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Abstract
Purpose  Dyskinesia-hyperpyrexia syndrome (DHS) is a rare but life-threatening disease. The clinical manifestations of 
this syndrome overlap substantially with Parkinson hyperpyrexia syndrome and serotonin syndrome and are often confused 
by clinicians. The purpose of this review was to enable clinicians to recognize this syndrome and thereby reach a correct 
diagnosis and provide optimal treatments to improve prognosis in clinical practice.
Methods  Using the methodology described in the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) statement, we conducted a literature search of the PubMed, Embase, and MEDLINE databases using keywords 
in titles and abstracts of published literature. Quality assessment was performed using the modified Newcastle-Ottawa scale.
Results  A total of 11 patients obtained from nine publications were included in this systematic review. All of the cases 
occurred in patients with advanced Parkinson’s disease (PD) of long disease duration. High ambient temperature was the most 
common trigger of this syndrome. Hyperpyrexia and dyskinesias were present in all cases. The consciousness disturbances 
of this syndrome included confusion, hallucination, and lethargy or stupor. Autonomic dysfunction (except for hyperpyrexia) 
is uncommon in DHS, and only two patients presented with tachycardia. The treatment of this syndrome included support-
ive interventions (including rehydration, anti-pyretic and anti-infection treatments, and maintaining electrolyte balance), 
dopaminergic drug reduction and sedation. Two patients died due to DHS.
Conclusions  We summarized the triggers, clinical features, and treatments of all reported dyskinesia-hyperpyrexia syndrome 
cases, proposed guiding diagnostic criteria, and established a flow chart to guide diagnoses to quickly identify these three 
syndromes in clinical practice.
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Abbreviations
PD	� Parkinson’s disease
ER	� Emergency room
PHS	� Parkinson hyperpyrexia syndrome
DHS	� Dyskinesia-hyperpyrexia syndrome
LEDD	� Levodopa equivalent daily dose
NMS	� Neuroleptic malignant syndrome
CK	� Creatine kinase
STN-DBS	� Subthalamic nucleus deep brain stimulation

SSRI	� Selective serotonin reuptake inhibitors
MAO-B	� Monoamine oxidase B

Introduction

Parkinson’s disease (PD) is a chronic, progressive move-
ment disorder. However, PD patients sometimes develop 
acute complications that are serious or even life-threaten-
ing, requiring prompt medical attention. Hyperpyrexia is a 
common cause of emergency admission in PD patients [1]. 
When a PD patient is admitted to the emergency room (ER) 
because of acute hyperpyrexia, infection is first considered. 
Parkinson hyperpyrexia syndrome (PHS, also known as 
neuroleptic malignant-like syndrome) and serotonin syn-
drome (SS) [2, 3] also need to be considered. In the past 
10 years, dyskinesia-hyperpyrexia syndrome (DHS), a rare 
but potentially fatal complication in PD, has been reported 
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in PD patients [4]. The clinical manifestations of DHS, PHS, 
and SS overlap substantially and are often confused by cli-
nicians. However, the triggers and treatments of these syn-
dromes remain distinct. If the right diagnosis is not made, 
timely and optimal treatment cannot be delivered. This may 
lead to disastrous consequences for patients with these syn-
dromes. We performed a systematic review to summarize 
triggers, clinical features, treatments, and outcomes of DHS. 
Next, we proposed guiding diagnostic criteria for DHS for 
the first time. Finally, we elucidated the similarities and dif-
ferences between PHS, DHS, and SS, establishing a flow 
chart to guide diagnosis, to quickly identify these three syn-
dromes in clinical practice.

Materials and methods

The Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines were followed during 
this systematic review in order to ensure the transparency 
and completeness of the review process.

Search strategies

A literature search of the PubMed, Embase, and MEDLINE 
databases was conducted on 17 January 2021 on the subject 
of DHS, with three search terms. Term A was “Parkinson’s 
disease” OR “Parkinsonism” OR “Parkinson disease.” Term 
B was “dyskinesia” OR “dyskinesias” OR “hyperkinetic.” 
Term C was “fever” OR “hyperpyrexia” OR “pyrexia” OR 
“pyrexias.” An additional search of the PubMed and MED-
LINE databases was conducted using the keywords “dyski-
nesia-hyperpyrexia syndrome.”

Inclusion and exclusion criteria

Articles were included if they met the following criteria: 
(1) written in English, and (2) reported on PD patients with 
acute dyskinesia and hyperpyrexia. Articles were excluded 
if they met the following criteria: (1) duplicate articles, or 
(2) full text could not be obtained. Two authors (Wang Miao, 
Wang Wei) independently screened all titles and abstracts, as 
well as the full texts, for manuscript selection. Those found 
to meet either of the exclusion criteria were removed, and 
any conflicts were settled by consensus during an in-person 
meeting in which the abstracts were reread.

Risk of bias (methodological quality) assessment 
of individual studies

The quality of the included studies was evaluated using the 
modified Newcastle–Ottawa scale [5, 6]. This tool consists 
of five items, presented as questions: (a) Did the patients 

constitute all of the cases at the medical center? (b) Was 
the diagnosis correctly made? (c) Were other important 
diagnoses excluded? (d) Were all important data cited in 
the report? (e) Was the outcome correctly ascertained? For 
each question, a binary response indicated whether or not 
the item was suggestive of bias. We considered the quality 
of the report as good (low risk of bias) when all five criteria 
were fulfilled, moderate when four were fulfilled, and poor 
(high risk of bias) when three or fewer were fulfilled. The 
same two authors (Wang Miao, Wang Wei) assessed the risk 
of bias of the included studies, with a discussion in the case 
of disagreement.

Data extraction

Two authors (Wang Miao, Wang Wei) then, independently, 
extracted data from all relevant reports [4, 7–13] using a 
standardized form. The following data were extracted from 
each manuscript: author, year of publication, age and gen-
der of the patient, the duration of PD, the season of DHS 
onset, the possible triggers, the anti-Parkinsonism medica-
tions taken before DHS, the symptoms and complications 
of DHS, the duration of DHS, the treatment of DHS and 
the outcome of DHS. The collected data were entered into a 
Microsoft Excel spreadsheet (version 11.0; Microsoft Cor-
poration, Redmond, WA).

