,
 

Le
uk

oc
yt

es
 

18
,0

00
 m

m
3 , 

G
lu

co
se

: 
80

 m
g/

dL
, 

ES
R:

 4
2 

m
m

/h
, 

BU
N

: 2
3 

m
g/

dL
, s

er
um

 
C

r: 
0.

5 
m

g/
dL

, s
er

um
 

bi
lir

ub
in

: 
5.

4 
m

g/
dL

, 
A

ST
: 1

92
 m

g/
dL

, A
LT

: 
20

2 
m

g/
dL

, 
H

IV
-T

es
t n

eg
a‑

tiv
e;

 th
or

ax
 

X-
ra

y:
 b

ila
te

ra
l 

fib
ro

tic
 le

si
on

s 
in

 u
pp

er
 

zo
ne

s, 
ul

tr
a‑

so
no

gr
ap

hy
 

ab
do

m
en

 a
nd

 
co

m
pu

te
d 

to
m

og
ra

ph
y 

sc
an

: n
o 

an
or

m
al

iti
es

 
de

te
ct

ed

Pr
ob

ab
le

Sy
m

pt
om

 
im

pr
ov

em
en

t 
(B

PR
S 

3r
d 

da
y:

 
33

, n
o 

po
st

-
va

lu
e)

, p
at

ie
nt

 
sh

ow
ed

 
he

pa
tic

 
dy

sf
un

ct
io

n 
du

rin
g 

tr
ea

t‑
m

en
t



Page 9 of 19Cotrina‑Santome et al. Egypt J Neurol Psychiatry Neurosurg           (2023) 59:37 	

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r 

an
d 

ye
ar

 o
f 

pu
bl

ic
at

io
n

A
oP

, 
se

x 
an

d 
co

un
tr

y

M
ai

n 
di

ag
no

si
s

PM
H

CS
 d

ai
ly

 
do

se
 (i

n 
m

g)

AT
T​

Ps
yc

ho
tic

 
sy

m
pt

om
s

O
th

er
 

ps
yc

hi
at

ri
c 

sy
m

pt
om

s

D
ur

at
io

n 
of

 
CS

-in
du

ce
d 

ps
yc

ho
si

s 
(in

 d
ay

s)

Tr
ea

tm
en

t
A

ux
ili

ar
y 

ex
am

in
at

io
n 

an
d 

im
ag

in
g 

pr
oc

ed
ur

es

N
ar

an
jo

 
A

D
R 

sc
or

e
O

ut
co

m
e

Be
he

ra
 e

t a
l., 

20
14

25
, M

, I
nd

ia
M

D
R-

TB
2 

su
ic

id
e 

at
te

m
pt

s 
(h

an
gi

ng
, 

ju
m

pi
ng

 fr
om

 
a 

1s
t fl

oo
r)

N
ot

 
re

po
rt

ed
C

S,
 

et
hi

on
am

id
e,

 
et

ha
m

bu
to

l, 
le

vo
flo

xa
ci

n,
 

py
ra

zi
na

‑
m

id
e

Vi
su

al
 a

nd
 

ac
ou

st
ic

 h
al

‑
lu

ci
na

tio
ns

 
(“r

ep
or

te
d 

of
 a

 s
en

se
 

of
 m

ac
hi

ne
s 

m
ov

in
g 

an
d 

ta
lk

in
g 

in
si

de
 

hi
s 

br
ai

n”
), 

di
so

rg
an

‑
iz

ed
 s

pe
ec

h 
(“i

nc
oh

er
en

t 
sp

ee
ch

, 
ab

no
rm

al
 

ta
lk

”)

In
so

m
ni

a,
 

an
xi

et
y 

sy
m

p‑
to

m
s 

(n
ot

 
de

sc
rib

ed
), 

ab
no

rm
al

 
w

hi
st

lin
g 

so
un

ds
 in

 th
e 

ea
rs

32
C

S 
w

ith
ho

ld
; 

tr
ea

tm
en

t 
w

ith
 ri

sp
er

i‑
do

ne
 a

nd
 

cl
on

az
ep

am
 

(d
os

es
 n

ot
 

sp
ec

ifi
ed

)

N
ot

 re
po

rt
ed

Po
ss

ib
le

d
Vi

ol
en

t s
ui

ci
de

 
w

ith
 m

ul
tip

le
 

se
lf-

in
ju

rie
s 

w
ith

 a
 k

ni
fe

 to
 

th
e 

ch
es

t a
nd

 
ab

do
m

en

A
ria

s, 
G

 e
t a

l., 
20

14
22

, M
, P

er
u

M
D

R-
TB

A
lc

oh
ol

, 
co

ca
in

e 
an

d 
ca

nn
ab

is
 

co
ns

um
pt

io
na

75
0

C
S,

 a
m

ik
ac

in
, 

PA
S,

 p
yr

az
i‑

na
m

id
e,

 
et

ha
m

bu
to

l, 
ci

pr
ofl

ox
ac

in

Pe
rs

ec
ut

or
y 

de
lu

si
on

s, 
de

lu
si

on
s 

of
 

re
fe

re
nc

e,
 

ac
ou

st
ic

 h
al

‑
lu

ci
na

tio
ns

Irr
ita

bi
lit

y,
 

ag
gr

es
si

ve
 

be
ha

vi
or

 
(v

er
ba

l)

5
C

S 
w

ith
ho

ld
; 

tr
ea

tm
en

t 
w

ith
 h

al
op

er
i‑

do
l (

3 
m

g/
d)

