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Abstract
Introduction Chorea is a hyperkinetic movement disorder with sudden, irregular, random, dance-like involuntary move-
ments, and ballism is usually one-sided, high-amplitude movements at the proximal of the extremities. In the etiology of 
acute chorea/hemiballismus, it is necessary to distinguish drugs first and then focus on metabolic causes. The most important 
etiological causes that may provoke acute/subacute onset chorea/hemiballismus are hypo-hyperglycemia and electrolyte 
disorders. In this study, we aim to present 19 patients who were admitted to our clinic with movement disorder with acute/
subacute onset and diagnosed with chorea/hemiballismus.
Methods The study was completed with 19 patients. Routine biochemistry, HbA1c level, hemogram, sedimentation, CRP, 
hepatitis panels, detailed infective parameters, HIV, vitamin B12 level, folate levels, and thyroid function tests were studied. 
All patients underwent neuro-imaging.
Results 16(84.2%) were female and 3(15.8%) were male. The lowest age of the patients was 48 years, the highest age was 
89 years, and the mean age was 72.21 years. Thirteen (68.42%) patients had a diagnosis of diabetes mellitus in their history. 
The blood glucose levels of these patients at the time of admission: the lowest was 99 mg/dl and the highest was 1200 mg/
dl. HbA1c values of 11(84.61%) of the 13 patients were also found elevated. Thirteen (68.4%) patients had hemiballismus, 
4(21.1%) patients had bilateral choreoathetosis in the four extremities, and 2(10.2%) patients had ballism limited to one 
upper extremity.
Conclusions Chorea/hemiballismus is a movement disorder that is rare and can occur due to a wide range of etiologies. The 
most common metabolic cause is NKHHS.

Introduction

Chorea is a hyperkinetic movement disorder (MD) with sud-
den, irregular, random, dance-like involuntary movements 
that affect any part of the body. Athetosis is a slower form 
of chorea and ballism is usually one-sided, high-amplitude 

movements at the proximal of the extremities [1, 2]. They 
may appear as primary disorders or secondary to various 
medical situations [3]. Some endocrine diseases, liver and 
kidney failure, hyperglycemia, and electrolyte disorders 
could often present with MD. The pathophysiology of these 
disorders is complex and poorly understood. These disor-
ders are seen as a result of dysfunction of the connections 
between the Basal Ganglia (BG)s and frontal motor cortex. 
In etiology, many conditions, such as infections, medica-
tions, and paraneoplastic syndromes, could appear, but 
cerebrovascular diseases and non-ketotic hyperglycemic 
hyperosmolar state (NKHHS) are the most often cause of 
them [3–6]. Also, advanced age, type 2 diabetes mellitus 
(DM), and female gender were shown as the risk factors for 
chorea/hemiballismus, which occurs as a rare complication 
of hyperglycemia [7, 8]. In the etiology of acute chorea/
hemiballismus, it is necessary to distinguish drugs first and 
then focus on metabolic causes. The most important etio-
logical causes that may provoke acute/subacute onset chorea/
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hemiballismus are hypo-hyperglycemia and electrolyte dis-
orders. Especially in NKHHS, the status starts mostly acute/
subacute and progresses within days [3, 9].

In this study, we aim to present 19 patients who were 
admitted to our clinic with MD with the acute/subacute 
onset and diagnosed with chorea/hemiballismus in the last 
3 years and discuss these patients in line with the literature.

