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Abstract
Acute onset neurological symptoms evoked by traumatic, surgical, or emotional events in Wilson disease (WD) have never been
reported and its clinical characteristics are unclear.
We aimed to summarize the clinical characteristics of a special WD whose neurological symptoms acutely developed after

traumatic, surgical, or emotional events.
Retrospective pilot study.
Thirty-one patients who had acute onset neurological symptom as an initial presentation of WD or a new presentation of hepatic

WD after mild trauma, surgery, or emotional events were retrospectively studied. All patients were followed for half to 1 year after
regular anti-copper treatment.
The averaged latency for neurological symptom presentation was 2.79±1.21hours. The most frequent neurological symptoms

were tremor (74%) and basal ganglia (BG) lesions were detected on magnetic resonance imaging in all patients. Lesions in other
regions weremuch less frequently detected. Neurological symptom score and its recovery after treatment were correlated with lesion
location: BG area and BG plus other brain areas. Neurological symptoms improved in 21 patients who received timely anti-copper
treatment but continued to deteriorate in 6 patients who did not accept regular anti-copper treatment for delayed diagnosis.
A diagnosis of WD should be considered when adolescents or adults experience acute presentation of extrapyramidal systems

after traumatic, surgical, or emotional stimulation. Timely anti-copper therapy usually gives rise to an excellent prognosis.

Abbreviations: BG = basal ganglia, DMPS = 2,3-dimercapto-1-propane sulfonate, MRI = magnetic resonance imaging, WD =
Wilson disease.
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1. Introduction

Wilson disease (WD) is an autosomal recessive disorder of copper
metabolism resulting in pathological accumulation of copper
predominantly in liver, brain, cornea, kidneys, and in other
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tissues and organs. Toxic copper accumulation in these tissues
and organs contributes to a variety of clinical conditions with
primarily neurological, psychiatric, and hepatic symptoms.[1]

Commonly, the younger the age of symptom onset, the greater is
the degree of liver involvement.[2] Infants with genetically
confirmed WD all presented with hepatic symptoms.[3] Approxi-
mately 40% to 50% of patients with WD present with
neurological symptoms and these patients typically have a later
onset than those with hepatic disease, presenting in the second or
third decade.[4,5] Acute manifestations of liver involvement have
been commonly reported as an initial presentation of WD.[6–10]

And it is not uncommon that acute development of hemolytic
anemia associated with or without acute hepatic failure presents
as an initial symptom of WD.[6,10–14] However, neurological
symptoms usually follow a subacute or chronic course; thus,
acute onset are rare.[4,15] In very rare circumstances, acute onset
neurological symptoms including anarthria, extrapyramidal
syndromes, and seizures may also present as initial manifes-
tations of WD.[16–18] But, it has never been reported in literature
that traumatic, surgical, or emotional events caused an acute
onset of neurological symptoms in patients with no complaint of
pre-existing WD symptoms or in patients with pre-existing
hepatic WD. Herein, we describe for the first time the clinical
characteristics of 31 patients who acutely developed neurological
symptoms after traumatic, surgical, or emotional events as initial
presentation of WD or as new presentation in hepatic WD.
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2. Materials and methods

2.1. Study population

Among 4530 patients with WD hospitalized in our WD center,
we encountered 31 patients who had no complaint of pre-existing
neurological manifestation but complaint of acute development
of neurological symptoms after trauma, surgery, or emotional
stimulation. A complete history was obtained for each patient,
including sex, age, events causing acute neurological symptoms,
and latency of neurological symptom onset after trauma, surgery,
or emotional stimulation. A complete physical and neurological
examination was recorded in all cases. Serum copper and
ceruloplasmin, 24-hour urinary copper excretion, and brain
magnetic resonance imaging (MRI) data were obtained within 3
days after trauma or emotional stimulation in all patients except
for those patients with delayed diagnosis.
Diagnosis of WD was based on our previous standard,[19]

including characteristic clinical manifestations, a positive family
history, low serum ceruloplasmin (<0.2g/L), elevated 24-hour
urinary copper excretion (>100mg/24h), presence of a Kayser-
Fleischer (KF) ring, and elevated 24-hour urinary copper
excretion following administration of 2�500mg doses of
penicillamine (>1600mg/24h) and MRI of brain,[20,21] and
met the WD diagnostic criteria formed at the 8th International
Meeting onWD[22] except liver copper>250mg/g dry weight was
not among our criteria.
2.2. Examination and classification