N
ot

 re
po

rt
ed

Pr
ob

ab
le

Sy
m

pt
om

 
im

pr
ov

em
en

t 
(B

PR
S 

or
 Y

M
RS

 
no

t s
pe

ci
fie

d)

Sh
ar

m
a 

et
 a

l., 
20

14
20

, F
, I

nd
ia

M
en

in
ge

al
 

M
D

R-
TB

N
on

e
75

0
C

S,
 

le
vo

flo
xa

ci
n,

 
is

on
ia

zi
de

, 
rif

am
pi

ci
ne

Pe
rs

ec
ut

or
y 

de
lu

si
on

s, 
de

lu
si

on
s 

of
 

re
fe

re
nc

e,
 

ha
llu

ci
na

‑
tio

ns
 n

s, 
di

so
rg

an
‑

iz
ed

 s
pe

ec
h 

(“t
al

ki
ng

 
irr

el
ev

an
tly

”) 
an

d 
be

ha
vi

or
 

(m
on

o‑
lo

gu
es

)

Irr
ita

bi
lit

y,
 

ag
gr

es
si

ve
 

be
ha

vi
or

 
(v

er
ba

l),
 

ac
ce

le
ra

te
d 

sp
ee

ch

3
C

S 
su

s‑
pe

nd
ed

; t
re

at
‑

m
en

t w
ith

 
qu

et
ia

pi
ne

 
(2

5 
m

g/
d)

(B
ef

or
e 

ps
yc

ho
si

s)
 

ES
R 

el
ev

at
ed

, 
LP

: i
nc

re
as

ed
 

pr
ot

ei
ns

 
(1

40
 m

g%
), 

in
cr

ea
se

d 
ce

ll 
nu

m
be

r 
(8

0 
ce

lls
, 9

0%
 

ly
m

ph
oc

yt
es

); 
cM

RI
: n

o 
an

or
m

al
iti

es
 

de
te

ct
ed

Pr
ob

ab
le

Sy
m

pt
om

 
im

pr
ov

em
en

t 
(B

PR
S 

or
 Y

M
RS

 
no

t s
pe

ci
fie

d)



Page 10 of 19Cotrina‑Santome et al. Egypt J Neurol Psychiatry Neurosurg           (2023) 59:37 

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r 

an
d 

ye
ar

 o
f 

pu
bl

ic
at

io
n

A
oP

, 
se

x 
an

d 
co

un
tr

y

M
ai

n 
di

ag
no

si
s

PM
H

CS
 d

ai
ly

 
do

se
 (i

n 
m

g)

AT
T​

Ps
yc

ho
tic

 
sy

m
pt

om
s

O
th

er
 

ps
yc

hi
at

ri
c 

sy
m

pt
om

s

D
ur

at
io

n 
of

 
CS

-in
du

ce
d 

ps
yc

ho
si

s 
(in

 d
ay

s)

Tr
ea

tm
en

t
A

ux
ili

ar
y 

ex
am

in
at

io
n 

an
d 

im
ag

in
g 

pr
oc

ed
ur

es

N
ar

an
jo

 
A

D
R 

sc
or

e
O

ut
co

m
e

O
tu

 e
t a

l., 
20

14
28

, M
, 

N
ig

er
ia

M
D

R-
TB

N
on

e
75

0
C

S,
 p

yr
az

i‑
na

m
in

de
, 

ka
na

m
yc

in
, 

le
vo

flo
xa

ci
n,

 
pr

ot
hi

on
a‑

m
id

e,
 

py
rid

ox
in

e

Pe
rs

ec
ut

or
y 

de
lu

‑
si

on
s 

w
ith

 
ne

ga
tiv

is
m

, 
di

so
rg

an
iz

ed
 

be
ha

vi
or

 
(m

on
o‑

lo
gu

es
), 

vi
su

al
 a

nd
 

ac
ou

st
ic

 h
al

‑
lu

ci
na

tio
ns

A
gg

re
ss

iv
e 

be
ha

vi
or

 
(p

hy
si

ca
l),

 
ap

pe
tit

e 
lo

ss
, 

in
so

m
ni

a

9
C

S 
re

du
ct

io
n 

(5
00

 m
g/

d)
; 

tr
ea

tm
en

t 
in

iti
al

ly
 w

ith
 

di
az

ep
am

, 
ch

lo
rp

ro
m

a‑
zi

ne
, h

al
o‑

pe
rid

ol
 a

nd
 

be
nz

he
xo

l; 
th

en
 c

hl
or

‑
pr

om
az

in
e 

w
ith

ho
ld

s 
an

d 
ol

an
‑

za
pi

ne
 w

as
 

ad
de

d 
(d

os
es

 
no

t s
pe

ci
fie

d)

(B
ef

or
e 

ps
yc

ho
si

s)
 

H
b:

 1
1.