Results

Figure 1 represents a flow chart of the study selection. All 
abstracts and titles from 374 publications retrieved from 
the electronic database search were thoroughly screened. 
Among these, 231 publications were selected for title and 
abstract review. A total of 11 patients obtained from nine 
publications met the inclusion criteria for analysis. All nine 
publications were case reports. The publication dates of the 
included studies ranged from 2010 to 2021. The results of 
the risk of bias assessment of the included studies are shown 
in Table 1. Six publications were identified as having low 
risk of bias (66.7%), and three moderate risk (33.3%). For 
item (a), it was not mentioned in the publications whether 
the reported patient(s) represented all cases at the medical 
center, and we assumed that the authors had reported all 
known cases in their center, indicating the rarity of DHS.

The clinical features of all DHS cases are displayed in 
Table 2. We identified a total of 11 patients who experi-
enced 19 episodes of DHS (one patient experienced eight 
episodes [9], one experienced two episodes [11], and the 
remaining eight experienced one episode), with a female 
predominance (eight female, three male) and a mean age of 
72.5 years (range 62–80 years). The mean duration of PD 
was 18.8 years (range 10–34 years). Among the 19 episodes 
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of DHS, 13 occurred in the summer, two occurred in the 
spring, and one occurred in the autumn (the onset season 
of three DHS episodes was not mentioned [4, 7]). The trig-
gers of DHS were high ambient temperature (13 episodes) 
[9, 10, 12, 13], infection (six episodes) [11–13], trauma 
(two episodes) [11] and dopaminergic drug dosage increase 
(three episodes) [7, 10, 14] or a change in dopaminergic 
drug form (one episode) [8] (the trigger of one DHS episode 

was not mentioned [4]). The mean levodopa equivalent daily 
dose (LEDD) before a DHS attack was 1315.6 mg (range 
675–2528 mg) and the LEDD before two DHS episodes 
were not mentioned [9]. All DHS episodes were character-
ized by hyperpyrexia (mean body temperature peak, 39.9 °C; 
range 38.2–42 °C) and generalized dyskinesias. A total of 
9 out of 19 DHS episodes manifested consciousness dis-
turbances including confusion, hallucination and lethargy 
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Fig. 1   PRISMA flow diagram
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or stupor [4, 8, 10–14]. The serum creatine kinase (CK) 
levels were elevated in 16 episodes of DHS (mean CK peak, 
6973.2 IU/L; range 211–35,000 IU/L), serum CK levels 
were normal in one episode [9] and serum CK levels were 
not mentioned in two episodes [9]. The complications of 
DHS included pneumonia [11, 12], electrolyte disturbance 
[12, 13], acute renal injury [7, 11, 12] and respiratory fail-
ure [12]. DHS treatment included supportive interventions 
(including rehydration, anti-pyretic and anti-infection treat-
ments, and maintaining electrolyte balance), dopaminergic 
drug reduction and sedation. Two patients died due to DHS 
[12].

Discussion

About 30–40% of PD patients who have been treated with 
levodopa for more than 5 years are observed to develop levo-
dopa-induced dyskinesia of varying degrees of severity [15, 
16]. Generally, these cases of dyskinesia are benign and can 
be treated in an outpatient setting. However, these dyskine-
sias may sometimes become severe and life-threatening, as 
they can lead to rhabdomyolysis, acute renal failure and res-
piratory distress. Dyskinesia associated with hyperpyrexia 
was first described in a 68-year-old advanced PD patient by 
Gil-Navarro and Grandas in 2010 [7]. They first proposed 
the term DHS. To date, a total of 11 cases of DHS have been 
reported in 9 publications (Table 2). In our review, all DHS 
cases occurred in patients with advanced PD of long disease 
duration, motor symptom fluctuation, and a high daily dose 
of dopaminergic medication. Furthermore, we observed that 
most patients were female (seven female and three male). 
These gender differences might be caused by female hormo-
nal patterns increasing the individual dyskinetic sensitivity 
to levodopa [17] and by the lighter weight of most females, 

who have higher levodopa plasma levels after drug admin-
istration than their heavier male counterparts [18].

The pathophysiological mechanisms underlying DHS are 
not properly understood, and we speculated a possible patho-
physiological mechanism of DHS in Fig. 2. We observed 
that summer or high ambient temperature was the most 
common trigger of DHS (13 of 19 DHS episodes). It was 
also reported that advanced PD patients developed hyper-
pyrexia without dyskinesia and akinesia in high ambient 
temperatures [19]. The dopaminergic system of the nigros-
triatal system and hypothalamus plays an important role in 
thermoregulation. Fundamental research in mice has shown 
that when the ambient temperature is < 22  °C, stimulat-
ing the dopaminergic system in the nigrostriatal system 
and hypothalamus can lead to body temperature decreasing 
(by reducing metabolism and dilating skin blood vessels). 
However, when the ambient temperature is > 30  °C, stimu-
lating the dopaminergic system in the nigrostriatal system 
and hypothalamus can lead to body temperature increasing 
(by increasing metabolism and constricting skin blood ves-
sels) [20, 21]. In addition, further research has shown that 
injecting dopaminergic receptor antagonists at high ambi-
ent temperatures (43 °C) could delay the body temperature 
rise in mice [22]. The above research suggests that exces-
sive dopaminergic activity might lead to body temperature 
increases at high ambient temperature. In advanced PD 
patients, dopamine buffering capacity impairment is widely 
observed due to nigrostriatal dopaminergic neuronal degen-
eration (impairing the compensatory synthesis, release, 
storage and reuptake of dopamine) [22] and postsynaptic 
dopamine receptor dysfunction [23]. After administration 
of high-dose dopaminergic drugs, the dopaminergic lev-
els in the brain were dramatically increased in advanced 
PD patients due to impaired dopamine buffering capacity. 
Thus, we speculated that, in a high ambient temperature in 

Table 1   Risk of bias assessment of included studies

Y: yes, green color; N: no, red color.