Neurological symptoms and signs were evaluated based on
neurological examinations and detailed questionnaire including
speech, salivation, dysphagia, writing and gait disturbances, limb
weakness, epileptic seizures, and involuntary movements. Psychi-
atric symptoms were evaluated based onmood disorders, anxiety,
depression, and cognitive impairment assessed with mini-mental
state examination (MMSE) and montreal cognitive assessment
(MoCA). Hepatic symptoms and signs were also evaluated based
on physical examinations and detailed questionnaire including
fatigue, weight loss, jaundice, leg edema, abdominal swelling,
nausea or vomiting, hematemesis, hemorrhages, as well as on
laboratory examinations of aminotransferases, bilirubin, pro-
thrombin time and international normalized ratio, albumen and
liver and spleen assessment of hepatomegaly, nodular liver, liver
cirrhosis, portal hypertension, and splenomegaly confirmed by
ultrasonography or computed tomography scanning.
For classification of WD types, symptoms scoring system was

adopted and mildly modified from Litwin et al’s articles.[23,24]

Briefly, assessment of neurological symptoms were ranged from 0
to 3 representing neurological impairment from completely
normal (0) to severely impaired (3). Assessment of hepatic
symptoms were ranged from 0 to 3 representing completely
normal (0), increased serum level of liver enzymes with no liver
cirrhosis (1), compensated liver cirrhosis (2), decompensated liver
cirrhosis, or acute liver failure (3). Patients with neurological
score ≥1 and hepatic score �1 were classified as neurological
WD, and patients with neurological score ≥1 and hepatic score
≥2 classified as neurological and hepatic WD.
2.3. Follow-up

Outcomes of therapeutic results were also determined based on
the symptoms scoring system half to 1 year after the traumatic,
2

surgical, or emotional events for those patients accepting regular
anti-copper treatment in hospital, and we followed up the
patients who did not accept regular treatment through telephone.
2.4. Statistical analysis

Statistical analyses were performed using a commercial statistical
software package (SPSS for windows, version 13.0). Data were
expressed as mean ± standard deviation. Paired Student t test
was used for comparison between groups of pre- and post-
treatment, and chi square and Fisher tests were used to compare
percentage. Differences were considered significant at P< .05.
The First Affiliated Hospital of Anhui University of Traditional