6 
g/

dL
, t

ho
ra

x 
Rx

: fi
br

ot
ic

 
st

ra
nd

s 
in

 th
e 

le
ft

 u
pp

er
 

lu
ng

 z
on

e 
w

ith
 d

iff
us

e 
pu

lm
on

ar
y 

in
fil

tr
at

es
 

in
 th

e 
le

ft
 

m
id

dl
e 

an
d 

lo
w

er
 lu

ng
 

zo
ne

s; 
ot

he
r 

ro
ut

in
ar

y 
ev

al
ua

tio
ns

 
w

er
e 

un
re

‑
m

ar
ka

bl
e

Pr
ob

ab
le

d
Sy

m
pt

om
 

im
pr

ov
em

en
t 

(B
PR

S 
or

 Y
M

RS
 

no
t s

pe
ci

fie
d)

Ba
kh

la
 e

t a
l., 

20
13

21
, M

, I
nd

ia
G

an
gl

io
na

r 
M

D
R-

TB
M

en
in

ge
al

 T
B

50
0

C
S,

 
et

hi
on

am
id

e,
 

ofl
ox

ac
in

, 
st

re
pt

om
yc

in

D
el

us
io

ns
 

of
 g

ra
nd

eu
r, 

ps
yc

ho
m

o‑
to

r a
gi

ta
tio

n 
(“i

nc
re

as
ed

 
ps

yc
ho

m
o‑

to
r a

ct
iv

ity
”)

Lo
go

rr
he

a,
 

el
at

ed
 a

ffe
ct

, 
de

cr
ea

se
d 

ne
ed

 fo
r 

sl
ee

p,
 

irr
ita

bl
e-

ag
gr

es
si

ve
 

be
ha

vi
or

 (n
ot

 
sp

ec
ifi

ed
), 

in
cr

ea
se

d 
en

er
gy

, o
ve

r‑
fa

m
ili

ar
ity

, 
an

d 
in

fla
te

d 
se

lf-
es

te
em

10
C

S 
w

ith
ho

ld
; 

tr
ea

t‑
m

en
t w

ith
 

va
lp

ro
ic

 a
ci

d 
(7

50
 m

g/
d)

 
an

d 
ol

an
za

p‑
in

e 
(5

 m
g/

d)

N
ot

 re
po

rt
ed

Pr
ob

ab
le

Sy
m

pt
om

 
im

pr
ov

em
en

t 
(a

t b
eg

in
‑

ni
ng

: Y
M

RS
 

of
 3

8,
 B

PR
S 

of
 

51
; a

ft
er

 3
d:

 
YM

RS
 o

f 1
5,

 
BP

RS
 o

f 3
3;

 
af

te
r 1

0d
: n

o 
si

gn
 o

f m
an

ic
 

sy
m

pt
om

s)



Page 11 of 19Cotrina‑Santome et al. Egypt J Neurol Psychiatry Neurosurg           (2023) 59:37 	

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r 

an
d 

ye
ar

 o
f 

pu
bl

ic
at

io
n

A
oP

, 
se

x 
an

d 
co

un
tr

y

M
ai

n 
di

ag
no

si
s

PM
H

CS
 d

ai
ly

 
do

se
 (i

n 
m

g)

AT
T​

Ps
yc

ho
tic

 
sy

m
pt

om
s

O
th

er
 

ps
yc

hi
at

ri
c 

sy
m

pt
om

s

D
ur

at
io

n 
of

 
CS

-in
du

ce
d 

ps
yc

ho
si

s 
(in

 d
ay

s)

Tr
ea

tm
en

t
A

ux
ili

ar
y 

ex
am

in
at

io
n 

an
d 

im
ag

in
g 

pr
oc

ed
ur

es

N
ar

an
jo

 
A

D
R 

sc
or

e
O

ut
co

m
e

Sa
rk

ar
 e

t a
l., 

20
11

18
, M

, I
nd

ia
M

D
R-

TB
N

on
e

N
ot

 
re

po
rt

ed
C

S,
 k

an
am

y‑
ci

n,
 p

yr
az

i‑
na

m
id

e,
 

ofl
ox

ac
in

, 
et

hi
on

am
id

e 
an

d 
et

ha
m

‑
bu

to
l

Pe
rs

ec
ut

or
y 

de
lu

si
on

s, 
de

lu
si

on
s 

of
 

re
fe

re
nc

e,
 

vi
su

al
 a

nd
 

ac
ou

st
ic

 h
al

‑
lu

ci
na

tio
ns

, 
di

so
rg

an
iz

ed
 

be
ha

vi
or

 
(m

on
o‑

lo
gu

es
)

In
so

m
ni

a,
 

ap
pe

tit
e 

lo
ss

, s
oc

ia
l 

w
ith

dr
aw

al
, 

an
xi

ou
s 

an
d 

fe
ar

fu
l 

ap
pe

ar
an

ce
, 

ne
gl

ec
t o

f 
pe

rs
on

al
 

hy
gi

en
e,

 
re

du
ce

d 
ps

yc
ho

m
ot

or
 

ac
tiv

ity
 w

ith
 

in
cr

ea
se

d 
re

ac
tio

n 
tim

e

14
C

S 
w

as
 m

ai
n‑

ta
in

ed
; t

re
at

‑
m

en
t w

ith
 

ol
an

za
pi

ne
 

(1
0 

m
g/

d)

N
ot

 re
po

rt
ed

Po
ss

ib
le

d
Sy

m
pt

om
 

im
pr

ov
e‑

m
en

t (
no

 
BP

RS
 o

r Y
M

RS
 

re
po

rt
ed

)

Fu
jit

a 
et

 a
l., 

20
08

45
, M

, J
ap

an
M

D
R-

TB
A

lc
oh

ol
b  

an
d 

to
ba

cc
o 

co
ns

um
pt

io
n 

(1
2.