Methods

Patients who applied to Sakarya University Training and 
Research Hospital Neurology Clinic between March 2018 
and March 2021 with acute/subacute onset MD were evalu-
ated. Thirty patients that diagnosed with chorea/hemib-
allismus and followed up regularly in the MD outpatient 
clinic for at least 6 months were included in the study. 
Among these patients, those diagnosed with Idiopathic 
Parkinson's Disease and/or Parkinson's plus syndrome and 
those diagnosed with Huntington's Disease by genetic tests 
were not included in the study. In addition, patients who 
used multiple psychiatric drugs and were not followed up 
regularly in outpatient clinic were also excluded from the 
study. The study was completed with a total of 19 patients. 
The study was approved by the Sakarya University Ethics 
Committee on October 15, 2021, with the approval num-
ber E-71522473–050.01.04.74628–466. Their medical 

histories, family histories, co-morbidities, and medications 
were investigated. Then, routine biochemistry, HbA1c level, 
hemogram, sedimentation, CRP, hepatitis panels, detailed 
infective parameters, HIV, vitamin B12-folate levels, and 
thyroid function tests were studied. All patients underwent 
neuro-imaging.

Results

Of the 19 patients, 16(84.2%) were female and 3(15.8%) 
were male. The lowest age of the patients was 48, the high-
est was 89, and the mean age was 72.21. Thirteen (68.42%) 
patients had a diagnosis of DM. The blood glucose levels 
of these patients at the time of admission; the lowest was 
99 mg/dl and the highest was 1200 mg/dl. HbA1c values 
of 11(84.61%) of the 13 patients were also found elevated. 
In 3 (50%) of the 6 (31.57%) patients who did not have 
DM, blood glucose level was found to be above 120 mg/
dl during admission. Of the 19 patients, 10 (52.3%) had 
hypertension (HT), 7 (36.8%) had cerebrovascular disease 
(CVD), 2 (10.5%) had congestive heart failure (CHF), 2 
(10.5%) had malignancy, and 1 (5.3%) had chronic obstruc-
tive pulmonary disease (COPD). One (5.3%) patient had 
concomitant COVID-19 pneumonia (Table 1). Thirteen 
(68.4%) patients had hemiballismus, 4 (21.1%) patients 

Table 1  Demographic data and 
medical history of patients

DM diabetes mellitus, CVD cerebrovascular disease, HT hypertension, CHF congestive heart failure, 
CORD chronic obstructive respiratory disease, PTE pulmonary thromboembolism

Patient Age Sex DM Blood glucose 
(mg/dL)

HbA1c (%) Other co-morbidities

1 48 F None 122 5,8 Breast cancer
2 55 F Yes 312 8,3 CVD
3 69 F Yes 344 15,7 None
4 89 M Yes 720 15,7 CVD, prostat cancer
5 82 F Yes 99 6,1 HT, CHF
6 70 M Yes 109 5,5 CORD
7 79 F None 95 5,8 HT, CVD
8 78 F Yes 681 11,9 HT
9 71 F Yes 132 6,2 COVID pneumonia
10 72 F Yes 120 6,9 HT
11 89 M None 171 6 HT, PTE
12 80 F None 84 5,7 None
13 62 F Yes 1200 21 HT
14 65 F None 128 6 None
15 78 F Yes 528 10,06 HT, CHF
16 61 F Yes 304 10,2 HT, CVD
17 74 F None 119 5,7 CVD, HT, Epilepsy
18 74 F Yes 207 15 HT, CVD
19 76 F Yes 800 8,6 CVD
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had bilateral choreoathetosis in the four extremities, and 2 
(10.2%) patients had ballism limited to one upper extremity.

Hemiballismus

In hemiballismus patients, in 8(61.53%) of 13 patients, 
no features were detected on Brain Computed Tomog-
raphy (CT), while contralateral thalamic hematoma in 
2(15.3%) patients, and contralateral hyperdensity in BG 
in 3 (23.07%) patients was seen on Brain CT. Cranial 
Magnetic Resonance Imaging (MRI) revealed no features 
in T1-weighted images in 10 (76.92%) of 13 patients. In 
1 (7.69%) patient, contralateral BG hyperintensity was 
seen in the T1 MRI, while Cranial MRI was not per-
formed in 2 (15.38%) cases with hematoma detected on 
Brain CT (Fig. 1). Valproic acid (VA) was started in 5 
(38.46%) of 13 patients with hemiballismus, haloperidol 
in 3 (23.07%), and olanzapine was started in 1 (7.69%) 
patient. In 4 (30.7%) patients, the symptoms could not 
be controlled with monotherapy, and combination ther-
apy was started. The combination of haloperidol and VA 
was used in 3 (23.07%) patients, and the combination of 
haloperidol, VA, and gabapentin was used in 1(7.69%) 
patient. In the etiology, 6 (46.15%) of these 13 patients 