Chinese Medicine review board approved this study.
3. Results

All 31 patients complained of acute onset of neurological
symptoms after trauma, surgery, or emotional stimulation. The
demographic and clinical features including the types of trauma,
emotional stimulations, and surgeries of 31 patients are listed in
Table 1. For all the patients with trauma, no consciousness loss
was reported and no hemorrhage, infarction, edema, or other
structural alterations noticed onMRI. Among the 31 patients, 20
were men and 11 were women. Acute neurological onset ages
ranged from 9 to 46 years (mean 21.26±5.54 years). Averaged
diagnosing age was 19.29±6.70, ranging from 5 to 48 years.
Averaged latency for acute neurological symptom onset was 2.79
±1.21hours, ranging from 0.5 to 7hours. The number of 0 (19
patients) in column “A-B”means the diagnosis of WD was made
due to the acute neurological symptom onset. A positive number
(6 patients) in column “A-B” means a hepatic or asymptomatic
WD had been diagnosed before the acute neurological symptom
onset. A negative number (6 patients) in column “A-B” means a
diagnosis of WD was delayed. These indicate that 19 patients
who had no pre-existing clinical WD presentation developed
acute neurological symptoms and the diagnosis of WDwas made
shortly after traumatic, surgical, or emotional events, 6 patients
with hepatic or asymptomatic presentations developed acute
neurological symptoms, and 6 patients had delayed diagnosis of
WD though acute neurological presentations were noticed
shortly after traumatic, surgical, or emotional events. There
were 6 patients who had previously hepatic or symptomatic WD
and developed acute neurological presentations after traumatic,
surgical, or emotional events. Patient 7 and 24 had familial
histories of WD with their elder sister and elder brother affected
with symptomatic WD, and they were detected with asymptom-
atic WD for 10 (age at diagnosis, 11 years old) and 9 years (age at
diagnosis, 17 years old) respectively until they were slapped on
face (patient 7) and frightened (patient 24). Patient 2 was
diagnosed as hepatic WD for finding of abnormal hepatic
function while he was 5 years old and penicillamine treatment
gave rise to an asymptomatic status for 23 years. Patient 8 and 28
were found to have albuminuria and were then diagnosed as WD
at age of 7 years for 10 and 8 years, respectively. Lastly, patient
12was diagnosed as hepaticWDdue to findings of splenomegaly,
hypersplenism and liver cirrhosis and the patient accepted
splenectomy at the age of 16 years. All these 6 patients who had
previously hepatic or symptomatic WD accepted regular
penicillamine treatment and came to our center for intensive
treatment with intravenous sodium 2,3-dimercapto-1-propane
sulfonate (DMPS) once a year and the therapeutic course would



Table 1

Demographic and clinical features of 31 patients.

Patient
No. Sex

Age at
acute onset of
neurological
symptoms,

y (A)

Age at
diagnosis

of WD, y (B) A-B
Traumatic or emotional

events
Neurological symptoms

of acute onset
Latency,

h

Brain MRI after acute
onset of neurological

symptoms

Final
diagnosis

(form of WD)

1 M 19 19 0 Fighting with people, occipital
region slapped

Slurred speech and
elevated muscle tension
in 4 limbs

0.5 Bilateral BG and BS N

2 M 28 5 23 Falling off bike Tremor of right limb 0.5 Bilateral BG, BS N
3 M 19 19 0 Falling down, the left shoulder

joint fracture, and left
temporal of the head
impacted

Slurred speech 3 Bilateral BG and CN N

4 M 21 21 0 Falling down Slurred speech 1 Bilateral BG N
5 M 29 31 �2 Right side of the head

impacted
Tremor of both hands 3 Bilateral BG, BS and CeC N and H

6 M 13 13 0 Falling down and the head
impacted

Slurred speech and tremor
of both hands

3.5 Bilateral BG N and H

7 M 21 11 10 Fighting with people and face
slapped

Tremor of both hands 1 Bilateral BG, CeP and FL N and H

8 M 17 7 10 The left ear injured by
firecrackers

Tremor of head and both
hands

4.5 Bilateral BG N

9 F 16 16 0 Falling down from a height Slurred speech and
elevated muscular
tension in right limbs

2 Left BG and bilateral Tha N and H

10 M 18 18 0 Right tibia fracture Slurred speech and tremor
of both hands

1.5 Bilateral BG, BS, CeP and
pontibrachium

N and H

11 M 21 23 �2 Falling down Tremor of both hands 2.5 Bilateral Tha and BS N and H
12 F 22 16 6 Falling down Slurred speech and tremor

of both hands
4 Bilateral BG, Tha, BS and

pontibrachium
N and H

13 M 25 25 0 Falling down Slurred speech and tremor
of both hands

1 Bilateral BG, dorsal Tha
and BS

N

14 M 17 17 0 Spontaneous pneumothorax Tremor of both hands 3.5 Bilateral BG N and H
15 F 21 22 �1 The right hand injured by