5 
py

)

50
0

C
S,

 
et

hi
on

am
id

e,
 

ka
na

m
yc

in
, 

py
ra

zi
na

‑
m

id
e,

 P
A

S,
 

ga
tifl

ox
ac

in

Se
lf-

di
so

r‑
de

rs
 (“

m
y 

ot
he

r s
el

f 
is

 tr
yi

ng
 to

 
he

lp
 m

e”
), 

di
so

rg
an

iz
ed

 
sp

ee
ch

 (“
I’m

 
ob

se
ss

ed
 

w
ith

 s
om

e‑
th

in
g 

ba
d”

), 
de

re
al

iz
at

io
n 

(“I
s 

it 
re

al
 o

r 
no

t?
”)

“A
bn

or
m

al
” 

be
ha

vi
or

 (n
ot

 
sp

ec
ifi

ed
), 

“g
ra

du
al

ly
” 

w
or

se
ne

d

30
C

S 
w

ith
ho

ld
, 

no
 p

sy
ch

op
‑

ha
rm

ac
ol

og
ic

 
tr

ea
tm

en
t 

gi
ve

n

H
b 

11
.4

 g
/

dL
, l

eu
ko

‑
cy

te
s 

60
80

/
µL

, p
la

te
le

ts
 

33
4,

00
0/

µL
, 

A
ST

: 1
5 

IU
/L

, 
A

LT
 1

8 
IU

/L
, 

LD
H

 1
10

 IU
/L

, 
se

ru
m

 b
ili

ru
‑

bi
n 

0.
4 

m
g/

dL
, B

U
N

 
14

 m
g/

dL
, C

r: 
0.

75
 m

g/
dL

, 
ES

R 
46

 m
m

/h
, 

th
or

ax
 R

x:
 

bi
la

te
ra

l 
up

pe
r l

ob
e 

ra
di

op
ac

iti
es

, 
th

or
ax

 C
T:

 
ca

vi
tie

s 
in

 
bo

th
 u

pp
er

 
lo

be
s; 

cM
RI

, 
LP

, H
IV

-t
es

t: 
no

 
ab

no
rm

al
iti

es
 

de
te

ct
ed

Po
ss

ib
le

d
Sy

m
pt

om
 

im
pr

ov
em

en
t 

(B
PR

S 
or

 Y
M

RS
 

no
t s

pe
ci

fie
d)



Page 12 of 19Cotrina‑Santome et al. Egypt J Neurol Psychiatry Neurosurg           (2023) 59:37 

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r 

an
d 

ye
ar

 o
f 

pu
bl

ic
at

io
n

A
oP

, 
se

x 
an

d 
co

un
tr

y

M
ai

n 
di

ag
no

si
s

PM
H

CS
 d

ai
ly

 
do

se
 (i

n 
m

g)

AT
T​

Ps
yc

ho
tic

 
sy

m
pt

om
s

O
th

er
 

ps
yc

hi
at

ri
c 

sy
m

pt
om

s

D
ur

at
io

n 
of

 
CS

-in
du

ce
d 

ps
yc

ho
si

s 
(in

 d
ay

s)

Tr
ea

tm
en

t
A

ux
ili

ar
y 

ex
am

in
at

io
n 

an
d 

im
ag

in
g 

pr
oc

ed
ur

es

N
ar

an
jo

 
A

D
R 

sc
or

e
O

ut
co

m
e

Ba
nk

ie
r e

t a
l., 

19
65

31
, M

, 
Ca

na
da

Ri
gh

t r
en

al
 

TB
A

lc
oh

ol
 u

se
c , 

fa
m

ily
 h

is
to

ry
 

of
 a

lc
oh

ol
is

m

25
0

C
S,

 s
tr

ep
to

‑
m

yc
in

, P
A

S,
 

is
on

ia
zi

de

Pe
rs

ec
ut

or
y 

de
lu

si
on

s, 
de

lu
si

on
s 

of
 

gr
an

de
ur

, 
di

so
rg

an
iz

ed
 

sp
ee

ch

A
gg

re
ss

iv
e 

be
ha

vi
or

 
(p

hy
si

ca
l),

 
re

st
le

ss
ne

ss
, 

fla
t a

ffe
ct

, 
ju

dg
em

en
t 

im
pa

irm
en

t, 
de

pe
rs

on
‑

al
iz

at
io

n 
(“a

 
fe

el
in

g 
of

 
st

ra
ng

en
es

s 
ab

ou
t h

is
 

bo
dy

, a
s 

if 
hi

s 
br

ai
n 

w
as

 
ch

an
ge

d”
)

4
C

S 
su

s‑
pe

nd
ed

; 
tr

ea
tm

en
t 

w
ith

 c
hl

or
‑

pr
om

az
in

e 
(4

00
 m

g/
d)

BU
N

: 1
3 

m
g/

dL
, G

lu
co

se
: 

11
6 

m
g/

dL
; 

C
BC

, u
rin

e 
te

st
, E

EG
 

an
d 

EC
G

: n
o 

ab
no

rm
al

iti
es

 
de

te
ct

ed

Pr
ob

ab
le

d
Sy

m
pt

om
 

im
pr

ov
em

en
t 

(B
PR

S 
an

d 
YM

RS
 n

ot
 

re
po

rt
ed

)

D
un

ga
 e

t a
l., 

20
15

48
, F

, N
ig

er
ia

M
D

R-
TB

D
M

50
0

C
S,

 k
an

a‑
m

yc
in

, p
ro

‑
th

io
na

m
id

e,
 

le
vo

flo
xa

ci
n,

 
py

ra
zi

na
‑

m
id

e 
an

d 
py

rid
ox

in
e

Pe
rs

ec
ut

or
y 

de
lu

si
on

s, 
ha

llu
ci

na
‑

tio
ns

 n
s, 

di
so

rg
an

iz
ed

 
be

ha
vi

or
 

(“i
rr

at
io

na
l”)