with hemiballismus had NKHHS, 2 (15.3%) had thalamic 
hematoma, and 5 (38.46%) had no etiological cause. Sur-
veys of these patients, 11 (84.61%) had a complete recov-
ery with treatment, 1 (7.69%) had secondary parkinson-
ism due to haloperidol without follow-up 6 months, and 1 
(7.69%) died due to NKHHS.

Bilateral choreoathetosis

In bilateral choreoathetosis cases, 3 (75%) of the 4 patients 
had no feature on Cranial MRI T1 and Brain CT, while in 1 
(25%) patient, bilateral BG lesions were observed on both 
Brain CT and Cranial MRI T1 (Fig. 1). VA was used in 2 
(50.0%) of 4 patients and haloperidol was used in 1 (25.0%) 
patient. In 1 (25.0%) patient, monotherapy was not sufficient, 
and thus, haloperidol, VA, levetiracetam, and gabapentin 
combination were administered. Looking at the etiology of 
these patients, NKHHS was present in 2 (50.0%) and no 
etiological causes in the other 2 (50.0%); however, one of 
them was diagnosed with COVID-19 pneumonia simultane-
ously with choreoathetosis. According to the survey, com-
plete recovery was observed in 3 (50.0%) patients, whereas 
1 (25.0%) patient died due to sepsis.

Fig. 1  P3: Lesion in the right BG; hyperdense in axial NCCT (a, b) 
and hyperintense in T1-weighted axial MRI (c), P4: lesions in bilat-
eral BGs; hyperdense in axial NCCT (a,  b) and hyperintense in 
T1-weighted axial MRI (c, d) more prominent on the left, P8: lesions 
in bilateral putamen and head of caudate nucleus; hyperdense in axial 
NCCT (a, b) and hyperintense in T1-weighted axial MRI (c, d) more 
prominent on the left, P12: left thalamic hemorrhage in axial NCCT, 
P13: lesion in the left putamen and head of caudat nucleus; hyper-

dense in axial NCCT (a, b), P17: right thalamic hemorrhage in axial 
NCCT (a), SWI sequence MRI shows bilateral BGs microhemor-
rhages in addition to the thalamus (b, c), P18: lesion in the right puta-
men; hyperdense in axial NCCT (a) and hyperintense in T1-weighted 
axial MRI (b, c), and P19: lesions in bilateral BGs; hyperintense in 
T1-weighted axial MRI. P patient, BG basal ganglia, NCCT  non-
contrast computed tomography, MRI magnetic resonance imaging 
(acquired with 1.5 T), SWI susceptibility-weighted ımaging
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Upper extremity ballism

In upper extremity ballism patients, 1 (50.0%) had no fea-
tures on the Brain CT and Cranial MRI, while in the other 
patient had hyperdensity on the Brain CT and hyperintensity 
on the Cranial MRI T1 at the bilateral BGs were observed 
(Fig. 1). While haloperidol was started in 1(50.0%) patient, 
monotherapy was not sufficient in the other one, and halo-
peridol and VA combination therapy was administered. 
The etiology of these patients, NKHHS was detected in 
1(50.0%), while breast cancer was detected in the other. 
According to the survey, 1(25.0%) completely recovered, 
and the other died due to sepsis (Table 2).

