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Abstract 

Background Serotonin syndrome and Parkinson’s disease (PD) are two diseases whose symptoms partially overlap; 
this poses challenges in distinguishing them in clinical practice. Early manifestations such as tremor, akathisia, diapho-
resis, hypertonia and hyperreflexia are common in mild-to-moderate serotonin syndrome and can also occur in PD. 
Without prompt recognition and treatment, serotonin syndrome can rapidly progress, potentially leading to severe 
complications such as multiple organ failure within hours. Given their disparate treatment strategies, accurate clinical 
distinction is crucial for effective treatment. This case study explores a patient with serotonin syndrome triggered 
by escitalopram in the context of PD psychosis (PDP), providing insights into diagnosis and treatment planning.

Case presentation A 75-year-old Asian woman with a one-year history of PD, a two-month history of PDP, and a six-
year history of depression presented with symptoms including hyperreflexia, tremor, hypertonia, impaired level 
of consciousness, and inappropriate behavior following a recent one-month adjustment in medication. Initially sus-
pected of being drug-induced parkinsonism or worsening PD, therapeutic drug monitoring revealed warning levels 
of escitalopram. Subsequent diagnoses confirmed serotonin syndrome. This syndrome may result from increased cor-
tical serotonin activity at the serotonin2A receptor due to dopamine and serotonin imbalances in PDP, compounded 
by increased dopamine-mediated serotonin release. Additionally, being an intermediate metabolizer of cytochrome 
P450 enzyme 2C19, the patient experienced excessive escitalopram accumulation, exacerbating her condition.

Conclusions This case underscores the critical need to differentiate between symptoms of serotonin syndrome 
and PD, particularly in manifestations like tremor and hypertonia. Careful consideration of receptor profiles in patients 
with PDP is essential when selecting antidepressants to mitigate the risk of serotonin syndrome.

Keywords Parkinson’s disease psychosis, Serotonin syndrome, Escitalopram, Case report

Background
Serotonin syndrome is a rapidly progressing and poten-
tially life-threatening adverse drug reaction triggered 
by serotoninergic medications. It arises from excessive 

activation of postsynaptic serotonin receptors, mani-
festing in symptoms affecting both the central and 
peripheral nervous system [1]. Typical clinical features 
include an altered mental state, autonomic dysfunction, 
and neuromuscular excitement [2]. Parkinson’s disease 
(PD) is a neurodegenerative disorder characterized by 
motor symptoms such as bradykinesia, rigidity, trem-
ors, and changes in gait and posture reflexes [3]. Early-
stage serotonin syndrome symptoms, such as tremor 
and hypertonia, partially overlap with PD manifesta-
tions, posing significant challenges in clinical differen-
tiation [4]. Herein, we report the case of a patient with 
PD psychosis (PDP) who was undergoing treatment with 
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escitalopram and was subsequently diagnosed with sero-
tonin syndrome. This report highlights the differences 
between serotonin syndrome and PD, emphasizing the 
use of therapeutic drug monitoring (TDM) and genetic 
testing to elucidate possible pathogenic mechanisms.

Case presentation
The patient was a 75-year-old woman with a six-year 
history of depression and a two-month history of PDP. 
On July 14, 2023, she was admitted to the hospital due 
to visual hallucinations and inappropriate behavior. 
Upon admission, the patient began treatment with levo-
dopa/benserazide 0.125  g tid and quetiapine 12.50  mg 
qn. Three days later (July 17), in response to recurring 
depressive symptoms, escitalopram 5  mg qd was added 
to her regimen based on her medication history. The 
dosage of levodopa/benserazide was gradually reduced 
to 0.0625 g bid and quetiapine increased to 37.5 mg qn 
to manage persistent hallucinations and inappropriate 
behavior by July 19.

After a 12-day hospitalization (July 25), the patient 
reported no further hallucinations but continued to 
exhibit impaired insight and inappropriate nighttime 
behavior. Consequently, the dosage of quetiapine was 
reduced to 25  mg qn. To address persistent depression, 
escitalopram was gradually increased to 20 mg qd by July 
28. On August 7, levodopa/benserazide was adjusted to 
0.0625 g tid for bradykinesia.