firecrackers
Tremor of right upper limb 2 Bilateral BG N and H

16 M 12 13 �1 Fighting with people and the
head hit

Tremor of head, slurred
speech and drooling

3 Bilateral BG, BS,
cerebellum and Tha

N and H

17 F 27 27 0 Falling down Slurred speech and clumsy
movements

3 Bilateral BG and Tha N

18 M 17 17 0 The head was hit by falling
objects

Tremor of both hands and
slurred speech

4 Bilateral BG, FL and
Posterior horn of the
right LV

N and H

19 F 14 14 0 Appendectomy Tremor of both hands 7 Bilateral Tha, BS, external
capsule and FL

N and H

20 F 25 25 0 Abortion curettage surgery Tremor of both hands and
drooling

3 Bilateral BG and BS N and H

21 M 24 24 0 Excision of cyst of knee joint Tremor of both hands,
slurred speech and
drooling

4 Bilateral FL and internal
capsule

N and H

22 M 12 12 0 Cholecystectomy Tremors of both hands 5 Bilateral BG N and H
23 M 46 48 �2 Emotional stimulation due to

quarrelling with people
Slurred speech and tremor

of both hands
0.5 Bilateral BG and BS N

24 M 26 17 9 Being frightened Slurred speech, tremor of
both hands and
unsteady gait

2 Bilateral BG N and H

25 F 35 36 �1 Being frightened Slurred speech and tremor
of both hands

4.5 Bilateral BG, CeP and
dorsal Tha

N and H

26 M 15 15 0 Being frightened Slurred speech and
unsteady gait

5 Bilateral BG and BS N

27 F 21 21 0 Being frightened Slurred speech and tremor
of both hands

3 Bilateral BG N

28 M 15 7 8 Being frightened Slurred speech and
drooling

3 Bilateral BG, BS and left FL N and H

29 F 27 27 0 Emotional stimulation due to
quarrelling with people

Slurred speech, drooling
and tremor of both
hands and head

3 Bilateral BG N and H

30 F 9 9 0 Emotional stimulation due to
quarrelling with people

Slurred speech and tremor
of both hands and head

1 Bilateral BG, Tha and BS N and H

31 F 15 15 0 Emotional stimulation due to
quarrelling with people

Slurred speech and
drooling

2 Bilateral BG N and H

BG=basal ganglia, BS=brainstem, CC= corpus callosum, CeC= cerebral cortex, CeP= cerebral peduncle, CN=caudate nucleus, FL= frontal lobes, LV= lateral ventricle, MRI= magnetic resonance imaging,
N and H=neurological and hepatic, N=neurological, PV=periventricular, Tha= thalamus, WD = Wilson disease.
∗
BG does not include thalamus.

†A-B indicates the number in column A detracted with the number in column B, 0 means the diagnosis of WD was made due to the acute neurological symptom onset. A positive number means a hepatic or
asymptomatic WD had been diagnosed before the neurological symptom onset. A negative number means the diagnosis of WD was delayed after the neurological symptom onset.
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last for 2 weeks. Thus, neurological examination was conducted
once a year with no obvious neurological sign recorded. The
latest neurological examination before events was performed 3 to
10 days before traumatic, surgical, or emotional events during
hospitalization for DMPS treatment and no positive neurological
sign was detected in these 6 patients.
The most frequent neurological symptoms observed were

tremor (23/31, 74%), slurred speech (21/31, 67%), and drooling
(6/31, 19.5%), whereas less frequent were abnormal gait (2/31,
6.5%) and increased muscle tension (2/31, 6.5%). No obvious
psychiatric and behavioral disturbances, such as swings of mood,
outbursts of anger, changes of personality, depression, anxiety,
and memory impairment,[25,26] were reported or observed. And
cognitive function examinations with MMSE and MoCA were
normal in all patients. Except for the 4 patients with pre-existing
diagnosis of hepatic WD, all 27 patients had neither severe
hepatic function impairment nor severe hepatic presentations
such as jaundice, nausea or vomiting, and bloating[27] but
obvious fatigue in 7 patients. Liver functions of alanine
aminotransferase (ALT) (normal ranges, 5–35U/L) and aspartate
aminotransferase (AST) (normal ranges, 8–40 U/L) were normal
in 27 out of the 31 patients. Only 4 patients had mildly elevated
ALT (36, 36, and 49U/L in patient 5, 25, and 28, respectively)
and AST (41, 43, and 45U/L in patient 5, 7, and 28, respectively).
Decreased white blood cell number was found in 12 patients and
Figure 1. Brain magnetic resonance imaging (MRI) in a patient with hepaticWilson d
(A2) weighted imaging, and high signals involving small areas of bilateral thalamus
signals involving small areas of left caudate nucleus and bilateral thalamus on T1-w
thalamus on T2 (B2) and flair (B3) weighted imaging 4.5hours after traumatic ev