Discussion

Chorea/hemiballismus is a hyperkinetic MD characterized 
by short-term, random, irregular, involuntary movements 
caused by damage in the pathways in the BGs, leading to 
excessive dopamine activity. Chorea usually affects the 
distal of the extremities, rarely face and trunk, while bal-
lism mostly affects the proximal of the extremities and has a 
wider amplitude [4]. The etiology of chorea/hemiballismus 
is quite diverse and can be seen as a result of metabolic dis-
eases, hypoxic-ischemic events, vascular disorders, medica-
tions, toxins, infections, and systemic inflammatory, immu-
nological diseases. Among the metabolic causes, the most 
common is NKHHS [10]. The acute/subacute presentation 
of chorea/hemiballismus is an essential finding for determin-
ing the etiology. In the acute onset, first NKHHS, and after 
other metabolic conditions, and drugs should be considered 
in the differential diagnosis [9, 11]. The age of onset of cho-
rea/ballism and the acute or progressive form of onset may 
give an idea of the differential diagnosis. In terms of the age 
of onset, especially in Huntington's Disease, the onset of 
symptoms and the genetic diagnosis of patients occur at later 
ages. The way of onset is one of the most important deter-
minants in differentiating the causes of neurodegenerative 
chorea. Especially, chronic chorea lasting months to years is 
usually associated with a neurodegenerative condition [12].

The incidence of NKHHS-related chore/hemiballismus 
increases with female gender, advanced age, newly diag-
nosed type 2 DM, and non-well-regulated blood sugar. In a 
series of 15 patients of NKHHS-related chore/ballism, Chen 
et al. found that 11 (73.3%) of the patients were female, 4 
(26.7%) were male, while in our study, 16 (84.2%) of the 
patients were female, and 3 (15.8%) were male [1, 6]. In 
the same study, the average age was 54.1, and 10 (66.6%) 
of the 15 patients had a DM history, 5 (33.4%) had a newly 
diagnosed DM. In our study, the average age was 72.21, 
and DM was present in 13 (68.42%) of 19 patients, and 
NKHHS-related chore/ballism was detected in 9 of them 

[1]. The occurrence of NKHHS-related chore/hemiballismus 
is most often acute/subacute. Considering the patient reports 
and patient series in the literature, it is seen that the chorea/
hemiballismus appears in a few days to a few weeks [1, 4–7]. 
In our patients, the time of onset of symptoms was similar 
to the literature.

The pathophysiology of NKHHS-related chore/hemibal-
lismus is not clear. Several hypotheses were proposed related 
to this condition. The first hypothesis is the depletion of 
gamma-aminobutyric acid (GABA) as an alternative energy 
source in hyperglycemia, and the appearance of thalamic 
disinhibition and hyperkinetic movements in combina-
tion with a deficiency of GABA. Other hypotheses are that 
hyperglycemia directly affects brain metabolism, disrupts 
blood–brain barrier permeability, and hyperglycemia-related 
ischemia and microhemorrhages are seen in BGs [4, 7, 8]. 
However, these hypotheses are insufficient to explain the 
pathophysiology. While especially in metabolic disorders, 
the effect on BG is expected to be bilateral, these hypoth-
eses cannot explain why the manifestation is mostly seen 
unilaterally.

Considering the neuro-imaging in NKHHS-related chore/
hemiballismus, it is seen that studies in the literature recom-
mend using Brain CT and Cranial MRI T1 as a diagnostic 
criterion [13, 14]. Mostly expected, hyperdensity on Brain 
CT and hyperintensity on Cranial MRI T1 is observed in 
the contralateral BG. In rare patients, ipsilateral or bilateral 
BG may also be affected [13]. However, it was also found in 
the literature that there are no features in neuro-imaging in 
some of the patients of NKHHS-related chore/ballism [1, 6]. 
We also found features in neuro-imaging in 5 of 9 patients 
with NKHHS-related chore/hemiballismus in line with the 
literature. In 3 of these 5 patients, we detected hyperdensity 
on Brain CT and hyperintensity on Cranial MRI T1 in the 
contralateral of the affected extremity. In one of the other 
2 patients with ballism in the right upper extremity, hyper-
intensity in bilateral BGs on Brain CT and hyperintensity 
in contralateral BG on Cranial MRI T1 were observed. In 
the other patient with bilateral choreoathetosis, bilateral BG 
lesions were observed on both Brain CT and Cranial MRI. 
We did not detect any features on the Brain CT and Cranial 
MRI of the remaining 4 patients with NKHHS-related chore/
hemiballismus.