However, by day 26 (August 8), the patient had devel-
oped impaired level of consciousness and alteration 
in language. As a result, the dosages of quetiapine and 
escitalopram were reduced to 12.5 mg qn and 10 mg qd, 
respectively. Two days later (August 10), she exhibited 
apathy, a slight neck tilt, sialorrhea, and urinary incon-
tinence. Vital signs were: blood pressure 146/80 mmHg, 

heart rate 89 beats/minute, respiratory rate 18 breaths/
minute, and temperature 36.3 °C. A physical examination 
revealed hypertonia and mild tremors. During the men-
tal status examination, the patient exhibited impaired 
level of consciousness, disorientation, and a lack of coop-
eration. Laboratory tests showed no significant abnor-
malities, and a head scan indicated no changes from the 
initial admission.

Initially diagnosed with drug-induced parkinsonism 
(DIP), treatment included intravenous infusions of vita-
mins C and  B6, potassium chloride, and benzhexol 2 mg 
qd (Fig. 1). Despite treatment, her symptoms of hyperto-
nia, tremors, hyperreflexia, neck stiffness, and neck tilt 
persisted over the next 24 h. Quetiapine levels measured 
11.9 ng/ml, which was below the therapeutic range.

On August 11, the dosage of benzhexol was adjusted 
to 1  mg tid, and escitalopram was reduced to 5  mg qd. 
Three days later (August 14), the patient exhibited notice-
able head tilting to the right and dysphagia. Persistent 
symptoms included tremors, limb stiffness, hyperreflexia, 
and hypertonia. Consequently, the dosage of benzhexol 
was increased to 2 mg bid and levodopa/benserazide to 
0.125 g bid (Fig. 2).

This situation prompted the question: could this symp-
toms combination—autonomic dysfunction, neuromus-
cular excitement, and altered mental status—indicate 
serotonin syndrome, despite closely resembling the PD or 
DIP symptoms? To explore this possibility, we conducted 
TDM and genetic testing of escitalopram metabolic 
enzymes. Surprisingly, escitalopram levels measured 
171.7 ng/ml, significantly exceeding the warning thresh-
old. Genetic testing revealed a cytochrome P450 enzyme 
(CYP) 2C19 polymorphism, indicating intermediate 
metabolism. Based on these findings, the patient received 
a definitive diagnosis of serotonin syndrome.

Fig. 1 Timeline of our patient
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Intravenous infusion therapy was continued to expe-
dite drug metabolism, and both escitalopram and que-
tiapine were promptly discontinued. By August 18, with 
escitalopram levels reduced to 40.1  ng/ml, the patient’s 
symptoms showed improvement, except for persist-
ing hypertonia, prompting cessation of benzhexol and 
intravenous rehydration. By August 21, the patient had 
regained consciousness and resumed normal conversa-
tional abilities. Limb movement became more flexible, 
with relief from tremors and hyperreflexia, although 
muscle tension persisted, later confirmed as a symptom 
of PD. Over the subsequent months, levodopa/bens-
erazide was gradually adjusted to 0.125  g qid. Muscle 
tension continued to improve, and the patient was dis-
charged a few weeks after achieving stability.

Discussion and conclusions
According to Hunter’s criteria, serotonin syndrome is 
characterized by well-defined symptoms including clo-
nus, agitation, diaphoresis, tremor, hyperreflexia, hyper-
tonia and elevated temperature (Fig. 3) [2]. The severity 

of these symptoms varies with serotonin toxicity severity 
and may not consistently appear in every patient [5]. Clo-
nus, whether inducible, spontaneous, or ocular, is a core 
neuromuscular feature closely associated with serotonin 
syndrome [6]. However, not all patients exhibit obvious 
clonus; mild cases may only show tremor or an altered 
mental state, complicating the diagnosis.