First author/Year

Did the patient represent the 
whole cases of the medical 
center?

Was the diagnosis correctly 
made?

Were other important diagnosis 
excluded?

Were all important data cited in 
the report?

Was the outcome correctly 
ascertained? Risk of Bias

Y N Y N Y N Y N Y N
Gil-Navarro S, 2010 [7] Moderate
Lyoo CH, 2011 [8] Moderate
Taguchi S, 2015 [9] Low
Herreros Rodriguez J, 2016 [10] Moderate
Acebrón Sánchez-Herrera F, 2017 [11] Low
Baek MS, 2017 [12] Low
Sarchioto M, 2018 [13] Low
Novelli A, 2019 [14] Low
J. Zu, 2021 [15] Low

Total 9 studies 9 0 9 0 9 0 6 3 9 0
Low risk 6
Moderate risk 3
High risk 0

Y yes, green color; N no, red color



533Clinical Autonomic Research (2021) 31:529–542	

1 3

Ta
bl

e 
2  

T
he

 c
lin

ic
al

 fe
at

ur
es

 o
f a

ll 
D

H
S 

ca
se

s

Re
po

rt
A

/G
/Y

O
D

Se
as

on
Po

ss
ib

le
 tr

ig
ge

rs
A

nt
i-P

ar
ki

ns
on

is
m

 
m

ed
ic

at
io

ns
 b

ef
or

e 
D

H
S

Le
vo

do
pa

 
eq

ui
va

le
nt

 d
ai

ly
 

do
se

Sy
m

pt
om

s a
nd

 c
om

pl
i-

ca
tio

ns
D

ur
at

io
n 

of
 D

H
S

Tr
ea

tm
en

t
O

ut
co

m
e

G
il-

N
av

ar
ro

, 2
01

0 
[4

]
68

/F
/1

2
N

A
N

A
Le

vo
do

pa
/c

ar
bi

-
do

pa
/e

nt
ac

ap
on

e 
(5

 d
ai

ly
 d

os
es

 o
f 

15
0/

50
/2

00
 m

g)
Pr

am
ip

ex
ol

e 
4 

m
g 

pe
r d

ay
A

m
an

ta
di

ne
 2

00
 m

g 
pe

r d
ay

16
80

 m
g

Pe
ak

 b
od

y 
te

m
pe

ra
tu

re
 

41
.2

 °C
G

en
er

al
iz

ed
 d

ys
ki

ne
si

as
C

on
fu

si
on

 a
nd

 h
al

lu
ci

-
na

tio
n

CK
 =

 14
55

 IU
/L

Ta
ch

yc
ar

di
a

W
ith

in
 6

 d
ay

s
In

tra
ve

no
us

 fl
ui

ds
A

nt
ip

yr
et

ic
Pr

am
ip

ex
ol

e 
ta

pe
re

d 
off

Q
ue

tia
pi

ne
 2

5 
m

g

Re
co

ve
ry

Ly
oo

, 2
01

1 
[7

]
74

/M
/1

7
N

A
D

op
am

in
er

gi
c 

dr
ug

 
do

se
 in

cr
ea

se
 

(le
vo

do
pa

 
10

50
 m

g 
in

cr
ea

se
d 

to
 3

40
0 

m
g)

12
 ta

bl
et

s o
f l

ev
o-

do
pa

/c
ar

bi
do

pa
 

25
0/

25
 m

g 
pe

r d
ay

4 
ta

bl
et

s o
f l

ev
o-

do
pa

/b
en

se
ra

zi
de

10
0/

25
 m

g 
pe

r d
ay

34
00

 m
g

Pe
ak

 b
od

y 
te

m
pe

ra
tu

re
 

38
.2

 °C
G

en
er

al
iz

ed
 d

ys
ki

ne
si

as
C

on
sc

io
us

ne
ss

 w
as

 
no

rm
al

CK
 =

 24
,6

51
 IU

/L
A

cu
te

 re
na

l i
nj

ur
y 

(1
76

.8
 µ

m
ol

/L
)

5 
da

ys
Se

da
tiv

e
D

op
am

in
er

gi
c 

dr
ug

 
w

as
 st

op
pe

d

Re
co

ve
ry

Ta
gu

ch
i, 

20
15

 [8
]

70
/F

/1
3

A
ut

um
n

D
op

am
in

er
gi

c 
dr

ug
 

fo
rm

 c
ha

ng
e

(p
ra

m
ip

ex
ol

e 
IR

 to
 

ER
)

Le
vo

do
pa

 6
00

 m
g 

pe
r d

ay
Pr

am
ip

ex
ol

e 
(E

R
) 

3 
m

g 
pe

r d
ay

Se
le

gi
lin

e 
5 

m
g 

pe
r 

da
y

95
0 

m
g

Pe
ak

 b
od

y 
te

m
pe

ra
tu

re
 

40
.3

 °C
G

en
er

al
iz

ed
 d

ys
ki

ne
si

as
C

on
fu

si
on

 a
nd

 h
al

lu
ci

-
na

tio
n

CK
 =

 35
,0

00
 IU

/L
Ta

ch
yc

ar
di

a

7 
da

ys
In

tra
ve

no
us

 fl
ui

ds
A

nt
ip

yr
et

ic
Re

du
ce

d 
do

pa
m

in
-

er
gi

c 
dr

ug
s

Re
co

ve
ry

H
er

re
ro

s, 
20

16
 [9

]
74

/F
/1

6
Su

m
m

er
 (8

 
ep

is
od

es
 fr

om
 

20
07

 to
 2

00
9)

