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1   |   INTRODUCTION

Type 1 diabetes (T1D) is a common chronic disease in 
childhood. In 2015, the incidence of T1D in youth in the 
United States was 22.3 per 100,0001 and the incidence has 
been reported to by increasing by 2%–3% every year.2 Most 
of the patients with T1D present with typical symptoms 
of hyperglycemia like polyuria and polydipsia; however, 
around 30% present in diabetic ketoacidosis (DKA).3 
Neurologic complications are relatively rare but can be 
present at initial diagnosis like lethargy, decreased level of 
consciousness, and coma. Other rare neurologic presenta-
tions that are more commonly seen in adult patients with 
T1D include cerebellar ataxia, hemiballismus-chorea, 
peripheral neuropathy, hyperosmolar coma, and stroke 
at the time of diagnosis; however, these tend to be rarely 
reported in children.4 Furthermore, the metabolic de-
rangements and dehydration associated with the severity 
of DKA have been reported to affect brain structure result-
ing in different neurological sequelae.5,6 While nonketotic 
hyperglycemic hemichorea-hemiballismus (NHHH) has 
been reported in adults as a neurologic complication of 

uncontrolled type 2 diabetes (T2D), it's rather rarely re-
ported in children where T1D is much more common than 
T2D. NHHH, also known as diabetic striatopathy, was first 
described in 19607 and is a movement disorder character-
ized by a typical triad of involuntary movements, striatal 
abnormalities on neuroimaging, and hyperglycemia in the 
setting of uncontrolled or newly diagnosed diabetes mel-
litus.8 This condition is rare and has been described in the 
elderly population with T2D with an estimated incidence 
of less than 1:100,000.9 NHHH has only been reported to 
occur in a few pediatric patients (Table  1).4,10–15 We de-
scribe the case of an adolescent boy who presented to our 
institution with NHHH after a recent diagnosis of T1D.

2   |   CASE HISTORY

A 14-year-old boy was transferred to a tertiary chil-
dren's hospital for evaluation and treatment of abnor-
mal movements and brain imaging findings that were 
initially concerning for a brain tumor. He complained 
of progressive involuntary movements of the left upper 

Received: 4 October 2022  |  Revised: 26 December 2022  |  Accepted: 3 January 2023

DOI: 10.1002/ccr3.6857  

C A S E  R E P O R T

Nonketotic hyperglycemic hemichorea-hemiballismus in a 
pediatric patient: A case report

Rita Saroufim   |   Tamara Hannon

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any 
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2023 The Authors. Clinical Case Reports published by John Wiley & Sons Ltd.

Division of Pediatric Endocrinology, 
Department of Pediatrics, Riley 
Hospital for Children at IU Health, 
Indiana University School of Medicine, 
Indianapolis, Indiana, USA

Correspondence
Rita Saroufim, Division of Pediatric 
Endocrinology, Department of 
Pediatrics, Riley Hospital for Children 
at IU Health, Indiana University School 
of Medicine, 705 Riley Hospital Drive, 
Indianapolis, IN 46202, USA.
Email: rsarouf@iu.edu

Abstract
Nonketotic hyperglycemic hemichorea-hemiballismus (NHHH) is an infrequent 
complication of diabetes mellitus, and rarely occurs in children. We present 
an adolescent boy with recent diagnosis of type 1 diabetes who presented with 
hemichorea and brain imaging findings consistent with NHHH. His symptoms 
resolved with euglycemia and valproic acid after few weeks.

K E Y W O R D S

adolescent, hyperglycemia, ketones, nonketotic hyperglycemic hemichorea-hemiballismus, 
type 1 diabetes

www.wileyonlinelibrary.com/journal/ccr3
mailto:﻿￼
https://orcid.org/0000-0002-6164-6484
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:rsarouf@iu.edu


2 of 6  |      SAROUFIM and HANNON

T
A

B
L

E
 1

 
Su

m
m

ar
y 

of
 re

po
rt

ed
 p

ed
ia

tr
ic

 c
as

es
 w

ith
 n

on
ke

to
tic

 h
yp

er
gl

yc
em

ic
 h

em
ic

ho
re

a-
he

m
ib

al
lis

m
us

 (N
H

H
H

)