Tremor and hypertonia can overlap with PD symp-
toms (Fig.  4). PD tremor, characterized by involun-
tary, rhythmic, alternating movements [7], typically 
presents as resting tremor [8]. In contrast, tremors 
associated with serotonin syndrome, or DIP, lack this 
re-emergent characteristic (Table  1). Hypertonia, an 
abnormal increase in muscle tone, can sometimes over-
shadow tremor [1, 9] and present in three forms: spas-
ticity during passive movement, dystonia during active 
movement, and rigidity throughout all states of move-
ment [10]. In serotonin syndrome, hypertonia appears 
as a neuromuscular excitation symptom, whereas 
PD-related rigidity stems from muscle weakness and 
impaired muscle flexibility [11]. Early-stage serotonin 

Fig. 2 Medication of quetiapine, escitalopram, benzhexol and levodopa/benserazide

Fig. 3 Well-defined symptoms of serotonin syndrome
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syndrome, especially with mild neuromuscular excite-
ment, may not exhibit clonus, posing challenges in dif-
ferentiation from PD-induced rigidity.

To differentiate between spasticity and rigidity, a slow 
stretch of a muscle was performed, such as passively 
and slowly straightening the elbow joint from the flexed 
position. Spasticity does not manifest during slow 
stretching, whereas rigidity, characterized by continu-
ous resistance akin to a lead pipe or cogwheel, remains 
consistent regardless of stretch speed. Notably, muscle 
symptoms in serotonin syndrome may be more promi-
nent in the lower extremities compared to the upper 

extremities, providing a slight distinction in identifying 
these conditions (Table 2).

Our patient presented with hypertonia, tremor, and 
hyperreflexia, with particularly notable hyperreflexia 
observed during periods of elevated escitalopram lev-
els, a typical symptom of serotonin syndrome [9]. 
Despite adjustments to levodopa/benserazide dosage, 
the tremor did not improve, ruling out the possibility of 
PD-induced tremor. Based on the elevated escitalopram 
levels and adherence to Hunter’s criteria, the patient 
received a diagnosis of serotonin syndrome. Hypertonia 
persisted beyond the resolution of serotonin syndrome 

Fig. 4 Comparison of serotonin syndrome and PD

Table 1 Different types of tremors between PD, serotonin syndrome, neuroleptic malignant syndrome (NMS), DIP, and antidepressants 
induced-tremor

Classification Type of tremor Feature Distinguish method

PD resting tremor appears when gravity is completely opposed, 
commonly unilateral in onset [12]

setting a new posture, such as holding hands 
flat. With a new posture, re-emergent tremor 
reappears after a few seconds, while other 
tremors appears immediately [13]

re-emergent tremor resting tremor ceases when the muscles are 
activated voluntarily to execute a posture, 
and it may be followed by delayed re-emer-
gence of tremor when a new limb posture 
is sustained [14]

Serotonin syndrome intermittent tremor greater in lower extremities [1]

NMS cogwheel tremor lead tube rigidity in all muscle groups [15]

DIP essential tremor a postural tremor and an action tremor [16, 
17]Antidepressants induced-tremor



Page 5 of 9Wang et al. BMC Geriatrics          (2024) 24:769  

Ta
bl

e 
2 

D
iff

er
en

t t
yp

es
 o

f h
yp

er
to

ni
a 

be
tw

ee
n 

PD
 a

nd
 s

er
ot

on
in

 s
yn

dr
om

e

Cl
as

si
fic

at
io

n
Ty

pe
 o

f h
yp

er
to

ni
a

Ty
pe

 o
f s

tr
et

ch
 

re
fle

ct
io

n
Co

nd
uc

tio
n 

pa
th

Fe
at

ur
e

Lo
ca

tio
n

Sp
ec

ia
l e

xp
re

ss
io

n
D

is
tin

gu
is

h 
m

et
ho

d

PD
rig

id
ity

 [3
]