H
ig

h 
am

bi
en

t t
em

-
pe

ra
tu

re
N

A
13

90
 m

g
Pe

ak
 b

od
y 

te
m

pe
ra

tu
re

 
39

 °C
G

en
er

al
iz

ed
 d

ys
ki

ne
si

as
C

on
sc

io
us

ne
ss

 w
as

 
no

rm
al

CK
 =

 84
5 

IU
/L

N
A

A
fte

r t
he

 su
m

-
m

er
 o

f 2
00

9,
 th

e 
pa

tie
nt

 st
ar

te
d 

to
 

re
ce

iv
e 

an
 L

C
IG

 
(1

31
0 

m
g/

d)

Re
co

ve
ry

H
ig

h 
am

bi
en

t t
em

-
pe

ra
tu

re
N

A
97

5 
m

g
Pe

ak
 b

od
y 

te
m

pe
ra

tu
re

 
40

 °C
G

en
er

al
iz

ed
 d

ys
ki

ne
si

as
C

on
sc

io
us

ne
ss

 w
as

 
no

rm
al

CK
 =

 10
08

 IU
/L

N
A

Re
co

ve
ry

H
ig

h 
am

bi
en

t t
em

-
pe

ra
tu

re
N

A
97

5 
m

g
Pe

ak
 b

od
y 

te
m

pe
ra

tu
re

 
39

.6
 °C

G
en

er
al

iz
ed

 d
ys

ki
ne

si
as

C
on

sc
io

us
ne

ss
 w

as
 

no
rm

al
CK

 =
 25

09
 IU

/L

N
A

Re
co

ve
ry



534	 Clinical Autonomic Research (2021) 31:529–542

1 3

Ta
bl

e 
2  

(c
on

tin
ue

d)

Re
po

rt
A

/G
/Y

O
D

Se
as

on
Po

ss
ib

le
 tr

ig
ge

rs
A

nt
i-P

ar
ki

ns
on

is
m

 
m

ed
ic

at
io

ns
 b

ef
or

e 
D

H
S

Le
vo

do
pa

 
eq

ui
va

le
nt

 d
ai

ly
 

do
se

Sy
m

pt
om

s a
nd

 c
om

pl
i-

ca
tio

ns
D

ur
at

io
n 

of
 D

H
S

Tr
ea

tm
en

t
O

ut
co

m
e

H
ig

h 
am

bi
en

t t
em

-
pe

ra
tu

re
N

A
82

6 
m

g
Pe

ak
 b

od
y 

te
m

pe
ra

tu
re

 
38

.8
 °C

G
en

er
al

iz
ed

 d
ys

ki
ne

si
as

C
on

sc
io

us
ne

ss
 w

as
 

no
rm

al
CK

 =
 21

1 
IU

/L

N
A

Re
co

ve
ry

H
ig

h 
am

bi
en

t t
em

-
pe

ra
tu

re
N

A
82

6 
m

g
Pe

ak
 b

od
y 

te
m

pe
ra

tu
re

 
38

.3
 °C

G
en

er
al

iz
ed

 d
ys

ki
ne

si
as

C
on

sc
io

us
ne

ss
 w

as
 

no
rm

al
CK

 =
 17

8 
IU

/L

N
A

Re
co

ve
ry

H
ig

h 
am

bi
en

t t
em

-
pe

ra
tu

re
N

A
67

0 
m

g
Pe

ak
 b

od
y 

te
m

pe
ra

tu
re

 
40

.2
 °C

G
en

er
al

iz
ed

 d
ys

ki
ne

si
as

C
on

sc
io

us
ne

ss
 w

as
 

no
rm

al
CK

 =
 25

7 
IU

/L

N
A

Re
co

ve
ry

H
ig

h 
am

bi
en

t t
em

-
pe

ra
tu

re
N

A
N

A
Pe

ak
 b

od
y 

te
m

pe
ra

tu
re

 
N

A
G

en
er

al
iz

ed
 d

ys
ki

ne
si

as
C

on
sc

io
us

ne
ss

 w
as

 
no

rm
al

CK
 =

 N
A

N
A

Re
co

ve
ry

H
ig

h 
am

bi
en

t t
em

-
pe

ra
tu

re
N

A
N

A
Pe

ak
 b

od
y 

te
m

pe
ra

tu
re

 
N

A
G

en
er

al
iz

ed
 d

ys
ki

ne
si

as
C

on
sc

io
us

ne
ss

 w
as

 
no

rm
al

CK
 =

 N
A

N
A

Re
co

ve
ry

A
ce

br
ón

 S
án

ch
ez

-
H

er
re

ra
, 2

01
7 

[1
0]

66
/F

/1
6

Su
m

m
er

H
ig

h 
am

bi
en

t t
em

-
pe

ra
tu

re
/d

op
am

in
-

er
gi

c 
dr

ug
 d

os
e 

in
cr

ea
se

LC
IG

 (1
45

0 
m

g/
d 

an
d 

36
2.

5 
m

g/
da

y)
A

m
an

ta
di

ne
 2

00
 m

g 
pe

r d
ay

Ro
pi

ni
ro

le
 (E

R
) 

8 
m

g 
pe

r d
ay

Sa
fin

am
id

e 
10

0 
m

g 
pe

r d
ay

18
10

 m
g

Pe
ak

 b
od

y 
te

m
pe

ra
tu

re
 

40
.2

 °C
G

en
er

al
iz

ed
 d

ys
ki

ne
si

as
C

on
fu

si
on

 a
nd

 h
al

lu
ci

-
na

tio
n

CK
 =

 71
77

 IU
/L

4 
da

ys
In

tra
ve

no
us

 fl
ui

ds
A

nt
ip

yr
et

ic
Se

da
tiv

e
LC

IG
 re

du
ce

d
A

m
an

ta
di

ne
, 

ro
pi

ni
ro

le
 a

nd
 

sa
fin

am
id

e 
w

er
e 

sto
pp

ed

Re
co

ve
ry



535Clinical Autonomic Research (2021) 31:529–542	

1 3

Ta
bl

e 
2  

(c
on

tin
ue

d)