In the etiology, there are many reasons for the develop-
ment of acute/subacute chorea/hemiballismus, other than 
NKHHS. In our study, 9 patients were presented with the 
NKHHS. Looking at the literature, it seems that the develop-
ment of acute MD due to ischemic/hemorrhagic stroke is rare 
and the rate is %1–4 of all strokes [15]. A study that screened 
1500 patients with stroke between 1990–1999 reported that 56 
patients developed post-stroke MD, and 20 (35.7%) of these 
had chorea [16]. In our study, consistent with the literature, we 
detected contralateral thalamic hematoma in only 2 patients. 
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There are also patient reports in the literature that contralateral 
hemiballismus due to thalamic hematoma. The occurrence of 
hemiballismus due to thalamic involvement without the direct 
involvement of BGs was associated with the interruption of 
afferent and efferent pathways of BGs [17]. In the remaining 

8 patients, we did not detect any etiological factors. In these 
patients, we also did not observe any neuro-imaging findings. 
In one of these patients, breast cancer was diagnosed 6 months 
after discharge. When we look at the literature, it is seen 
that paraneoplasia is also present in the etiology, especially 

Table 2  Characteristics, onset, imaging findings, treatments, etiology, and survey of patients

HB hemiballismus, NKHHS non-ketotic hyperglycemic hyperosmolar state, BG basal ganglion, VA valproic acid
*Haloperidol, valproic acid
**Haloperidol, valproic acid, levetiracetam, gabapentin
***Haloperidol, valproic acid, gabapentin

Patient Chorea/ballism
characteristics

Onset to hospital CT MRI T1 Treatment Etiology Survey

1 Ballism of left 
upper limb

One day Unremarkable Unremarkable Haloperidol Malignancy Doing well

2 Left HB Several days Unremarkable Unremarkable Olanzapine NKHHS Doing well
3 Left HB Three days Hyperdense in 

right BG
Unremarkable VA NKHHS Seconder parkin-

sonism because 
of haloperidol 
(no follow-up 
for six months)

4 Ballism of right 
upper limb

Several days Hyperdense in 
bilateral BG

Hyperintense in 
left BG

Multi-treatment* NKHHS Exitus

5 Left HB Several months Unremarkable Unremarkable Haloperidol Undetermined Doing well
6 Left HB One week Unremarkable Unremarkable VA Undetermined Doing well
7 Right HB Several days Unremarkable Unremarkable VA Undetermined Doing well
8 Choreoathetosis 