no
n-

sp
ee

d 
de

pe
nd

en
t

ex
tr

ap
yr

am
id

al
 s

ys
te

m
hy

pe
rt

on
ia

 p
re

se
nt

 
in

 a
ll 

st
at

es
 o

f p
as

si
ve

 
an

d 
ac

tiv
e 

m
ov

em
en

t 
[1

8]

ob
vi

ou
s 

in
 th

e 
fle

xo
rs

 
of

 th
e 

ne
ck

, t
ru

nk
 

an
d 

lim
bs

le
ad

 tu
be

 ri
gi

di
ty

 
an

d 
co

gw
he

el
 ri

gi
di

ty
sl

ow
ly

 s
tr

et
ch

 a
 m

us
cl

e

Se
ro

to
ni

n 
sy

nd
ro

m
e

sp
as

tic
ity

 (i
nc

re
as

ed
 

m
us

cl
e 

te
ns

io
n 

ca
us

ed
 

by
 n

eu
ro

lo
gi

ca
l l

es
io

ns
 

[1
9]

)

ve
lo

ci
ty

-d
ep

en
de

nt
 

hy
pe

rt
on

ia
 c

au
se

d 
by

 u
pp

er
 m

ot
or

 n
eu

ro
n 

da
m

ag
e 

[2
0]

py
ra

m
id

al
 s

ys
te

m
m

us
cl

e 
ov

er
ac

tiv
ity

, 
hy

pe
rr

efl
ex

ia
, c

lo
nu

s 
(ra

pi
d 

m
us

cl
e 

co
nt

ra
c-

tio
ns

 [1
9,

 2
1]

), 
cl

as
p-

kn
ife

 p
he

no
m

en
on

, 
fle

xo
r a

nd
 e

xt
en

so
r 

sp
as

m
s, 

Ba
bi

ns
ki

 s
ig

n,
 

an
d 

sp
as

tic
 d

ys
to

ni
a 

[2
0]

.

ob
vi

ou
s 

in
 th

e 
lo

w
er

 
ex

tr
em

iti
es

 [1
]

cl
on

us
 (i

nd
uc

ib
le

, s
po

n-
ta

ne
ou

s 
or

 o
cu

la
r)



Page 6 of 9Wang et al. BMC Geriatrics          (2024) 24:769 

Ta
bl

e 
3 

D
iff

er
en

ce
s 

be
tw

ee
n 

PD
, s

er
ot

on
in

 s
yn

dr
om

e,
 N

M
S,

 D
IP

, a
nd

 m
al

ig
na

nt
 s

yn
dr

om
e 

in
 P

D

Cl
as

si
fic

at
io

n
Pa

th
og

en
es

is
Co

re
 s

ym
pt

om
s

Tr
ea

tm
en

t

D
is

ea
se

PD
a 

ne
ur

od
eg

en
er

at
iv

e 
di

se
as

e 
ca

us
ed

 b
y 

dy
s-

fu
nc

tio
n 

of
 th

e 
ba

sa
l g

an
gl

ia
br

ad
yk

in
es

ia
, r

ig
id

ity
 (h

yp
er

to
ni

a)
, t

re
m

or
, 

an
d 

al
te

re
d 

ga
it 

an
d 

po
st

ur
al

 re
fle

xe
s 

[3
]

ph
ar

m
ac

ol
og

ic
 a

pp
ro

ac
he

s 
(t

yp
ic

al
ly

 w
ith

 le
vo

-
do

pa
 p

re
pa

ra
tio

ns
 p

re
sc

rib
ed

 w
ith

 o
r w

ith
ou

t 
ot

he
r m

ed
ic

at
io

ns
) a

nd
 n

on
ph

ar
m

ac
ol

og
ic

 
ap

pr
oa

ch
es

 (s
uc

h 
as

 e
xe

rc
is

e 
an

d 
ph

ys
ic

al
, o

cc
u-

pa
tio

na
l, 

an
d 

sp
ee

ch
 th

er
ap

ie
s)

 [2
2]