Re
po

rt
A

/G
/Y

O
D

Se
as

on
Po

ss
ib

le
 tr

ig
ge

rs
A

nt
i-P

ar
ki

ns
on

is
m

 
m

ed
ic

at
io

ns
 b

ef
or

e 
D

H
S

Le
vo

do
pa

 
eq

ui
va

le
nt

 d
ai

ly
 

do
se

Sy
m

pt
om

s a
nd

 c
om

pl
i-

ca
tio

ns
D

ur
at

io
n 

of
 D

H
S

Tr
ea

tm
en

t
O

ut
co

m
e

B
ae

k,
 2

01
7 

[1
1]

74
/F

/2
3

Sp
rin

g 
(7

2 
ye

ar
s 

ol
d)

Tr
au

m
a/

in
fe

ct
io

n
Le

vo
do

pa
 3

75
 m

g 
pe

r d
ay

Pr
am

ip
ex

ol
e 

(E
R

) 
1 

m
g 

pe
r d

ay
A

m
an

ta
di

ne
 2

00
 m

g 
pe

r d
ay

67
5 

m
g

Pe
ak

 b
od

y 
te

m
pe

ra
tu

re
 

40
.3

 °C
G

en
er

al
iz

ed
 d

ys
ki

ne
si

as
C

on
fu

si
on

 a
nd

 h
al

lu
ci

-
na

tio
n

CK
 =

 10
,2

30
 IU

/L
A

cu
te

 re
na

l i
nj

ur
y 

(1
42

 
µm

ol
/L

)
A

sp
ira

tio
n 

pn
eu

m
on

ia

4 
da

ys
Se

da
tiv

e
A

nt
ib

io
tic

LC
IG

 re
du

ce
d

A
m

an
ta

di
ne

 a
nd

 
pr

am
ip

ex
ol

e 
w

er
e 

sto
pp

ed

Re
co

ve
ry

Sp
rin

g 
(7

4 
ye

ar
s 

ol
d)

Tr
au

m
a/

in
fe

ct
io

n
Le

vo
do

pa
 5

00
 m

g 
pe

r d
ay

Pr
am

ip
ex

ol
e 

(E
R

) 
1 

m
g 

pe
r d

ay
A

m
an

ta
di

ne
 3

00
 m

g 
pe

r d
ay

90
0 

m
g

Pe
ak

 b
od

y 
te

m
pe

ra
tu

re
 

39
.2

 °C
G

en
er

al
iz

ed
 d

ys
ki

ne
si

as
C

on
fu

si
on

CK
 =

 66
70

 IU
/L

A
cu

te
 re

na
l i

nj
ur

y 
(1

08
 

µm
ol

/L
)

1 
da

y
In

tra
ve

no
us

 fl
ui

ds
A

nt
ip

yr
et

ic
Le

vo
do

pa
 re

du
ce

d 
to

 3
00

 m
g 

an
d 

pr
am

ip
ex

ol
e 

sto
pp

ed

Re
co

ve
ry

Sa
rc

hi
ot

o,
 2

01
8 

[1
2]

80
/M

/2
0

Su
m

m
er

H
ig

h 
am

bi
en

t t
em

-
pe

ra
tu

re
/in

fe
ct

io
n

LC
IG

 1
50

0 
m

g 
pe

r 
da

y
Pr

am
ip

ex
ol

e 
1 

m
g 

pe
r d

ay
A

m
an

ta
di

ne
 2

00
 m

g 
pe

r d
ay

Se
rtr

al
in

e 
50

 m
g 

pe
r d

ay

15
50

 m
g

Pe
ak

 b
od

y 
te

m
pe

ra
tu

re
 

42
 °C

G
en

er
al

iz
ed

 d
ys

ki
ne

si
as

C
on

fu
si

on
 a

nd
 le

th
ar

gy
CK

 =
 16

,0
40

 IU
/L

A
cu

te
 re

na
l f

ai
lu

re
 

(1
86

.5
 µ

m
ol

/L
)

Pn
eu

m
on

ia

5 
da

ys
In

tra
ve

no
us

 fl
ui

ds
A

nt
ip

yr
et

ic
A

nt
ib

io
tic

s
Pr

am
ip

ex
ol

e 
an

d 
am

an
ta

di
ne

 
sto

pp
ed

LC
IG

 re
du

ce
d 

to
 

70
0 

m
g

D
ea

th

76
/F

/1
0

Su
m

m
er

H
ig

h 
am

bi
en

t t
em

-
pe

ra
tu

re
/in

fe
ct

io
n

LC
IG

 1
20

0 
m

g 
pe

r 
da

y
Pr

am
ip

ex
ol

e 
1 

m
g 

pe
r d

ay

10
60

 m
g

Pe
ak

 b
od

y 
te

m
pe

ra
tu

re
 

41
 °C

G
en

er
al

iz
ed

 d
ys

ki
ne

si
as

St
up

or
CK

 =
 29

67
 IU

/L
Pn

eu
m

on
ia

Re
sp

ira
to

ry
 fa

ilu
re

1 
da

y
A

nt
ib

io
tic

s
D

ea
th

79
/F

/3
0

Su
m

m
er

H
ig

h 
am

bi
en

t t
em

-
pe

ra
tu

re
/in

fe
ct

io
n

LC
IG

 1
25

0 
m

g 
pe

r 
da

y
10

00
 m

g
Pe

ak
 b

od
y 

te
m

pe
ra

tu
re

 
39

.5
 °C

G
en

er
al

iz
ed

 d
ys

ki
ne

si
as

CK
 =

 19
67

 IU
/L

Pn
eu

m
on

ia
A

cu
te

 re
na

l i
nj

ur
y 

(1
75

 
µm

ol
/L

)

W
ith

in
 1

0 
da

ys
In

tra
ve

no
us

 fl
ui

ds
A

nt
ib

io
tic

s
LC

IG
 re

du
ce

d 
to

 
67

5 
m

g

Re
co

ve
ry



536	 Clinical Autonomic Research (2021) 31:529–542

1 3

Ta
bl

e 
2  

(c
on

tin
ue

d)

Re
po

rt
A

/G
/Y

O
D

Se
as

on
Po

ss
ib

le
 tr

ig
ge

rs
A

nt
i-P

ar
ki

ns
on

is
m

 
m

ed
ic

at
io

ns
 b

ef
or

e 
D

H
S

Le
vo

do
pa

 
eq

ui
va

le
nt

 d
ai

ly
 

do
se

Sy
m

pt
om

s a
nd

 c
om

pl
i-

ca
tio

ns
D

ur
at

io
n 

of
 D

H
S

Tr
ea

tm
en

t
O

ut
co

m
e

N
ov

el
li,

 2
01

9 
[1

3]
62

/M
/3

4
Su

m
m

er
H

ig
h 

am
bi

en
t t

em
-

pe
ra

tu
re

/in
fe

ct
io

n
ST

N
-D

B
S 

(R
-3

 V
, 

L-
2.