K
um

ar
 e

t a
l.10

Su
ra

to
s 

et
 a

l.11
M

ih
ai

 e
t a

l.12
A

lv
es

 e
t a

l.13
Fa

un
de

z 
et

 a
l.14

A
qu

in
o 

et
 a

l.15
M

ul
de

r 
et

 a
l.4

A
ge

/s
ex

13
 yo

/F
16

 yo
/F

15
 yo

/F
8 y

o/
M

13
 yo

/M
14

 yo
/F

15
 yo

/M

Sy
m

pt
om

s
Sl

ow
, n

on
rh

yt
hm

ic
, 

in
vo

lu
nt

ar
y 

m
ov

em
en

ts
 o

f 
LU

E 
&

 L
LE

In
vo

lu
nt

ar
y 

un
co

or
di

na
te

d 
m

ov
em

en
ts

 o
f t

he
 ri

gh
t 

si
de

 o
f f

ac
e 

an
d 

R
U

E 
an

d 
R

LL

In
vo

lu
nt

ar
y 

m
ov

em
en

ts
 

pr
og

re
ss

iv
el

y 
in

vo
lv

in
g 

th
e 

en
tir

e 
ri

gh
t 

si
de

 o
f t

he
 

bo
dy

In
vo

lu
nt

ar
y 

m
ov

em
en

ts
 o

f 
R

U
E

In
vo

lu
nt

ar
y 

m
ov

em
en

ts
 

of
 L

U
E 

&
 L

LE
C

ho
re

ic
 m

ov
em

en
ts

 o
f 

LU
E 

&
 L

LE
C

ho
re

ic
 

m
ov

em
en

ts
 o

f 
LU

E 
&

 L
LE

D
ur

at
io

n 
of

 sy
m

pt
om

s
3 w

ee
ks

4 w
ee

ks
1 d

ay
15

 d
ay

s
10

 d
ay

s
3 d

ay
s

4 d
ay

s

Ty
pe

 o
f d

ia
be

te
s

N
ew

 o
ns

et
 T

2D
T1

D
 fo

r 8
 ye

ar
s

N
ew

 o
ns

et
 T

1D
T1

D
 fo

r 8
 ye

ar
s

N
ew

 o
ns

et
 T

1D
N

ew
 o

ns
et

 T
yp

e 
1b

 
di

ab
et

es
N

ew
 o

ns
et

 T
1D

H
bA

1c
/ b

lo
od

 g
lu

co
se

 
on

 p
re

se
nt

at
io

n 
of

 
N

H
H

H

12
.4

%
/ 6

34
 m

g/
dl

12
%

/ 3
17

 m
g/

dl
13

.9
%

/3
67

 m
g%

13
.5

%
 (3

 m
on

th
s 

pr
io

r)
/ 1

49
 m

g/
dl

17
.3

%
/ 2

9 m
m

ol
/L

−
/3

49
 m

g/
dl

>
14

%
/ 5

19
 m

g/
dl

Br
ai

n 
Im

ag
in

g 
fin

di
ng

 
on

 p
re

se
nt

at
io

n
C

T:
 h

yp
er

-d
en

si
ty

 o
f 

th
e 

ri
gh

t c
au

da
te

, 
pu

ta
m

en
, &

 
gl

ob
us

 p
al

lid
us

, 
w

ith
 su

bt
le

 
hy

pe
rd

en
si

ty
 

in
 th

e 
le

ft 
ba

sa
l 

ga
ng

lia

C
T:

 a
sy

m
m

et
ri

c 
hy

pe
r-


de

ns
iti

es
 in

vo
lv

in
g 

th
e 

bi
la

te
ra

l l
en

tif
or

m
 n

uc
le

i 
an

d 
th

e 
le

ft 
ca

ud
at

e 
nu

cl
eu

s

C
T:

 n
o 

ab
no

rm
al

 
de

ns
ity

 a
re

as
 

M
R

I: 
no

rm
al

.

M
R

I: 
T1

 
hy

pe
ri

nt
en

se
, 

T2
 is

oi
nt

en
se

 
bi

la
te

ra
l c

au
da

te
 

an
d 

pu
ta

m
en

, 
T2

 h
yp

er
in

te
ns

e 
si

gn
al

 in
 th

e 
ri

gh
t 

pu
ta

m
en

 w
ith

 
at

ro
ph

y

M
R

I: 
T1

 h
yp

er
in

te
ns

e,
 

T2
 a

nd
 F

LA
IR

 
hy

po
in

te
ns

e,
 

re
st

ri
ct

ed
 A

D
C

 ri
gh

t 
ca

ud
at

e 
nu

cl
eu

s a
nd

 
pu

ta
m

en

Br
ai

n 
M

R
I: 