of bilateral 
upper and

lower limbs

Ten days Hyperdense in 
bilateral BG

Hyperintense in 
bilateral BG

Multi-treat-
ment**

NKHHS Exitus

9 Choreoathetosis 
of bilateral 
upper and

lower limbs

One day Unremarkable Unremarkable Haloperidol Covid pneumonia Doing well

10 Choreoathetosis 
of bilateral 
upper and

lower limbs

Two days Unremarkable Unremarkable VA Undetermined Doing well

11 Right HB Two months Unremarkable Unremarkable VA Undetermined Doing well
12 Right HB Two days Acute left tha-

lamic hemor-
rhage

- Multi-treat-
ment***

Thalamic hemor-
rhage

Doing well

13 Right HB One month Hyperdense in 
left BG

Unremarkable Multi-treatment* NKHHS Exitus

14 Right HB Several days Unremarkable Unremarkable Haloperidol Undetermined Doing well
15 Choreoathetosis 

of bilateral 
upper and

lower limbs

Several days Unremarkable Unremarkable VA NKHHS Doing well

16 Right HB One day Unremarkable Unremarkable VA NKHHS Doing well
17 Left HB One day Acute right tha-

lamic hemor-
rhage

- Haloperidol Thalamic hemor-
rhage

Doing well

18 Left HB Two weeks Hyperdense in 
right BG

Hyperintense in 
the right BG

Multi-treatment* NKHHS Doing well

19 Right HB Three months Unremarkable Unremarkable Multi-treatment* NKHHS Doing well
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in adults. Patients of small cell lung cancer were reported 
mostly. However, in paraneoplasia-associated MD, the survey 
is expected to be poor, while in our patient, the symptoms were 
controlled with monotherapy in a short time, and did not recur 
during follow-ups. Therefore, the co-occurrence of malignancy 
and the ballism is considered incidental [18]. Moreover, one 
of these 8 patients was found to have an acute onset bilat-
eral choreoathetosis concurrent with COVID-19 pneumonia. 
Looking at the literature, COVID-19-associated acute chorea 
is quite rare. In some patient reports and a few newly pub-
lished studies, it has been stated that movement disorders can 
be seen with and/or after COVID-19, and chorea can also be 
detected [19–22]. The absence of any other risk factor in the 
etiology, the absence of features in the neuro-imaging, and the 
simultaneous onset of symptoms suggested that COVID-19 
pneumonia may be a possible etiological factor in the choreo-
athetosis in this patient.

In treatment, first, the underlying cause should be deter-
mined and treated [23]. NKHHS-induced chorea/hemibal-
lismus is often benign and responds quickly to strict control 
of blood sugar. However, until DM regulation is achieved, 
medical treatment can be started for symptom control [3]. 
In the literature, it was noted that NKHHS-induced chorea/
hemiballismus was completely treated within 6 months, often 
with blood sugar regulation and medication [1]. In treatment, 
dopamine-depleting therapy (neuroleptics) and antiepileptics, 
especially VA, are recommended [23]. When looking at the 
studies, it is seen that neuroleptics, especially haloperidol and 
VA from antiepileptics, are preferred first [1, 5, 6]. However, 
the use of neuroleptics has been limited due to side effects 
such as secondary parkinsonism. In our study, similar to the 
literature, we preferred VA in 7 (36.84%), neuroleptic in 6 
(31.57%), and combinations of neuroleptic and antiepileptics 
in 6 (31.57%) patients. Tetrabenazine, which is mainly used 
in the treatment of Huntington's chorea, can also be used in 
the treatment of other choreas besides Huntington's. There are 
publications in the literature, showing that tetrabenazine can 
also be used in the treatment of hemiballismus due to NKHHS 
[23, 24]. However, we did not use tetrabenazine in any of our 
patients, especially since it is difficult to provide in our coun-
try. We think that tetrabenazine can also be used as a treat-
ment option in resistant chorea/hemiballismus that cannot be 
controlled with the other treatments mentioned. According 
to the surveys, only 3 (15.78%) patients died, and 1 (5.26%) 
developed secondary parkinsonism. In the other 15 (78.94%), 
complete recovery was observed at 6 months of follow-up.

Conclusions

Chorea/hemiballismus is a rare MD and can occur due to 
a wide range of etiologies. The most common metabolic 
cause is NKHHS. Therefore, blood sugar and Hba1c values 

should be examined in every patient especially acute/suba-
cute chorea/ hemiballismus, with or without a DM diagnosis. 
Brain CT and Cranial MRI should be evaluated for differen-
tial diagnosis, but also be noted that in some patients, they 
can be completely normal. With neurological examination, 
laboratory tests, and imaging methods, a diagnosis can be 
made and etiology can be determined in most patients. In 
our study, despite modern neuro-imaging methods and labo-
ratory tests, etiological causes were not detected in about 
30% of patients, similar to the literature. It is believed that 
multicenter studies are needed to clarify the group whose 
etiology cannot be determined.
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