6 
V

)
Le

vo
do

pa
/c

ar
bi

do
pa

 
25

0/
25

 m
g 

8 
da

ily
 

do
se

s p
er

 d
ay

En
ta

ca
po

ne
 2

00
 m

g 
8 

da
ily

 d
os

es
 p

er
 

da
y

25
28

 m
g

Pe
ak

 b
od

y 
te

m
pe

ra
tu

re
 

40
.7

 °C
G

en
er

al
iz

ed
 d

ys
ki

ne
si

as
C

on
fu

si
on

CK
 =

 48
91

 IU
/L

Ta
ch

yc
ar

di
a

2 
da

ys
In

tra
ve

no
us

 fl
ui

ds
A

nt
ip

yr
et

ic
 a

ge
nt

s
A

nt
ib

io
tic

s
D

B
S 

re
du

ce
d 

to
 1

 V
 

bi
la

te
ra

lly
Le

vo
do

pa
/c

ar
bi

do
pa

 
12

5/
12

.5
 m

g 
6 

da
ily

 d
os

es
 p

er
 

da
y

En
ta

ca
po

ne
 2

00
 m

g 
6 

do
se

s p
er

 d
ay

Re
co

ve
ry

Zu
, 2

02
1 

[1
4]

76
/F

/1
6

N
A

D
op

am
in

er
gi

c 
dr

ug
 

do
se

 in
cr

ea
se

 
(le

vo
do

pa
/c

ar
bi

-
do

pa
 su

st
ai

ne
d-

re
le

as
e 

ta
bl

et
s 

fro
m

 6
00

/1
50

 m
g 

in
cr

ea
se

d 
to

 
75

0/
75

 m
g)

Le
vo

do
pa

/c
ar

bi
do

pa
 

su
st

ai
ne

d-
re

le
as

e 
ta

bl
et

s 7
50

/7
5 

m
g 

pe
r d

ay
En

ta
ca

po
ne

 3
00

 m
g 

pe
r d

ay
R

as
ag

ili
ne

 1
 m

g 
pe

r 
da

y

11
50

 m
g

Pe
ak

 b
od

y 
te

m
pe

ra
tu

re
 

40
.2

 °C
G

en
er

al
iz

ed
 d

ys
ki

ne
si

as
U

nc
on

sc
io

us
ne

ss
CK

 =
 24

89
 IU

/L
Ta

ch
yc

ar
di

a

W
ith

in
 1

0 
da

ys
Re

du
ce

d 
do

pa
m

in
-

er
gi

c 
dr

ug
s

Re
co

ve
ry

A 
ag

e,
 G

 g
en

de
r, 
YO

D
 y

ea
rs

 o
f P

ar
ki

ns
on

’s
 d

is
ea

se
, M

 m
al

e,
 F

 fe
m

al
e,

 N
A 

no
t a

va
ila

bl
e,

 IR
 im

m
ed

ia
te

-re
le

as
e,

 E
R 

ex
te

nd
ed

-re
le

as
e,

 L
C
IG

 le
vo

do
pa

-c
ar

bi
do

pa
 in

te
sti

na
l g

el
, S
TN

-D
BS

 su
bt

ha
la

m
ic

 
nu

cl
eu

s d
ee

p 
br

ai
n 

st
im

ul
at

io
n,

 C
K

 c
re

at
in

e 
ki

na
se

,



537Clinical Autonomic Research (2021) 31:529–542	

1 3

summer, it is easier to trigger hyperpyrexia in advanced PD 
patients with high-dose dopaminergic drugs. In addition, 
hyperpyrexia was also related to an increase in thermogen-
esis caused by severe dyskinesia. At present, there is no une-
quivocal evidence that summer/high ambient temperatures 
are associated with dyskinesia. However, in clinical practice, 
we have also observed that the severity of symptoms in PD 
patients may change with the change in seasons. Symptoms 
appear to be less pronounced when the climate is warmer in 
the summer months and worse in winter (when there is also 
less daylight). Furthermore, in mice models, the functioning 
of the substantia-nigra pars compacta has been demonstrated 
to be heat sensitive [25]. Cooling caused low activity of 
the substantia nigra pars compacta, while warming induced 
the opposite effects. This suggests that a high ambient tem-
perature in summer might increase presynaptic dopaminer-
gic activity. Moreover, further research demonstrated that 
daylight duration is positively correlated with the activity 
of the D2/D3 receptors in the striatum of the human brain, 
and that daylight duration in summer is significantly greater 
than that in other seasons [26]. This suggests that long peri-
ods of daylight in the summer might increase postsynap-
tic dopaminergic activity. We speculated that in summer, 
under high ambient temperature (presynaptic dopaminergic 
activity increasing) and long daylight duration (postsynaptic 
dopaminergic activity increasing), it is easier to trigger dys-
kinesia in advanced PD patients with high-dose dopamin-
ergic drugs. Infection and trauma are important factors of 

DHS and may induce DHS independent of summer and drug 
change [11]. The cytokines released during an infection and 
trauma might affect neural transmission and might lead to 
striatal dopaminergic hyperactivity [11, 27], and then induce 
dyskinesia under high-dose dopaminergic drugs.