4

decreased platelet number in 17 patients. Concerning neurologi-
cal examinations, KF ring was detected in all 31 patients,
pyramidal sign in 5 patients, and cerebellar ataxia in 1 patient,
but muscle weakness or sensation disturbance in no patient.
Except for 6 patients (patient 5, 11, 15, 16, 23, and 25) who did
not accept brain MRI examination shortly after the traumatic,
surgical, or emotional events and had delayed diagnosis of WD,
the rest 25 patients all had brain MRI examination showing
lesions in the brain. Finally, basal ganglia (BG) lesion was
detected in all 31 patients, but lesions in other areas outside of
BG, such as thalamus (8/31, 25.81%), brainstem (14/31,
45.16%), cerebellum (3.23%), and cortical white matter
(12.90%) were less frequently detected on MRI. MRI data
before traumatic, surgical, or emotional events was available only
in 1 patient (patient 8) who was accepting regular treatment in
our center. MRI of this patient showed that the mild trauma
caused an expansion of BG lesion from bilateral thalamus to
bilateral lenticular nucleus (Fig. 1). In order to determine what
might be associated with brain lesions, 31 patients were divided
into group of patients with brain lesions only in BG and group of
patients with brain lesions not only in BG but also in other brain
areas and the neurological symptoms, sex, age, and WD type
were compared between groups (Table 2). The results showed
that the percentage of patients with single symptom was
significantly higher in group of patients with lesions only in
isease (WD) before and after a traumatic event. Normal signal on T1 (A1) and T2
on flair (A3) weighted imaging 1 week before traumatic events. Low intensive
eighted imaging (B1), and high signals involving bilateral caudate nucleus and

ent.



Table 2

Comparison of different parameters between patients with lesion only in basal ganglia lesion and patients with lesion in basal ganglia and
other brain areas.

Variables Patients with lesions in BG n=10 Patients with lesions in BG and other brain areas n=21

Percentage of patients with single symptom 40.40% (n=4) 14.29%
∗
(n=3)

Percentage of male patients 60.00% (n=6) 66.67%
∗∗

(n=14)
Percentage of patients with N-type WD 30.00% (n=3) 38.10%

∗∗
(n=8)

Age 19.00±3.82 21.95±6.13
∗∗

BG=basal ganglia, N-type WD=neurological type Wilson disease.
∗
P< .01,

∗∗
P> .05, compared to that of patients with lesions in BG.
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BG than that in group of patients with lesions not only in BG but
also in other brain areas, indicating that lesion restricted in BG
caused less severe neurological symptoms. And the sex, age, and
WD type were not significantly different between 2 groups,
indicating the brain lesions were not associated with sex, age, and
WD type (Table 2).
Final diagnosis of WD type (neurological or hepatic) was