T1
 a

nd
 

T2
- h

yp
er

in
te

ns
e 

si
gn

al
 o

n 
th

e 
ri

gh
t 

st
ri

at
um

T1
 h

yp
er

in
te

ns
e,

 
an

d 
T2

 
&

 F
LA

IR
 

hy
po

in
te

ns
e 

si
gn

al
 in

 
ri

gh
t a

nd
 le

ft 
pu

ta
m

en

Tr
ea

tm
en

t
H

al
op

er
id

ol
 a

nd
 

cl
on

az
ep

am
H

al
op

er
id

ol
 a

nd
 c

lo
na

ze
pa

m
H

al
op

er
id

ol
, 

ph
en

ob
ar

bi
ta

l, 
cl

on
az

ep
am

, 
di

az
ep

am

V
al

pr
oi

c 
ac

id
Te

tr
ab

en
az

in
e

H
al

op
er

id
ol

 a
nd

 
va

lp
ro

ic
 a

ci
d

Pr
eg

ab
al

in

Ti
m

e 
to

 re
so

lu
tio

n 
of

 
sy

m
pt

om
s

1 m
on

th
6 w

ee
ks

1 d
ay

2 d
ay

s
4 w

ee
ks

N
o 

re
so

lu
tio

n
1 w

ee
k

Fo
llo

w
-u

p 
br

ai
n 

im
ag

in
g

N
ot

 d
on

e
M

R
I: 

T1
 &

 T
2/

FL
A

IR
 

hy
pe

ri
nt

en
se

 le
ft 

ca
ud

at
e 

&
 b

ila
te

ra
l l

en
tif

or
m

 
nu

cl
ei

. M
in

im
al

 T
1 

&
 

T2
/F

LA
IR

 h
yp

er
in

te
ns

e 
ri

gh
t l

en
tif

or
m

 n
uc

le
us

N
ot

 d
on

e
C

T:
 h

yp
er

-d
en

si
tie

s 
in

 th
e 

ca
ud

at
e-


pu

ta
m

en
 b

ila
te

ra
l 

fr
on

ta
l l

in
ea

r 
hy

pe
r-

de
ns

iti
es

 
co

rt
ic

om
ed

ul
la

ry
 

ju
nc

tio
n

M
R

I: 
T1

 h
yp

er
in

te
ns

e 
he

m
os

id
er

in
 

de
po

si
ts

 a
nd

 a
tr

op
hy

 
of

 th
e 

ri
gh

t b
as

al
 

ga
ng

lia

M
R

I: 
pe

rs
is

te
nt

 si
gn

al
 

ab
no

rm
al

iti
es

 o
n 

th
e 

ri
gh

t b
as

al
 

ga
ng

lia
 a

nd
 

re
du

ce
d 

vo
lu

m
e 

of
 

th
e 

ri
gh

t p
ut

am
en

 
an

d 
ca

ud
at

e 
nu

cl
eu

s

N
ot

 d
on

e

A
bb

re
vi

at
io

ns
: A

D
C

, a
pp

ar
en

t d
iff

us
io

n 
co

ef
fic

ie
nt

; F
LA

IR
, f

lu
id

-a
tte

nu
at

ed
 in

ve
rs

io
n 

re
co

ve
ry

; L
LE

, l
ef

t l
ow

er
 e

xt
re

m
ity

; L
U

E,
 le

ft 
up

pe
r e

xt
re

m
ity

; R
U

E,
 ri

gh
t u

pp
er

 e
xt

re
m

ity
; T

1D
, T

yp
e 

1 
di

ab
et

es
; T

2D
, T

yp
e 

2 
di

ab
et

es
.