The clinical features of DHS consist of hyperpyrexia (a 
manifestation of autonomic dysfunction, but since hyper-
pyrexia is a major symptom of DHS, we list it separately), 
severe and generalized dyskinesia, consciousness distur-
bance, autonomic dysfunction, and CK elevation. Dyskinesia 
and hyperpyrexia are seen in all DHS patients. Dyskinesia is 
continuous, severe, and generalized, and usually occurs prior 
to hyperpyrexia. Therefore, in the early stages of DHS, some 
patients may only present with dyskinesia without hyperpy-
rexia. The increased CK level is believed to be secondary to 
severe dyskinesia, ranging from hundreds to 35,000 IU /L. 
However, not all DHS patients manifest with CK elevation. 
We noticed that in a patient with eight episodes, reported 
by Rodriguez [9], the CK level increased in seven episodes, 
while the CK level was normal in one episode. Therefore, 
we suggested that CK elevation was not essential for DHS. 
Consciousness disturbance occurred in 9 out of 19 episodes, 
usually in a mild form, and manifested as confusion and hal-
lucinations, which might be caused by dopaminergic hyper-
activity in the mesocorticolimbic system. Only three patients 
manifested with consciousness level reduction (stupor or 
lethargy, unconsciousness) [12, 14]. Autonomic dysfunc-
tion (except for hyperpyrexia) is uncommon in DHS, and 

Dopamine buffering 
capacity impariment

Excessive dopaminergic 
activity in striatum 

Dyskinesia

CK elevation 

High Dose
Dopaminergic drug

Infection and 
trauma

Hyperpyrexia

High ambient 
temperature

Excessive dopaminergic 
activity in brain 

Dopaminergic 
drug change

Long daylight 
duration

Dysthermoregulation

Fig. 2   The possible pathophysiological mechanism underlying DHS
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only two patients manifested with tachycardia. Currently, 
there are no unified diagnostic criteria for DHS. According 
to the symptoms summarized in all DHS cases, we proposed 
guiding diagnostic criteria for DHS, as shown in Table 3. 
Furthermore, it should be emphasized that the sensitivity 
and specificity of this diagnostic criteria need to be further 
confirmed by more cases in the future. Promptly reducing 
the dopaminergic medication was the most effective treat-
ment, and dyskinesia could be improved in a short period 
of time (within a few days to 2 weeks). Novelli reported 
a patient with STN-DBS who developed DHS, in addi-
tion to reducing the dopaminergic medication; they also 
reduced DBS, and the patient recovered within 2 days [13]. 
In patients with refractory dyskinesias, sedation has been 
shown to be effective [7, 12, 13]. Supportive care, in the 
form of intravenous fluid replacement, anti-pyretic drugs, 
antibiotics, and maintenance of electrolyte balance, is also 
important in the treatment of DHS.

Although when PD patients develop acute hyperthermia, 
the cause most frequently will be systemic infection, the pos-
sibility of Parkinson hyperpyrexia syndrome (PHS), DHS, 
and serotonin syndrome should be routinely considered and 
additional features suggestive of these disorders sought, 
since early diagnosis of these potentially lethal disorders 
is vital. PHS was first reported in 1981 by Toru et al. [28]. 
They reported a PD patient who presented with hyperpy-
rexia, autonomic instability, muscular rigidity, conscious 
dysfunction, and elevated serum CK, clinically similar to 
neuroleptic malignant syndrome). However, this patient had 
not been exposed to neuroleptics, but he abruptly ceased 
taking high-doses of anti-parkinsonian medications prior to 
the onset of symptoms. Except for obvious dosage reduc-
tions, PHS may also be induced by infection, high ambi-
ent temperature and STN-DBS device dysfunction [29–31]. 
The clinical manifestations of PHS include hyperpyrexia, 
worsening parkinsonism with severe rigidity, consciousness 
disturbance, autonomic dysfunction, and CK elevation [29]. 
Reinstituting levodopa or dopamine agonists and restarting 
STN-DBS are the most effective treatments [32]. SS is a 
drug-induced syndrome caused by the over-stimulation of 
postsynaptic serotonin receptors [33]. Selective serotonin 
reuptake inhibitors (SSRI) are the most frequent cause of 
SS [34]. Depression is a common nonmotor symptom of 

PD. Combination of monoamine oxidase B (MAO-B) inhibi-
tors (selegiline and rasagiline) and SSRI increases the risk 
of SS in PD patients. SS usually occurs minutes or hours 
after the initial use of medication or dosage change, usually 
within 6 h [31]. The clinical presentation of SS includes 
rigidity, akinesia, hyperreflexia, autonomic nervous system 
excitation, and altered mental state [34]. In 2003, Dunkley 
et al. developed a new diagnostic criterion known as Hunter 
serotonin toxicity criterion (Fig. 3), with high specificity 
(97%), high sensitivity (84%) and high accuracy (95.6%) 
[35]. Discontinuation of all serotonergic drugs was the most 
effective treatment and SS usually resolved within 24 h.

According to the above, the three syndromes share similar 
clinical presentations, such as hyperpyrexia, neuromuscular 
signs, autonomic dysfunctions, and consciousness distur-
bances, thereby remaining difficult to distinguish. However, 
there are some clinical clues to help with their differentia-
tion. We summarize the differences in the three syndromes 
in Table 4. Concerning potential triggers, PHS could be 
triggered by dopaminergic drug reduction/discontinuation 
or STN-DBS power depletion [29, 31]. DHS could be trig-
gered by dopaminergic drug increases [7, 10, 14] or dopa-
minergic drug changes (pramipexole IR to ER) [8]. SS is 
always triggered by serotonergic drug increases or combi-
nation of MAO-B and SSRI [33]. Notably, a high ambient 
temperature, infection, and trauma can induce both PHS and 
DHS. When patients are exposed to the above conditions, 
it is difficult to identify PHS and DHS only by triggers. 
Furthermore, it remains unclear why the same conditions 
triggered opposite movement disorders in DHS and PHS. 
Regarding disease duration, PHS and DHS commonly last 
from a few days to 1–2 weeks, while SS often lasts less than 
24 h [33]. Furthermore, the neuromuscular signs of DHS 
commonly take the form of severe and generalized dyskine-
sia, while the neuromuscular signs of PHS and SS are often 
in the form of rigidity and akinesia [29, 35]. Moreover, SS is 
also accompanied by hyperreflexia, clonus, and myoclonus 
[35]. With regard to autonomic dysfunctions, PHS usually 
manifests as tachypnea, tachycardia, and hypertension or 
hypotension [27], while autonomic dysfunctions (except 
for hyperpyrexia) in DHS are rare. In addition to tachycar-
dia, hypertension, and tachypnea, the autonomic dysfunc-
tions of SS can also manifest as diarrhea, bowel sound 

