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Background: Diabetic chorea is a rare complication of diabetes mellitus for which head MRI is the most common diagnostic imaging
modality. Cases have been reported where CT and/or MRI findings are inconsistent or clinical symptoms and imaging findings do not
appear simultaneously. We aimed to compile the cases in which imaging findings appeared on MRI retests and to examine in
a systematic review whether temporal differences in the appearance of imaging findings correlate with clinical characteristics.

Case Presentation: An 80-year-old man with type 2 diabetes mellitus came to a hospital with abnormal movements of the left upper
and lower extremities. Two days after the first visit, his symptoms flared up, and his head MRI showed an old cerebral infarction and
no new lesion. On day 14, he retested T1-weighted imaging and showed a high signal in the right putamen, which was considered
diabetic chorea. Blood glucose was controlled with insulin, and the involuntary movements disappeared.

Methods: PubMed and ICHUSHI were searched to identify patients with diabetic chorea who had undergone MRI retests. Patients
grouped by the temporal change in the presence/absence of imaging findings were compared on age, sex, duration of diabetes mellitus,
blood glucose level, HbAlc level, side of involuntary movement, time to first MRI, and follow-up MRI.

Results: Of the 64 cases analyzed, 43 (67.2%) were female. The mean age was 69.0 years. 16 (25.0%) had worsening findings upon
MRI retesting, 37 (57.8%) had improvement, and 10 (15.6%) had unchanged findings. There were no significant differences in age,
sex, mean blood glucose level or HbAlc at onset among the groups.

Conclusion: There was no association between the pattern of appearance of imaging findings over time and clinical characteristics,
including glucose levels. If initial MRI findings are negative, MRI retesting after a certain time may help diagnose diabetic chorea.
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Background

Nonketotic hyperglycemia-induced chorea was first described in the 1960s," and diabetic chorea is a disease that causes
chorea and ballism associated with hyperglycemia. Although a rare complication of diabetes, nonketotic hyperglycemia
is the most common metabolic cause of hemichorea-hemiballismus.”> It is characterized by acute-onset chorea and
hyperintense changes in the striatum on T1-weighted MRI. Its prevalence is 1 in 100,000, and it occurs more frequently
in older women with type 2 diabetes mellitus. CT and MRI are the most common imaging modalities for detecting striatal
abnormalities in diabetic chorea. Chua et al* reported the sensitivity of CT and MRI to be 78.86% and 95.33%,
respectively, with MRI being the more reliable test than CT. Furthermore, the discrepancy between CT and MRI findings
was reported in 1/6 of cases, and in 1/10 of cases, clinical symptoms and imaging findings of diabetic chorea did not
appear simultaneously.” To our knowledge, few reports of MRI being repeated within a short time after negative MRI
findings, with the retest showing typical findings. In addition, the characteristics of cases in which MRI is repeated and
new imaging findings appear or the imaging findings worsen (increased brightness) are unknown.
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Here, we report our experience with a case of worsening imaging findings, and we examine through a systematic
review whether changes in the presence/absence of imaging findings over time are correlated with clinical characteristics.

Case Presentation

An 80-year-old man with independent activities of daily living, cerebral infarction, and type 2 diabetes mellitus came to
a hospital with a chief complaint of abnormal movements of the left upper and lower extremities. Two days after the first
visit, his symptoms flared up, and his head MRI showed only an old cerebral infarction and no new lesion (Figure 1a).
On day 7, his movements, including jerking of the left upper and lower extremities, worsened, and on day 11, he started
saying things that did not make sense. On day 14, he visited a hospital again and was hospitalized. Physical examination
revealed ballism of the left upper and lower extremities, and blood tests showed a blood glucose level of 243 mg/dl,
which fluctuated little, an HbAlc of 14.1%, and no evidence of acidosis. On the same day, we suspected stroke,
encephalitis or chorea, and head MRI was repeated, in which T1-weighted imaging showed a high signal in the right
putamen, which was considered diabetic chorea (Figure 1b). Blood glucose was controlled with insulin, and on the
5th day in the hospital, the blood glucose level dropped below 200 mg/dl at all times, and the involuntary movements
disappeared.