A
dv

er
se

 d
ru

g 
re

ac
tio

n
se

ro
to

ni
n 

sy
nd

ro
m

e
se

ro
to

ni
n 

ov
er

do
se

 in
 s

yn
ap

tic
 c

le
ft

hy
pe

rr
efl

ex
ia

, t
re

m
or

, a
nd

 c
lo

nu
s

in
tr

av
en

ou
s 

hy
dr

at
io

n,
 g

en
er

al
 s

ym
pt

om
at

ic
 

tr
ea

tm
en

t, 
w

ith
dr

aw
al

 o
f t

he
 s

er
ot

on
in

er
gi

c 
dr

ug
s 

an
d 

m
ed

ic
at

io
n 

(c
yp

ro
he

pt
ad

in
e)

N
M

S
a 

ne
ur

ol
ep

tic
-in

du
ce

d 
al

te
ra

tio
n 

of
 c

en
tr

al
 

ne
ur

or
eg

ul
at

or
y 

m
ec

ha
ni

sm
s 

an
d 

an
 a

bn
or

m
al

 
re

ac
tio

n 
of

 p
re

di
sp

os
ed

 s
ke

le
ta

l m
us

cl
e 

[2
3]

hy
pe

rt
he

rm
ia

 (≥
 3

8.
5℃

), 
br

ad
yr

efl
ex

ia
 [1

5,
 

24
], 

m
us

cl
e 

‘le
ad

 p
ip

e’ 
rig

id
ity

 a
nd

 a
n 

el
ev

at
ed

 
cr

ea
tin

e 
ph

os
ph

ok
in

as
e 

co
nc

en
tr

at
io

n

ge
ne

ra
l s

ym
pt

om
at

ic
 tr

ea
tm

en
t, 

w
ith

dr
aw

al
 

of
 th

e 
ne

ur
ol

ep
tic

 a
ge

nt
s 

an
d 

m
ed

ic
at

io
n 

(b
ro

-
m

oc
rip

tin
e 

an
d 

da
nt

ro
le

ne
)

D
IP

im
ba

la
nc

e 
be

tw
ee

n 
do

pa
m

in
e 

an
d 

ac
et

yl
ch

o-
lin

e 
in

 th
e 

su
bs

ta
nt

ia
 n

ig
ra

 s
tr

ia
tu

m
tr

em
or

, m
us

cl
e 

rig
id

ity
, b

ra
dy

ki
ne

si
a 

an
d 

lo
ss

 
of

 m
ov

em
en

t
w

ith
dr

aw
al

 o
f a

nt
ip

sy
ch

ot
ic

s, 
sw

itc
h 

to
 o

th
er

 
an

tip
sy

ch
ot

ic
s 

an
d 

m
ed

ic
at

io
n 

(b
en

zh
ex

ol
)

W
ith

dr
aw

al
 re

ac
tio

n
m

al
ig

na
nt

 s
yn

dr
om

e 
in

 P
D

ac
ut

e 
do

pa
m

in
er

gi
c 

hy
po

-t
ra

ns
m

is
si

on
 

in
 th

e 
hy

po
th

al
am

us
, n

ig
ro

st
ria

ta
l s

ys
te

m
, 

an
d 

m
es

oc
or

tic
al

 d
op

am
in

er
gi

c 
sy

st
em

 [2
5]

el
ev

at
ed

 s
er

um
 c

re
at

in
e 

ki
na

se
, c

on
sc

io
us

-
ne

ss
 c

on
fu

si
on

, a
ut

on
om

ic
 d

ys
fu

nc
tio

n,
 h

ig
h 

te
m

pe
ra

tu
re

, a
nd

 n
ot

ic
ea

bl
e 

st
iff

ne
ss

in
tr

av
en

ou
s 

hy
dr

at
io

n,
 e

xt
er

na
l c

oo
lin

g,
 a

dd
 

le
vo

do
pa

, a
nd

 m
ed

ic
at

io
n 

(b
ro

m
oc

rip
tin

e 
an

d 
da

nt
ro

le
ne

) [
26

]



Page 7 of 9Wang et al. BMC Geriatrics          (2024) 24:769  

but responded favorably to increased levodopa/benser-
azide, suggesting inadequate management PD symptoms. 
Despite considering various potential causes, including 
DIP, NMS, and malignant syndrome in PD, our diagnos-
tic investigations did not support these alternative diag-
noses (Table 3).