made at the time the patients came to our department hours to
days after traumatic, surgery, or emotional events for most
patients except for those (patient 5, 11, 15, 16, 23, and 25) who
had delayed WD diagnosis. Diagnosis of neurological WD was
made in 10 patients (patient 1, 2, 3, 4, 8, 13, 17, 23, 26, and 27),
neurological and hepatic WD in the rest 21 patients. Among
these 10 patients, patient 2 was diagnosed as hepatic WD for the
finding of abnormal liver function while he was 5 years old and
penicillamine treatment gave rise to an asymptomatic state for
23 years, and was diagnosed as neurological WD after
traumatic event. Twenty-one out of 25 (84%) patients accepting
regular treatment with penicillamine or in combination with
sodium DMPS, which had been used in our center for
decades,[19] had well improvement in neurological and hepatic
symptoms. Three (patient 9, 19, and 28) out of 24 (12.5%)
patients accepting regular treatment had neither improvement
nor obvious deterioration in neurological or hepatic symptoms.
Among the 25 patients accepting regular anti-copper treatment,
9 were finally diagnosed as neurological WD and the
neurological symptoms improved to a normal level in 8 patients
after regular treatment for half to 1 year. Six patients (patient 5,
11, 15, 16, 23, and 25) including 1 patient (patient 23) with
final diagnosis of neurological WD did not accept regular
treatment due to the delayed diagnosis and the symptoms
deteriorated thereafter. In order to determine whether brain
lesions were associated with treatment responses, 25 patients
accepting regular treatment were divided into group of patients
with brain lesions only in BG and group of patients with brain
lesions not only in BG but also in other brain areas and the
neurological symptom scores were compared between groups
(Table 3). The results showed that the neurological symptom
scores were significantly improved in patients with brain lesions
Table 3

Comparison of treatment responses between patients with lesion only
other brain areas.

Patients with le

Pretreatment symptoms scores 1.3
Post-treatment symptoms scores 0.1
Percentage of patients with no neurological symptoms post-treatment 88.89%

BG=basal ganglia.
∗
P< .01, compared to that of pretreatment;

∗∗
P< .01, compared to that of patients with lesions in BG

5

restricted in BG as well as in patients with brain lesions not only
in BG but also in other brain areas. But the percentage of
patients with neurological symptoms recovered to normal level
after treatment was significantly higher in group of patients with
brain lesions only in BG than that in group of patients with
brain lesions not only in BG but also in other brain areas
(Table 3). This indicated that patients with lesions restricted in
BG area had better prognosis.
4. Discussion

Here we report 31 patients withWDwho developed neurological
symptoms shortly (0.5–7hours) after traumatic, surgical, or
emotional events. The short latency (2.79±1.21hours) for the
neurological symptom onset indicated a causal relationship
between the neurological symptoms and the traumatic, surgical,
or emotional events. The negative results of neurological
examination short time (3–10 days) before the traumatic,
surgical, and emotional events in 6 patients further confirmed
that the newly developed neurological symptoms were initiated
by these events. All the acute symptoms were exclusively those of
neurological but not hepatic or psychiatric involvement though
21 patients were finally diagnosed as hepatic and neurological
WD. Here, the head trauma triggering the onset of neurological
symptoms was all mild as no hemorrhage, infarction, edema, or
other structural alterations was noticed on brain MRI and no
consciousness alteration reported.
In a report of 119 WD cases, the mean age at neurological

symptom onset was 19.6 years old and the age ranged from 7 to
37 years old.[28] In another large cohort report, only 31 out of
1223 (2.5%) WD cases became to present with neurological
symptoms beyond 40 years of age.[29] This is in consistence with
our current report of mean age at acute neurological symptom
onset (20.87±7.50 years old), age ranges (9–46 years old) and
percentage (3.23%) of cases presenting with acute neurological
symptoms, indicating the age at acute neurological presentations
caused by traumatic, surgical, or emotional events is similar to
that following regular clinical course. Among these 31 patients,
21 were diagnosed as hepatic and neurological WD for detection
in basal ganglia lesion and patients with lesion in basal ganglia and

sions in BG n=9 Patients with lesions in BG and other brain areas n=16

3±0.44 1.56±0.49
1±0.44

∗
0.50±0.50

∗

(n=8) 50.00%
∗∗

(n=8)