Methods

Literature Search Strategy and Selection Criteria

A systematic review was conducted based on PRISMA 2020 (Figure 2). Inclusion criteria were cases of diabetes mellitus
combined with chorea and MRI, and exclusion criteria were those without MRI. A literature search on PubMed on
18 June 2022 was conducted by two authors (YO and NYF). The search formula was as follows: (hyperglycemia [TIAB]
OR hyperglycemic [TIAB] OR glycemia [TIAB] OR diabetic [TIAB] OR diabetes [TIAB]) AND (chorea [TIAB] OR
ballismus [TIAB] OR hemichorea [TIAB] OR hemiballismus [TIAB]). Since the handsearch resulted in many reports
from Japan, a literature search was also conducted using ICHUCHI, a Japanese literature search engine that will be
available until June 18, 2022. Because the above search formula was used, only abstracts written in English were
retrieved.

A total of 392 articles were returned, and the number of cases in the articles was 602. After screening by title and
abstract, we first excluded 46 articles written in languages other than English, 55 articles not about diabetic chorea, and
one article that was an update of a previous article by the same author. Then, we excluded 44 papers that did not describe
the cases in detail, such as reviews and letters to editors. Reviewing all 456 remaining cases, 86 cases without any MRI
and 291 cases without repeat MRI were excluded. Of the 79 cases now left, 9 had no T1-weighted MRI, which is needed

Figure | Magnetic resonance imaging (MRI) on the day of examination (a) and 14 days later (b).
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602 patients (392 articles)
identified through database search

I\, | 46 non-English, 55 non-Diabeticchorea, 1 update of
I previous papers by same author

500 patients

A I 44 review, editor’s letter, or other detailed description of the case

A

| 456 patientsin full text article assessed for eligibility l

—»| 86 patients without MRI performed |

‘ 370 patients with MRI founding |

4~| 291 patients without repeated MRIs l

‘ 79 patients with repeated MRI founding ‘

9 patientswith T1-weighted MRI not described
L | 4 patientswith MRI findings not detailed
2 patientswith no findings on initial and repeat MRI

64 patientsincludedin analysis

Figure 2 Study screening and selection flow chart.

to characterize diabetic chorea; 4 cases had unclear MRIs or findings other than diabetic chorea; and 2 cases had diabetic
chorea but no findings on the initial MRI or the repeat MRI, leaving 64 cases in 56 papers (Table 1).°°° We selected age,
sex, duration of diabetes mellitus, blood glucose level, HbAlc level, side of involuntary movement, time to first MRI,
time to follow-up MRI, plasma osmolality, hyperintense lesion of MRI (T1 weighted image), and course.

Statistical analysis was performed using ANOVA and the y2 test with SPSS28 software, with p < 0.05 being
considered significant.

Results

Of the 64 patients finally analyzed, 20 were male, 43 were female, and 1 was unspecified. The mean age was 69.0
years. First, we divided the 64 patients into 6 groups: (1) 1 case with no initial MRI findings but with retest MRI
findings, (2) 15 cases with initial MRI findings and clearer findings on retest MRI (“clearer” means that the high
intensity of T1-weighted imaging is more distinct), (3) 24 cases with initial MRI findings and weaker findings on retest
MRI, (4) 10 cases with initial MRI findings and unchanged findings on retest MRI, (5) 13 cases with initial MRI
findings and no findings on retest MRI and (6) 1 case with initial MRI findings and weaker findings on the left and
clearer findings on the right on retest MRI. Afterward, the patients were consolidated into three groups: original groups
(1) and (2), 16 patients made up a worsened group; original groups (3) and (5), 37 patients made up an improved
group; and original group (4), 10 patients made up an unchanged group (Table 2). One case with a mismatch finding
(6) was excluded from the analysis.

There were no differences in age or sex among the three groups. The mean age of the patients in the worsened group
was 67 years, and the male-to-female ratio was 4:12. In the improved group, the mean age was 71 years, and the male-to-
female ratio was 11:25; in the unchanged group, the mean age was 64 years, and the male-to-female ratio was 5:5. The
mean blood glucose at onset was 453 mg/dL in the worsened group, 426 mg/dL in the improved group, and 443 mg/dL in
the unchanged group. The mean HbAlc at onset in the worsened group was 14.5%, 12.9% in the improved group, and
12.7% in the unchanged group, all statistically similar (Table 2).
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Table | Basic Information of All Patients

Case | Sex Age Duration | Glucose | HbAIc Plasma Side of Time to First First MRI Lesion Time to F/U MRI Lesion Course Study
No (Year) of (mg/dL) Osmolality | Involuntary MRI (After (TI Follow-Up (T1
Diabetes (mOsm/L) Movement Onset or Hyperintense) MRI Hyperintense)
Mellitus (L,R,Bi) Consultation) (R/L,PC,G,B) (R/L,RC,G,B)

| F 77 0 NA NA NA R 3 months Bi,P Il months Resolution Improved | Nagai et al
(1995)°