Table 3   Criteria for Guidance 
in the Diagnosis of DHS

The patient with acute-onset presented essential features and core features, with or without supportive fea-
tures, and the diagnosis could be DHS. The patient presented essential feature with 2 supportive features, 
and the possible diagnosis could be DHS.

Essential feature Core feature Supportive features

Severe and generalized dyskinesia Hyperpyrexia CK elevation or rhabdomyolysis
Consciousness disturbance
Autonomic dysfunction
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Spontaneous 
Clonus

YES

Inducible/Ocular
Clonus

YES Agitation or
Diaphosis

YES

Hyperpyrexia
(>38 )

YES Rigidity YES

Tremor YES Hyperreflexia YES

No

No

No

No No

NoNo

Unlikely Serotonin syndrome

Serotonine
syndrome

The Patients Must be Taking Serotonergic drugs

Fig. 3   The Hunter serotonin toxicity criteria

Table 4   Similarities and differences of PHS, DHS, and SS

a Clinical clues for diagnosing PHS. bClinical clues for diagnosing DHS. cClinical clues for diagnosing serotonin syndrome

PHS DHS Serotonin syndrome

Potential triggers Dopaminergic drug reduction or 
discontinuationa

STN-DBS dysfunctiona

High ambient temperature
Infection
Trauma

Dopaminergic drug elevationb

High ambient temperature
Infection
Trauma

Serotonergic drug elevationc

Disease duration Few days to 2 weeks Few days to 2 weeks Commonly within 24 hc

Neuromuscular signs Rigiditya

Akinesiaa

Tremor
Dystonia
Opisthotonos

Dyskinesiab Rigidity
Akinesia
Tremor
Clonusc

Hyperreflexiac

Myoclonusc

Autonomic dysfunctions Tachycardia
Tachypnea
Hypertension
Hypotension
Sweating

Rareb Tachycardia
Tachypnea
Hypertension
Hypotension
Sweating
Diarrheac

Bowel sounds activityc

Mydriasisc

Consciousness disturbance Confusion
Drowsiness
Stupor or lethargy
Coma

Confusion
Hallucinationsb

Stupor or lethargy
Coma

Akathisiac

Anxietyc

Agitationc

Confusion
Coma
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hyperactivity, and mydriasis [35]. In terms of consciousness 
disturbance, PHS mostly presents as a reduced conscious-
ness level, from drowsiness to coma [29]. However, DHS 
rarely develops into coma and often manifests as confusion 
and hallucinations. In addition, SS frequently occurs along-
side anxiety and agitation in mildly to moderately affected 
patients and delirium or coma in severely affecting patients 
[35]. Removing the triggers is the most important treatment 
method for the three clinical syndromes. PHS warrants a 
gradual increase in dopaminergic drug dosage or restarting 
DBS [29]. In contrast, DHS warrants a gradual reduction 
in dopaminergic drug dosage or a reduction in DBS. Fur-
thermore, SS warrants discontinuation of serotonergic drugs 
[35]. Besides acute treatment, prevention is also important 
to improve the prognosis. Prevention of these syndromes 
begins with an awareness of the differences and similari-
ties between the three syndromes on behalf of clinicians. 
When these syndromes are identified, clinicians can carry 
out diagnosis and treatment quickly and correctly, avoiding 
any deterioration in a patient’s condition due to misdiagno-
sis. Moreover, the clinicians recognized the triggers of these 

syndromes. Clinicians should avoid all avoidable triggers 
(abruptly reduced anti-parkinsonian medications could trig-
ger PHS, abruptly increased anti-parkinsonian medications 
could trigger DHS, and a combination of MAO-B and SSRI 
could trigger SS). In addition, when patients are exposed to 
unavoidable triggers (high ambient temperature and infec-
tion could trigger DHS and PHS), clinicians need to be 
aware of the possibility of these three syndromes. In order 
to quickly identify these three syndromes in clinical practice, 
we present a diagnosis flow chart (Fig. 4).

Conclusions

We summarized the triggers, clinical features, and treat-
ments for all reported DHS cases and proposed guiding 
diagnostic criteria for DHS for the first time. In the future, it 
is clear that these diagnostic criteria still need to be further 
verified and revised by subsequently reporting DHS cases. 
In addition, we elucidated the similarities and differences 
between PHS, DHS, and SS, establishing a flow chart to 

Acute onset hyperpyrexia
(>38 ) 

Dyskinesia Rigidity Neither dyskinesia 
nor rigidity 

Serotonergic 
drugs

Spontaneous 
Clonus

Inducible or 
Ocular Clonus

Tremor

Hyperreflexia

PHS Serotonin syndromeDHS Other etiologies

Serotonergic 
drugs

Spontaneous 
Clonus

Inducible or 
Ocular Clonus

No
Agitation or 
Diaphosis

Tremor

Hyperreflexia

No

No

No

No

No

YesYes

Yes

Yes

Yes Yes

Yes

Yes

Yes

No

No

No

No

No

Yes

Yes

Fig. 4   The diagnostic flow chart of DHS, PHS and SS
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guide diagnosis to quickly identify these three syndromes 
in clinical practice.
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