So
ci

al
 w

ith
‑

dr
aw

n,
 s

us
‑

pi
ci

ou
sn

es
s, 

ag
gr

es
si

ve
 

be
ha

vi
or

 (n
ot

 
sp

ec
ifi

ed
), 

an
d 

in
so

m
ni

a

3
C

S 
te

m
po

ra
l 

w
ith

ho
ld

‑
in

g 
fo

r 7
2 

h;
 

tr
ea

tm
en

t 
w

ith
 c

hl
or

‑
pr

om
az

in
e 

(1
00

 m
g/

d)
, 

ha
lo

pe
rid

ol
 

(1
0 

m
g/

d)
 

an
d 

be
nz

he
xo

l 
(1

0 
m

g/
d)

C
BC

, H
IV

-t
es

t, 
bi

oc
he

m
i‑

ca
l a

na
ly

si
s, 

gl
uc

os
e,

 li
ve

r 
en

zy
m

es
 a

nd
 

re
na

l p
ar

am
‑

et
er

s: 
no

 
an

or
m

al
iti

es
 

de
te

ct
ed

Pr
ob

ab
le

Sy
m

pt
om

 
im

pr
ov

em
en

t 
(B

PR
S 

an
d 

YM
RS

 n
ot

 
re

po
rt

ed
)

23
, M

, 
N

ig
er

ia
N

on
e

50
0

C
S,

 c
ap

re
o‑

m
yc

in
, p

ro
‑

th
io

na
m

id
e,

 
le

vo
flo

xa
ci

n,
 

py
ra

zi
na

‑
m

id
e 

an
d 

py
rid

ox
in

e

D
is

or
ga

n‑
iz

ed
 s

pe
ec

h 
(“i

rr
el

ev
an

t 
ta

lk
”, “

un
u‑

su
al

 c
la

im
s”

), 
ps

yc
ho

m
o‑

to
r a

gi
ta

tio
n

In
so

m
ni

a
14

C
S 

te
m

po
ra

l 
w

ith
ho

ld
‑

in
g 

(7
2 

h)
; 

tr
ea

tm
en

t 
w

ith
 c

hl
or

‑
pr

om
az

in
e 

(2
00

 m
g/

d)
, 

ris
pe

rid
on

e 
(1

0 
m

g/
d)

 
an

d 
ha

lo
pe

ri‑
do

l (
10

 m
g/

d)

Pr
ob

ab
le



Page 13 of 19Cotrina‑Santome et al. Egypt J Neurol Psychiatry Neurosurg           (2023) 59:37 	

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r 

an
d 

ye
ar

 o
f 

pu
bl

ic
at

io
n

A
oP

, 
se

x 
an

d 
co

un
tr

y

M
ai

n 
di

ag
no

si
s

PM
H

CS
 d

ai
ly

 
do

se
 (i

n 
m

g)

AT
T​

Ps
yc

ho
tic

 
sy

m
pt

om
s

O
th

er
 

ps
yc

hi
at

ri
c 

sy
m

pt
om

s

D
ur

at
io

n 
of

 
CS

-in
du

ce
d 

ps
yc

ho
si

s 
(in

 d
ay

s)

Tr
ea

tm
en

t
A

ux
ili

ar
y 

ex
am

in
at

io
n 

an
d 

im
ag

in
g 

pr
oc

ed
ur

es

N
ar

an
jo

 
A

D
R 

sc
or

e
O

ut
co

m
e

52
, M

, 
N

ig
er

ia
D

M
50

0
C

S,
 c

ap
re

o‑
m

yc
in

, p
ro

‑
th

io
na

m
id

e,
 

le
vo

flo
xa

ci
n,

 
py

ra
zi

na
‑

m
id

e 
an

d 
py

rid
ox

in
e

Pe
rs

ec
ut

or
y 

de
lu

si
on

s, 
vi

su
al

 a
nd

 
ac

ou
st

ic
 h

al
‑

lu
ci

na
tio

ns
, 

di
so

rg
an

‑
iz

ed
 s

pe
ec

h 
("

ta
lk

ed
 

irr
at

io
na

ly
")

So
ci

al
 

w
ith

dr
aw

n,
 

lo
go

rr
he

a,
 

ag
gr

es
si

ve
 

be
ha

vi
or

 
(d

es
tr

uc
tiv

e,
 

vi
ol

en
t)

4
C

S 
do

se
 

te
m

po
ra

r‑
ily

 re
du

ce
d 

(2
50

 m
g)

 a
nd

 
in

cr
ea

se
d 

ba
ck

; t
re

at
‑

m
en

t w
ith

 
ch

lo
r‑

pr
om

az
in

e 
(2

00
 m

g/
d)

, 
ris

pe
rid

on
e 

(1
0 

m
g/

d)
, 

ha
lo

pe
rid

ol
 

(1
0 

m
g/

d)