2 M 69 Unknown 597 NA NA L 4 days R,C 3 weeks R,RC,G, more Worse Broderick

clear et al (1995)")

3 M 66 2 years 300 NA 310 R 6 days LC 6 months Diminished Improved | Lai et al
(1996)8

4 M 78 3 years 245 NA 296 Bi 7 days Bi,RC,G 6 months Diminished Improved

5 M 67 NA 337 NA 302 R NA LP 6 months Diminished Improved

6 NA 62 NA 688 NA NA L—Bi | month R,PC,G, Cerebral 26 months Diminished Improved Shan et al

peduncle, internal (1998)°
capsule

7 M 64 | year 567 17.3% 301 L Il days R,RC 58 days More clear Worse Iwata et al
(1999)'°

8 M 90 20 years 144 8.3% NA L NA R,B 5 months Diminished Improved Free et al
(1999)"

9 F 22 NA 527 11.1% 299 L 4 days R,RC 4 months More clear Worse Oerlemans
et al (1999)'?

10 M 92 Unknown 320 17.4% NA L 24 days R,PG 71 days Diminished Improved Ohara et al
(2001)"?

11 F 60 Unknown 365 NA NA R NA L,P 6 months Normal Improved Lin et al
(2001)"*

12 F 69 7 years 348 9.5% NA L 4 days R,RC,G 17 days Unchanged Unchanged | Chu et al
(2002)'®

13 F 74 15 years 264 9.7% NA L NA R,P 2 months Diminished Improved | Leeet al
(2002)'¢

14 F 63 10 years 1080 NA 375 Bi NA Bi,P 4 months Diminished Improved | Higa et al
(2004)'7
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15 28 6 years 481 12.2% NA L NA Bi,RC 3 months Unchanged Unchanged | Kang et al
(2005)'®

16 65 3 years 96 10.9% NA R NA LPC 3 months Diminished Improved | Nakano et al
(2005)"?

17 8l 0 505 13.3% 3343 Bi NA Normal 5 months Normal Unchanged | Branca et al
(2005)*°

18 8l Unknown NA NA NA L 4 weeks R,P 6 months Resolution Improved | Pisani et al
(2005)?'

19 72 Unknown 507 NA NA R—Bi NA Bi(R>L),P 6 months Diminished Improved

20 78 8 years 473 18% NA L 12 days Bi,B 25 days More clear Worse Chung et al
(2005)*?

21 85 30 years 324 14.8% NA L—Bi 6 days R,P 1.5 months Diminished Improved | Ohmori et al
(2005)%

22 70 0 560 6.6% 332 L NA R,P 9 months Resolution Improved | Felicio et al
(2008)**

23 78 0 463 10% NA L 3 days R,P | year Resolution Improved | Battisti et al
(2009)*

24 80 0 121 8% NA L 33 days R,RG 4 months Diminished Improved

25 82 0 445 NA NA L 14 days R,G | month R,PG Worse Wang et al
(2009)%¢

26 77 0 459 NA NA R 2 days LP 13 months Resolution Improved

27 37 Unknown NA NA NA R NA L,P 3 months Unchanged Unchanged | Duker et al
2010y

28 63 10 years 1067 14.5 388 Bi | year Bi,G 4 months R more clear, Improved | Higa et al

L diminished (2010)%®

29 98 3 years 589 11.4 314 L NA R,G 3 months Unchanged Improved

30 82 0 220 14.5% 320 Bi NA Bi,RG 2 weeks Resolution Improved | Massaro et al
(2012)%

31 77 NA 632 19% NA L 4 days R,RC 19 days More clear Worse Hashimoto
et al (2012)*°

32 78 NA 455 14.4% NA L 3 days Bi, RC,G 35 days More clear Worse

(Continued)
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Table | (Continued).