      |  3 of 6SAROUFIM and HANNON

and lower extremities for the past week. The movements 
did not involve the right side of the body, resolved dur-
ing sleep, and were noted to be worsening. He reported 
that the movements were not painful but were very 
bothersome and were not associated with any numbness 
or tingling sensation. Three weeks prior to presenta-
tion, he presented to the emergency room of an outside 
hospital with shortness of breath, weight loss, polyuria, 
polydipsia, and polyphagia. Evaluation showed severe 
DKA where he had a pH of 6.89, bicarbonate 4 mmol/L, 
anion gap 22, and glucose 662 mg/dl (36.8 mmol/L). He 
was started on an insulin drip and transferred to another 
outside hospital for admission and management of new 
onset T1D, the official records of which were unavaila-
ble. However, he reported being admitted for 3 days dur-
ing which he received subcutaneous insulin injections 
and he and his mom received diabetes education. After 
discharge, he reported having poor glycemic control at 
home. His past medical history was otherwise negative, 
and he had no previous surgeries. Regarding his birth 
history, he was born at term via normal vaginal delivery 
without any perinatal complications. He lived with his 
mom at home, his biological father was not involved, 
and he had no siblings. The family received support 
mainly from maternal relatives. He was in 9th grade 
and was active in playing basketball which he recently 
stopped because of the movements. He also complained 
of some polyuria and polydipsia; otherwise, the remain-
der of his review of systems was negative. His vital signs 
were within normal ranges with a temperature: 37.1°C, 
blood pressure: 121/71 mmHg, heart rate: 78 bpm, res-
piratory rate: 15 br/min, and oxygen saturation of 97%. 
On physical exam, his weight was 64.9 kgs (80.74%ile), 
his height was 172 cm (67.59%ile) and his BMI was 
23.7  kg/m2 (87.12%ile). He was alert and oriented and 
exam was significant for choreiform movements in the 
left upper and lower extremities without associated 
muscle weakness. Otherwise, the remainder of his neu-
rologic and general exam were normal. In light of the 
abnormal brain MRI performed at the outside hospital, 
the differential diagnosis was narrowed down to a brain 

tumor, cerebral infarct, or NHHH. Laboratory studies 
were notable for hyperglycemia with glucose 321 mg/dl 
(17.8 mmol/L), normal electrolytes except for sodium of 
132 (135–145 mmol/L) indicating pseudohyponatremia, 
HbA1c 14.5% (4–5.6%), the presence of elevated levels of 
glutamic acid decarboxylase antibodies 10.3 (0–5 IU/ml) 
further confirming T1D, and islet cell antibodies <5.4 
(0–7.4 units/ml). His urine analysis was negative for glu-
cose, protein, and ketones for 3 occurrences during his 
admission. An interpretation of the brain CT scan per-
formed at the outside hospital revealed a hyperintense 
lesion in the right basal ganglia (Figure 1A,B). To further 
characterize this lesion, a brain MRI was performed at 
our institution and was significant for T1 hyperintense/
T2 hypointense signal within an atrophic right caudate 
nucleus and lentiform nucleus (Figure 2A–C). Given the 
history of uncontrolled T1D and the associated imaging 
findings, he was diagnosed with NHHH which is a rare 
complication of uncontrolled diabetes mellitus.

The patient was hospitalized for 3 days during which 
his insulin doses were titrated, and he and his parent 
received 2 days of diabetes education. He was also pre-
scribed valproic acid 500 mg daily per neurology rec-
ommendations that was gradually increased during 
outpatient follow-up to 500 mg in the morning and 
750 mg in the evening because his symptoms persisted 
after discharge. His movements gradually improved 
until they completely disappeared after 6 weeks from ini-
tial presentation. No follow-up brain imaging was per-
formed. Unfortunately, metabolic and glycemic control 
of his diabetes were complicated by social determinants 
of health. He was placed in the foster care system due 
to not having his needs met and his diabetes remained 
poorly controlled. Despite his consistently high HbA1c 
values with follow-up which ranged between 10.3% and 
14.4%, he had significant weight gain from 52.2  kgs at 
initial diagnosis of DKA to 77 Kgs at his last follow-up 
appointment after 1 year of diagnosis. His choreiform 
movements, however, did not recur despite poor glyce-
mic control. A summary of the patient's presentation is 
presented in Table 2.

F I G U R E  1   Computed CT scans of 
the brain showing abnormal hyperintense 
lesion on the axial (A) and sagittal (B) 
sections



4 of 6  |      SAROUFIM and HANNON

3   |   DISCUSSION

The pathophysiology of NHHH is still not yet com-
pletely understood. According to a recent metanalysis,16 
the estimated prevalence of 1:100,000 is thought to be 
underestimated due to the lack of knowledge about this 

condition. There is a slight predominance in females 
(male to female ratio of 1:1.7) and Asia contributes to 
71.6% of the reported cases followed by Europe (8.5%) 
and the Americas (4%).16

The chorea of NHHH has some pathognomonic 
characteristics. According to their type and severity, the 

T A B L E  2   Summary of the patient's clinical presentation and follow-up

Patient demographics

Age/gender Ethnicity Height Weight BMI PMHx/PSHx

14 yo/M African American 172 cm (67.59%ile) 64.9 Kgs (80.74%ile) 23.7 kg/m2 
(87.12%ile)

Uncontrolled T1D 
(3 weeks PTP, in 
DKA)/None

Clinical presentation

Symptoms Review of systems
Physical exam (pertinent 
findings) Workup

1 week of 
progressive 
involuntary 
movements of 
LUE & LLL

-	 No associated muscle 
pain, weakness, or 
numbness.