Serotonin syndrome, despite sharing similarities with 
other syndromes, can be readily diagnosed using Hunt-
er’s criteria (Fig. 5, adapted from Wu et al., 2023 [27]). It 
is crucial for clinicians treating PD patients to be vigilant 
about the potential association with serotonin syndrome. 
Once this connection is recognized, identifying clinical 
features and applying Hunter’s diagnostic criteria simpli-
fies the diagnostic process.

The development of serotonin syndrome in our patient 
had the following stages: the patient experienced visual 
hallucinations subsequent to the PD diagnosis, indicat-
ing PDP. More than 50% of PD patients progress to PDP 
[28], characterized by dopamine deficiency in the sub-
stantia nigra and striatum, along with excessive cortical 
serotonin and midbrain marginal dopamine. This imbal-
ance amplifies serotonin-mediated neurotransmission 
in the lateral temporal cortex, which is crucial for visual 
processing, thereby precipitating hallucinations [29]. This 
phenomenon likely results from toxic alpha-synuclein-
containing Lewy bodies depositing in the cerebral cortex, 
disrupting serotonin and dopamine neurotransmission, 

upregulating and overstimulating cortical serotonin2A 
receptors, and triggering excessive dopamine release in 
mesolimbic circuits [30]. Simply put, PDP can be concep-
tualized as a serotonin-dopamine imbalance syndrome, 
where heightened serotonin2A or dopamine2 receptor 
activity, or both [30], amplify the impact of increased 
synaptic serotonin due to heightened serotonin2A recep-
tor activity. Moreover, escitalopram is primarily metabo-
lized by CYP2C19, a highly polymorphic enzyme that 
introduces individual variations in pharmacokinetics 
[27]. Our patient, identified as an intermediate metabo-
lizer with two nonfunctional alleles (CYP2C19 *1/*2), 
exhibited slower escitalopram metabolism, resulting in 
drug accumulation. Additionally, while levodopa typically 
reduces brain serotonin levels, it can also enhance seroto-
nin release and undergo decarboxylation into dopamine 
within serotoninergic neurons. This process involves the 
translocation of endogenous serotonin to synaptic clefts 
and receptor sites [31]. Consequently, the combination of 
increased serotonin receptor activity, reduced serotonin 
reuptake due to escitalopram overdose, and increased 
serotonin release from levodopa collectively elevates ser-
otonin levels, contributing to serotonin syndrome.

For PDP patients, blocking serotonin2A receptors 
theoretically reduces excessive serotonin levels, restores 
the serotonin-dopamine balance, and alleviates visual 
hallucinations without exacerbating motor symptoms. 

Fig. 5 The Hunter’s decision rules of serotonin syndrome, adapted from Wu et al., 2023 [27]
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Serotonin2A receptor blockers, reverse agonists, or 
antipsychotic drugs with serotonin2A antagonist effects 
are used to manage psychiatric symptoms [28]. However, 
in treating depression in PDP patients, up-regulation of 
serotonin receptors theoretically increases the risk of 
serotonin syndrome when using selective serotonin reup-
take inhibitors.

This study represents the first comparison of neurolog-
ical manifestations between PD and serotonin syndrome. 
Early-stage of serotonin syndrome symptoms may be 
obscured by PD, especially in the absence of core symp-
toms. Identifying symptoms such as tremors is crucial 
for distinguishing between PD and serotonin syndrome. 
Hypertonia may be more challenging to differentiate and 
should be assessed based on medication history and a 
physical examination. Core symptoms of serotonin syn-
drome, including hyperreflexia and clonus, facilitate 
rapid diagnosis when coupled with medication records, 
which should be closely monitored in clinical settings. 
TDM and genetic testing are sometimes necessary for 
managing serotonin syndrome effectively.
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