Pr
ob

ab
le

Ao
P 

ag
e 

of
 p

ar
tic

ip
an

t, 
AL

T 
al

an
in

e 
am

in
ot

ra
ns

fe
ra

se
, A

TT
​ a

nt
itu

be
rc

ul
ar

 tr
ea

tm
en

t, 
AS

T 
as

pa
rt

at
e 

am
in

ot
ra

ns
fe

ra
se

, B
PR

S 
br

ie
f p

sy
ch

ia
tr

ic
 ra

tin
g 

sc
al

e,
 B

U
N

 b
lo

od
 u

re
a 

ni
tr

og
en

, C
BC

 c
om

pl
et

e 
bl

oo
d 

co
un

t, 
cC

T 
ce

re
br

al
 

co
m

pu
te

d 
to

m
og

ra
ph

y,
 C

T 
co

m
pu

te
d 

to
m

og
ra

ph
y,

 c
M

RI
 c

ra
ni

al
 m

ag
ne

tic
 re

so
na

nc
e 

im
ag

in
g,

 C
PK

 c
re

at
in

in
e 

ph
os

ph
ok

in
as

e,
 C

r c
re

at
in

in
e,

 C
S 

cy
cl

os
er

in
e,

 D
M

 d
ia

be
te

s 
m

el
lit

us
, E

EG
 e

le
ct

ro
en

ce
ph

al
og

ra
m

, E
CG

 e
le

ct
ro

‑
ca

rd
io

gr
am

, E
SR

 e
ry

th
ro

cy
te

 s
ed

im
en

ta
tio

n 
ra

te
, F

 fe
m

al
e,

 H
AM

D
/H

AM
A 

H
am

ilt
on

 d
ep

re
ss

io
n 

sc
al

e/
H

am
ilt

on
 a

nx
ie

ty
 s

ca
le

, H
CT

 h
em

at
oc

rit
, H

b 
he

m
og

lo
bi

n,
 H

IV
 h

um
an

 im
m

un
od

efi
ci

en
cy

 v
iru

s, 
K 

po
ta

ss
iu

m
, L

P 
lu

m
ba

r 
pu

nc
tu

re
, L

D
H

 la
ct

at
e 

de
hy

dr
og

en
as

e,
 M

RI
 m

ag
ne

tic
 re

so
na

nc
e 

im
ag

in
g,

 M
 m

al
e,

 M
D

R-
TB

 m
ul

tid
ru

g-
re

si
st

an
t 

tu
be

rc
ul

os
is

, M
D

D
 m

aj
or

 d
ep

re
ss

iv
e 

di
so

rd
er

, N
M

S 
ne

ur
ol

ep
tic

 m
al

ig
na

nt
 s

yn
dr

om
e,

 N
a 

so
di

um
, P

AS
 p

ar
a-

am
in

o 
sa

lic
yl

ic
 a

ci
d,

 P
M

H
 p

as
t m

ed
ic

al
 h

is
to

ry
, T

3 
tr

iio
do

th
yr

on
in

e,
 T

4 
th

yr
ox

in
e,

 T
SH

 th
yr

oi
d-

st
im

ul
at

in
g 

ho
rm

on
e,

 T
B 

tu
be

rc
ul

os
is

, R
x 

ra
di

og
ra

ph
y,

 Y
RM

S 
Yo

un
g 

M
an

ia
 R

at
in

g 
Sc

al
e

a  L
as

t a
lc

oh
ol

 c
on

su
m

pt
io

n 
9 

w
ee

ks
 b

ef
or

e 
ad

m
is

si
on

b  P
at

ie
nt

 d
id

 n
ot

 p
re

se
nt

 s
ig

ns
 o

f a
lc

oh
ol

 d
ep

en
de

nc
y 

or
 c

on
su

m
pt

io
n 

be
fo

re
 a

nd
 d

ur
in

g 
th

e 
CS

 th
er

ap
y

c  D
ue

 to
 h

is
 re

na
l i

nf
ec

tio
n,

 th
e 

pa
tie

nt
 h

ad
 b

ee
n 

dr
in

ki
ng

 v
er

y 
lit

tle
 a

nd
 w

as
 n

ot
 in

to
xi

ca
te

d.
 P

at
ie

nt
 d

en
ie

d 
cu

rr
en

t a
lc

oh
ol

 d
ep

en
de

nc
y

d  In
 c

as
e 

th
e 

N
ar

an
jo

 a
lg

or
ith

m
 h

ad
 n

ot
 b

ee
n 

de
sc

rib
ed

 in
 th

e 
ca

se
 re

po
rt

s, 
w

e 
ca

lc
ul

at
ed

 th
e 

sc
or

e 
ac

co
rd

in
g 

to
 th

e 
in

fo
rm

at
io

n 
pr

es
en

te
d 

in
 th

e 
ar

tic
le



Page 14 of 19Cotrina‑Santome et al. Egypt J Neurol Psychiatry Neurosurg           (2023) 59:37 

22 included patients presented self-aggression (Table 2). 
In this last case, the patient died as a result of suicide 
due to exsanguination as a cause of self-injury cuts in the 
peripheral vessels.

In the case of the registry of the type of hallucina-
tions, there are records of 12 (54.5%) patients reported 
in the included clinical cases. Of these, two (9.1%) of the 
patients presented visual hallucinations, one (4.54%) pre-
sented auditory hallucinations, five (22.7%) a combina-
tion of both, and in four cases (18.2%), the hallucination 
type was not specified (Table 2).

Concerning the type of delusions, 7 of 9 patients 
(77.8%) reported persecutory delusions, one of 9 patients 
(11.11%) reported delusions of grandeur and 1 of 9 
patients (11.11%) reported jealous delusions. Finally, 6 
patients reported two delusional symptoms (Table 2). Of 
them, four of 6 patients (66.67%) reference and persecu-
tory delusions, and two of 6 patients (33.33%) had perse-
cutory and delusions of grandeur (Table 2).