-	 No fever
-	 Polyuria & polydipsia 

present

-	 Choreiform movements in 
LUE & LLL

-	 No muscle weakness

Glucose 321 mg/dl, HbA1c 14.5%
GAD65 positive, IA negative
Electrolytes normal
Urine analysis: no ketones
CT brain: hyperintense lesion in the right basal 

ganglia
MRI brain: T1 hyperintense/T2 hypointense signal 

within an atrophic right caudate nucleus and 
lentiform nucleus

Treatment & follow-up

Diagnosis & treatment Follow-up

Diagnosis: Nonketotic hyperglycemic hemichorea-hemiballismus
Treatment:
MDI insulin
Valproic acid (dose titrated to symptomatic control)

-	 Choreic movements completely resolved after 6 weeks of 
presentation.

-	 Diabetes remained poorly controlled due to complicated social 
situation.

-	 No follow-up brain MRI was done

Abbreviations: BMI, body mass index; PMHx, past medical history; PSHx, past surgical history; T1D, Type 1 diabetes; DKA, Diabetic Ketoacidosis; GAD65, 
Glutamic Acid Decarboxylase Antibodies; IA, Islet cell antibodies; LUE, left upper extremity; LLL, left lower extremity; MDI, multiple daily injections.

F I G U R E  2   Magnetic Resonance Imaging (MRI) images of the brain showing a T1 hyperintense signal within an atrophic right caudate 
nucleus and lentiform nucleus on the coronal (A), axial (B) and sagittal (C) sections.
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abnormal involuntary movements can be classified from 
mild chorea to severe ballism. Ballismus is uncoordi-
nated wild-flinging movements caused by contraction 
of the proximal limb muscles.17 Chorea consists of more 
continuous and random motions restricted to the distal 
muscles.18 The movements usually have an acute or sub-
acute onset, can present with different severities, are most 
commonly unilateral, rarely bilateral, resolve with sleep 
and are progressive if not treated.8 They are typically asso-
ciated with contralateral imaging findings mainly striatal 
hyperintensity on T1-weighted MR images or high density 
on CT scans in the basal ganglia, most commonly involv-
ing the putamen.16 Moreover, improvement of the imag-
ing findings usually lags the resolution of symptoms.

Many mechanisms have been proposed to explain 
NHHH. The most widely accepted theory is that during 
states of non-ketotic hyperglycemia, the Kreb's cycle is 
inactivated, and the brain shifts to the anaerobic pathway 
and uses GABA as an energy source which ultimately 
gets depleted. The depletion of GABA, acetylcholine, 
and resulting metabolic acidosis produces basal gan-
glia dysfunction leading to chorea. Inversely, ketones 
in DKA are used as an energy source producing GABA 
as a metabolite; hence, the rarity of NHHH in children 
where T1D is much more common than T2D. However, 
this hypothesis does not explain why the manifestations 
are usually unilateral and do not resolve promptly after 
glycemic control. Other theories include basal ganglia 
ischemia, hemorrhage, ion deposition, and increased 
dopamine secretion.19 Interestingly, our patient did not 
have urine ketones throughout his initial admission for 
abnormal movements. He did, however, have urine ke-
tones on follow-up when his symptoms had completely 
resolved.

NHHH tends to have a good prognosis. The abnormal 
movements are reversible and the mainstay of treatment is 
achieving adequate glycemic control. However, symptoms 
may persist for weeks despite normoglycemia necessitat-
ing the addition of a therapeutic agent. Most commonly 
used drugs are dopamine antagonists such as haloperidol 
and risperidone, anticonvulsants such as valproic acid and 
topiramate, or benzodiazepines such as diazepam and 
clonazepam.11 Our patient's symptoms persisted for few 
weeks despite improved glycemic control for which he re-
quired valproic acid that was titrated to control his symp-
toms. His symptoms eventually resolved after 6 weeks and 
valproic acid was stopped.

4   |   CONCLUSION

NHHH is a rare complication of diabetes mellitus es-
pecially in children. It is important for clinicals to have 

a high index of suspicion for NHHH in a patient with 
choreiform movements and hyperglycemia because the 
mainstay of treatment is achieving glycemic control. More 
importantly, as more youth are diagnosed with T2D and 
other rare forms of diabetes, the diagnosis of NHHH is im-
portant to recognize.
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