Case | Sex Age Duration | Glucose | HbAlc Plasma Side of Time to First First MRI Lesion Time to F/U MRI Lesion Course Study
No (Year) of (mg/dL) Osmolality | Involuntary MRI (After (TI Follow-Up (T1
Diabetes (mOsm/L) Movement Onset or Hyperintense) MRI Hyperintense)
Mellitus (L,R,Bi) Consultation) (R/L,RC,G,B) (R/L,RC,G,B)

33 F 76 0 439.6 17.3% NA R NA LPC,G 2 months More clear Worse Padmanabhan
etal (2013)*"

34 F 78 NA 567 13.90% NA L 5 days R,B 3 months More clear Worse Kaseda et al
(2013)*

35 F 74 20 years 180 10.7% 299 L NA R,P | year Diminished Improved | Guo et al
(2014)*

36 F 82 0 239 9.5% 313 R NA LPC 18 months diminished Improved

37 F 85 Unknown 500 16.2% NA Bi NA Bi,P 4 months Resolution Improved | Lin et al
(2014)3*

38 M 82 NA 374 11.5% NA L NA R,RC I month Diminished Improved | Nagai et al
(2015)*

39 F 14 0 349 NA 313.2 L | month R,RC 4 years Diminished Improved | Aquino et al
(2015)%

40 F 55 Unknown 540 NA NA L NA R,B NA Diminished Improved | Patel et al
(2015)*”

41 M 6l 0 527 10.3% NA L—Bi NA R,P 2 months Unchanged Unchanged | Ray et al
(2015)*

42 F 68 Unknown 500 15.8% NA Bi(L>R) 9 days R,RC,G 13 months Diminished Improved | Teodoro et al
(2015)*

43 M 86 Unknown 306 11.9% 303.3 L NA R,RC 9 months Unchanged Unchanged | Lancellotti

etal (2015)%
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44 57 NA NA 15.9% NA L 2 days R,B | month More clear Worse Sudrez-Vega
etal 2016)*'

45 52 0 356 16.2% 291 L NA R,PC 6 months Resolution Improved | Roy et al
(2016)*

46 71 Unknown 822 16.0% 343 Bi NA Bi,RG | month Resolution Improved Yu et al
(2017)®

47 85 9 years 102 8.1% NA R | month LPG 2 months More clear Worse Kitagawa et al
(017)*
48 58 0 549 16.1% 311 No 7 days LRC 24 days Unchanged Unchanged | Sato et al
involuntary (2017)*
movement
49 46 Il years 536 15.7% 335 L NA R,PRG 16 months Diminished Improved | Son et al
(2017)*

50 57 NA NA 14% NA L I month R,C,B 5 years Resolution Improved | Lucassen et al
(2017)*

51 76 20 years 558.6 10.5% NA R NA Bi,P 5 months Diminished Improved | Fong et al
(2019)*®

52 69 15 years NA NA NA R 40 days LB 3.5 months Diminished Improved | Lin et al
(2019)*

53 83 NA 505 15.7% NA L 7 days Bi,RC 3 weeks Diminished Improved | Marinelli et al
(2019)*°

54 58 >20 years 219 14.5% NA R 2 months LPG 14 days More clear Worse Zheng et al
(2020)°"

55 65 10 years 270 16.8% NA L 3 months R,B 6 months Unchanged Unchanged | Wang et al
(2020)*?

(Continued)
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Table | (Continued).

Case | Sex Age Duration | Glucose | HbAlc Plasma Side of Time to First First MRI Lesion Time to F/U MRI Lesion Course Study
No (Year) of (mg/dL) Osmolality | Involuntary MRI (After (TI Follow-Up (T1
Diabetes (mOsm/L) Movement Onset or Hyperintense) MRI Hyperintense)
Mellitus (L,R,Bi) Consultation) (R/L,RC,G,B) (R/L,RC,G,B)
56 M 6l 15 years 414 NA NA R NA LRC 3 weeks Unchanged Unchanged | Kammeyer
et al (2020)%*
57 M 78 Unknown 167 11.1% NA L NA R,B NA More clear Worse Chakales et al
(2020)**
58 F 70 0 428 15.2% NA L 4 months R,RC 6 months Diminished Improved | Curro et al
(2021)*®
59 F 54 Recent 416 9% NA R—Bi NA L,B 4 months More clear Worse Zhao et al
(2021)%¢
60 F 56 Recent 167 14% NA L NA R,RC 4 months Diminished Improved | Scamarcia
et al (2021)*7
6l F 85 6 weeks 1035 14.60% | 311 (6 weeks NA NA R,P 6 months Normal Improved Kataja Knight
before etal (2021)°®
onset)
62 F 62 3 years 776 15.8% NA L 4 days Normal | month R,PC,G Worse Rupp et al
(2021)*°
63 F 54 Unknown 416 18% NA L I month R,B I month later More clear Worse Nelson et al
during (2021)%°
current
hospitalization
64 F 91 Unknown 460 14% NA L NA R,RG 6 months Resolution Improved | Maia et al
(2021)¢'