Clinical treatment of MDR‑TB patients with CS‑induced 
psychosis
Treatment of cycloserine-induced psychosis varied 
between reported patients. Of the 22 patients reported, 

only 4 (18.2%) did not receive antipsychotic treatment. 
Of the remaining 18 (81.8%) patients reported, the major-
ity (10 patients; 45.5%) received monotherapy with one 
antipsychotic (2 participants received risperidone, four 
olanzapine, two haloperidol, 1 received quetiapine, and 1 
received chlorpromazine). Of the patients who received 
a combination of 2 antipsychotics (4 patients, 18.2%), 
two received a combination with olanzapine and halop-
eridol, 1 received chlorpromazine and haloperidol, and 
one patient received olanzapine and quetiapine. Finally, 
four patients (18.2%) received a combination of three 
antipsychotics: 2 of them received chlorpromazine + ris-
peridone + haloperidol, 1 of them received haloperi-
dol + promethazine + olanzapine, and 1 of them received 
haloperidol + chlorpromazine + olanzapine.

Of the adjuvant treatments to antipsychotic therapy, six 
(27.2%) patients received benzodiazepines (lorazepam, 
nitrazepam, and clonazepam), 3 (13.6%) patients received 
anticholinergic agents (benzhexol), and 1 (4.54%) 
received valproic acid.

Parallel to psychopharmacological therapy, 11 (50%) 
of the reported patients stopped receiving CS, while 
2 (9.19%) continued CS treatment, and 2 (9.19%) 
reported patients the dose of CS was reduced (Table 1). 

Table 2  Main characteristics of psychiatric symptoms in patients with cycloserine-associated psychosis

Symptoms n Percentage (%)

Delusions 15

 Participants with one delusion 9

  Persecutory 7 77.8

  Delusions of grandeur 1 11.11

  Jealousy 1 11.11

 Participants with two delusions 6

  Persecutory and delusion of grandeur 4 66.67

  Persecutory and delusions of reference 2 33.33

Aggressiveness 14

 Aggressiveness against others 13 59.1

 Self-aggressiveness 1 4.54

Formal thought disorders (FTD) 13

 Participants with one FTD 10

  Incoherent/disorganized speech 7 36.8

  Monologues 2 10.5

  Accelerated speech 1 5.3

 Participants with two FTDs 3

  Incoherent/disorganized speech and monologues 2 66.67

  Incoherent/disorganized speech and accelerated speech 1 33.33

Hallucinations 12

 Visual and acoustic hallucinations 5 22.7

 Only visual hallucinations 2 9.1

 Only acoustic hallucinations 1 4.54

 Not specified/not described 4 18.2
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In addition, two reported patients (9.19%) had their 
cycloserine dose wholly suspended for a defined period 
(Table 1). Finally, in 3 (13.6%) reported cases, the antitu-
bercular therapy (including CS) was withheld (Table 1).

Finally, 20 of the 22 reported patients (90.9%) presented 
a clinical improvement of psychotic symptoms with the 
reported therapeutic strategies. On the other hand, only 
one patient reported partial symptom improvement with 
low-grade labile mood and psychosis (Table 1). Finally, in 
the case of one patient, suicide was committed by exsan-
guination by cutting himself in different regions of the 
body and did not present an improvement in psychotic 
symptoms despite treatment (Table 1).

Quality assessment of case reports: CS‑induced psychosis 
in DR‑TB patients
In general, the quality of the case reports was good, 
showing that the vast majority of the articles had a low 
risk of bias (Additional file 2). In this sense, it was deter-
mined that 17 (85%) of the reports presented a very low 
risk, while 3 (15%) presented a low risk. A total of 3 (15%) 
studies did not report the number of doses of cycloser-
ine used in patients with MDR-TB. On the other hand, 
in the case of the record of symptoms, of the reported 
cases that described the presence of hallucinations, 4 
(20%) studies did not specify what type of hallucinations 
they were (e.g., visual or auditory). Finally, only one study 
described the use of cycloserine for treating MDR-TB 
after using other antibiotics. At the same time, the rest of 
the reported cases indicate a concomitant use of cyclo-
serine with other antibiotics. The quality assessment of 
the individual studies is in detail in Additional file 2.

In the case of the probability of the reaction to an 
adverse event, in this case, psychosis induced by cyclo-
serine, a total of 6 articles used the Naranjo algorithm in 
patients who use cycloserine. In case this algorithm had 
not been described in the case reports, the score was 
established according to the information presented in the 
article. Of the reported articles, 18 showed a “probable” 
Naranjo index for cycloserine-induced psychosis (5–8 
points), while the rest scored as “possible” (1–4 points).

Discussion
The following systematic review of case reports iden-
tified 20 articles (years of publication between 1965 
and 2022) concerning CS-induced psychosis in DR-TB 
patients (mean age: 31.45 years), whose majority did not 
present comorbidities. Furthermore, the median dura-
tion of the CS-induced psychosis was 13  days, and the 
most prevalent psychotic symptom among the patients 
was delusions (mostly persecutory). Concerning the 
antipsychotic treatment against CS-induced psychosis, it 
was found that most received at least one antipsychotic, 

and parallelly CS treatment was stopped. Of the reports 
included in this review, 20 of 22 patients showed a clini-
cal improvement. However, only one reported patient 
(treatment: risperidone and clonazepam) committed sui-
cide by inflicting himself on multiple cuts and, therefore, 
dying of exsanguination. Finally, most of the included 
case reports showed a very low risk of bias at the time of 
evaluation; also, the Naranjo index showed psychosis as a 
“probable” adverse reaction of CS in most of the reports.

Regarding the sociodemographic data, there are simi-
larities between our findings and previous studies with 
CS-induced psychosis. For example, a retrospective study 
reported that younger ages represented a risk factor for 
CS-induced psychosis [56]. In another observational 
study, a mean age of 35.7 years was reported in a sample 
of 144 patients, as well as a predominance of males in the 
sample, similar to the sample characteristics of our study 
[12].