Abbreviations

: M, male; F, female; NA, not available; L, left; R, right; Bi, bilateral; P, putamen; C, caudate; G, globus pallidus; B, basal ganglia.
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Table 2 Charceristics of Patients Between Unchanged, Worsened and Improved Groups
Unchanged Worsened Improved Significance
n=10 n=16 n=37
Age (years) 64.4 (21.2) 67.0 (15.9) 71.2 (14.9) 0.425
Sex M5, F5 M4, F 12 M 11, F25 0.392%*
Duration of diabetes mellitus (years) 5.2 (54) 75 (7.2) 6.6 (9.0) 0.852
Glucose 443 (114) 453 (180) 426 (232) 0.904
HbAIlc (%) 12.7 (2.6) 14.5 (3.5) 12.9 3.1) 0.263
Side of involuntary movement (n) Bi2,L5R2 [Bil,LIZR3 |Bi9LI8R?Y 0.490%*
Time to first MRI (days) 33.7 (48.8) 14.1 (16.8) 29.1 (32.7) 0.323
Time to follow-up MRI (months) 33 (2.7) 1.8 (1.2) 9.4 (12.3) 0.023
Note: *Statistical analyses were performed using Chi square test and others were using ANOVA.
Abbreviations: Bi, bilateral; L, left; R, right.
Discussion

In reviewing the 64 patients with original and repeat MR images, there were no significant differences in age, sex, blood
glucose at onset, or HbAlc at onset between the groups with improved, unchanged, or worsened MRI findings. We found
only one case reported in which the patient underwent another MRI after the initial negative MRI finding and the MRI
finding was positive,”” as was the case with our patient. Thus, the case we encountered is the second such case reported.
In that case, the MRI findings were negative 4 days after onset, and the patient underwent another MRI approximately 1
month later, which showed a high signal in the right basal ganglia on T1-weighted imaging. The difference is that in the
current case, the time until the MRI retest was approximately 1 month, and the symptoms of the initial chorea improved
from constant to intermittent, but the symptoms worsened again 1 month later, so another MRI was performed.

The review of case reports revealed that while there are cases in which MRI findings are positive even on the day of
onset of involuntary movements, there are also cases in which later MRI findings are positive after initial MRI findings
are negative, although such reports are rare even with our case added. These results suggest that imaging findings may
not always correlate with the timing of disease, intensity of symptoms, blood glucose level, or HbAlc. In addition, 41 of
the 602 patients with negative initial MRI findings were not followed up with a retest MRI. It could be that some of these
patients would have had positive MRI findings if the MRI had been repeated after a certain time. Therefore, it is possible
that true “MRI-negative” diabetic chorea is less common than reported. When “MRI-negative” cases are difficult to
distinguish from other diseases that cause involuntary movements, MRI may aid in the diagnosis of diabetic chorea if it is
repeated after a certain time.

The pathophysiology of striatal abnormalities in patients with diabetic chorea and the exact mechanism of chorea onset are
not fully understood. Metabolic changes secondary to disruption of the blood—brain barrier may be involved. Hyperglycemia
induces an anaerobic metabolic pathway that uses inhibitory neurotransmitters such as acetylcholinesterase and gamma-
aminobutyric acid (GABA) as alternative energy sources. As a result, GABA is depleted and acetylcholine synthesis is
reduced, leading to dysfunction of the basal ganglia, which is thought to clinically manifest as involuntary movements.®*%

There are several limitations to this study. First, it is a compilation of case reports and not a prospective study, which
may lead to publication bias. Second, some of the case reports did not have all the information we wanted, leading to the
exclusion of many cases. Third, we searched only two databases (PubMed and ICHUCHI). Since multiple search engines
are usually used, the possibility that we missed something cannot be ruled out. Finally, the clinical significance of this
study is limited because the topic of the study is not predictive of outcomes. Because patients with diabetic chorea are

extremely rare, a national registry project would need to be developed to clarify the details.
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Conclusions

This study was a case-reported systematic review of the characteristics of diabetic chorea and the pattern of MRI
findings. We attempted to find associations between these patterns and some demographic and clinical characteristics but
were unable to do so with the information we collected. We also tried to find associations between the characteristics of
imaging findings and the time from the onset of diabetic chorea to MR imaging and the duration of diabetic chorea, but
we were unable to perform a sufficient analysis because few case reports clearly described the time to MR imaging or the
duration of diabetic chorea.
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