To the best of our knowledge, this is the first systematic 
review of case reports which describes the psychopathol-
ogy of CS-induced psychosis in reported DR-TB patients. 
Our results showed that delusions of persecution are the 
most frequent psychotic symptoms among the reported 
cases. Other studies with experimental designs, for 
instance that used CS as adjuvant treatment for 8 weeks 
in schizophrenic patients, also demonstrated a frequency 
increase in delusions, grandiosity, and hostility [57]. 
Finally, similar results are reported in an experimental 
study that found an exacerbation of psychotic symptoms 
through CS in a small group of patients with schizophre-
nia (hallucinations, an acute persecutory delusion, psych-
omotor agitation, thought disorganization, and catatonic 
symptoms) or caused a confusional psychosis (mainly 
including an obnubilation of consciousness and formal 
thought disorders with speech acceleration, that occur 
especially in intoxications) with circadian disorders [58].

Currently, some studies support the role of CS as a par-
tial agonist of NMDA receptors binding to glycine sites 
[57, 59]. However, at high doses, CS can act as NMDA 
receptor (NMDAR) antagonists [60, 61], generating or 
worsening psychotic symptoms, as reported, for instance, 
in patients with schizophrenia [57, 62]. In addition, the 
dose-dependent NMDA antagonism could also explain 
the induced psychosis of the reported patients with 
DR-TB, receiving CS doses between 250 and 1000  mg. 
However, an observational study found that CS concen-
trations and the area under the curve were not associated 
with the appearance of psychotic symptoms in patients 
with MDR-TB [12], remaining unclear the pharmaco-
logical mechanisms of CS psychosis induction in patients 
with DR-TB.

Regarding the treatment of CS-induced psychosis, 
most reported patients presented an improvement with 
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the administration of antipsychotic agents and the dis-
continuation of CS. This characteristic varies accord-
ing to the literature reports, since a retrospective study 
shows the improvement of psychosis in most patients by 
reducing or temporarily suspending the CS dose [56]. 
However, the results of both studies agree that a reduc-
tion in CS exposure and the administration of antip-
sychotics reduces the frequency of the appearance of 
psychotic symptoms produced by CS.

Finally, the Naranjo adverse reaction scale showed 
that the induction of psychosis due to CS is probable (5 
to 8 points). Some case reports presented values on the 
Naranjo scale (6 articles); however, the remaining reports 
did not mention a score in the Naranjo algorithm, which 
the authors of this study finally calculated. Naranjo’s 
tool may have some disadvantages, among which is the 
variability of the numerical score due to the evaluator’s 
opinion. In addition, the lack of information described in 
the article to qualify certain criteria could make it diffi-
cult to assess the probability of an adverse reaction in the 
case, for example, of external evaluators who were not 
involved in the treatment of the patient. This difficulty 
in reproducibility has been analyzed in other studies by 
comparing the score assigned by the same authors of the 
case report and that obtained by evaluators only with the 
information provided by the article [34]. In this case, it 
is observed that despite variation in the numerical score, 
this did not influence a significant change in the assigned 
category [34].

The main strength of the present study includes a 
description, through a systematic search, of psychotic 
symptoms in patients who use CS due to DR-TB, since 
psychosis due to CS is less frequent (between 8 and 14%) 
[12, 17].

However, it is important to mention that this study has 
limitations that must be considered. First, the small sam-
ple size of this systematic review. Second, some reports 
presented incomplete data (e.g., the characterization of 
hallucinations or the dose of CS). In addition, five arti-
cles did not present auxiliary tests (routine laboratories, 
diagnostic imaging, electrophysiology, etc.). Regarding 
the study’s methodology, this systematic review of case 
reports is based on non-systematized clinical informa-
tion, which influenced the presentation of the details and 
the quality of the articles included, being a limitation of 
the study. Likewise, this study is not appropriate to deter-
mine the causality of the psychotic event due to the non-
randomized and anecdotal methodology of the clinical 
cases. Finally, the accessibility of some articles was very 
restricted, despite contacting the corresponding authors 
on multiple occasions, in such a way that in these cases, 
only the abstract of the case report or the title of the 
report was available.

Conclusions
In light of our results, we conclude that the most frequent 
psychotic symptom of CS-induced psychosis was perse-
cutory delusions. In addition, CS-induced psychosis is of 
short duration that shows mostly a symptom improve-
ment after medical treatment, involving the CS withhold/
suspension and antipsychotic treatment. Future studies 
should clarify possible associations between psychotic 
symptoms and CS serum concentrations and observe the 
risk factors associated with the development of psychosis 
due to CS in patients with DR-TB.

In clinical practice, it is important for practitioners to 
be aware of the potential adverse effect of cycloserine 
(psychosis) and conduct thorough patient evaluations 
during admission and follow-up rounds. If there are 
symptoms that suggest acute psychotic disorders, it is 
advisable to consult with a hospital psychiatrist, such as 
a liaison psychiatry service. In cases where a patient may 
be developing psychosis, coordination with a hospital 
psychiatrist is crucial to explore possible organic causes 
of psychosis and conduct a comprehensive third-party 
medical history to assess if there were similar psychotic 
symptoms in the past. The diagnosis of a cycloserine 
adverse effect should be considered if the induced psy-
chosis is causally related and other causes are ruled out. 
Unfortunatelly, there are no biomarkers to indicate drug-
induced psychosis, so close clinical examination and fol-
low-up of the patient is essential in such cases.
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