.
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out hepatic disease and 10 diagnosed as neurological WD. This
suggested that neurological symptom presented as an initial
manifestation of WD in 10 patients. And the finding of
hepatomegaly, nodular liver, liver cirrhosis, or splenomegaly
shortly after traumatic, surgical, or emotional events indicated
that hepaticWD already existed in these 21 patients and the acute
neurological symptoms presented as new manifestations. The
pathological changes on brain MRI and the KF findings shortly
after mild trauma, surgery, or emotional stimulation indicated
that the 31 patients might be either those with asymptomatic or
subclinical WD (10 neurological WD patients) or those with
pathological involvement of brain but neurologically asymptom-
atic before traumatic, surgical, or emotional events.
The symptoms of neurological WD are very variable, and the

frequency of distinct neurological symptoms varies widely in
different case series.[3] But it is suggested that the most frequent 3
distinct neurological symptoms of WD are dystonic, ataxic, and
parkinsonian syndromes.[3] In Machado et al’s[28] report of 119
untreated WD cases, the most frequent neurological manifes-
tations were dysarthria (91%), abnormal gait (75%), risus
sardonicus (72%), dystonia (69%), rigidity (66%), tremor
(60%), and dysphagia (50%), less frequent manifestations were
chorea (16%) and athetosis (14%), and rare neurological
presentations were seizures (4.2%) and pyramidal signs (3%).
In current report, the most frequent neurological symptoms
observed were tremor (74%), slurred speech (67%), and drooling
(19.5%), whereas less frequent were abnormal gait (6.5%) and
increased muscle tension (6.5%). Compared to Machado et al’s
case series, significant more frequent manifestations of tremor
and drooling but less frequent of slurred speech, abnormal gait,
and dystonia were observed in current case series. And there were
nomanifestations of risus sardonicus, rigidity, dysphagia, chorea,
Figure 2. Brain magnetic resonance imaging (MRI) in a patient with Wilson disease
female patient who had been affected with WD with mixed hepatic and neurologica
were slurred speech and drooling, and these symptoms became more severe to
symptoms of slurred speech and drooling 1 hour after falling down with head impa
signals in bilateral Pons (A1), midbrain (A2), putamen (A3, A4), and left frontal lobe
signal in Pons (B1), the areas of high signals in midbrain(B2), putamen (B3, B4), a
trauma, and high signals in bilateral thalamus (B3 and B4) and caudate nucleus

6

athetosis, and seizures in our case series but common in literature
case series.[28] In addition, none of the 31 cases had acute
psychiatric presentations which are common in WD following
regular clinical course.[25,26] Especially, there were much fewer
cases presenting with a combination of >2 types of neurological
symptoms in our case series than that in literature case series.[28]

This indicates that the neurological symptoms in WD of acute
presentation caused by traumatic, surgical, or emotional events are
less severe than that following regular clinical course.
All patients had been detected with lesions in BG on brainMRI

indicating that BG is the area most vulnerable to trauma, surgery,
and emotional stimulation. Earlier literature report also showed
that BG is the most frequent (86%) lesion area on MRI in
untreated patients with WD[30] but less frequent than that
(100%) in current case series. But lesions in other areas outside of
BG, such as brainstem (45.16% vs 82%), cerebellum (3.23% vs
50%), and cortical white matter (12.90% vs 59%) were less
frequently detected on MRI in current case series than those in
corresponding areas in untreated patients with WD from
literature report.[30] This high frequency of BG involvement in
pathology is consistent with their most frequent (74%) clinical
presentation of tremor in current case series, as WD tremor is
associated with BG lesions on MRI.[31] On the contrary, the less
combination with lesions in other brain areas on MRI is in line
with the less severe neurological presentations. This is further
supported by current findings that the percentage of patients with
single symptomwas significantly higher than that of patients with
brain lesions not only in BG but also in other brain areas. In 1
patient (patient 8), the MRI showed that the mild trauma caused
an expansion of BG lesion from bilateral thalamus to bilateral
lenticular nucleus. In another patient (not listed in Table 1) who
had been diagnosed as WD for 2 years, a mild trauma caused a
(WD) before and after a traumatic event. These images were from a 25 years old
l presentations for 2 years. Before trauma (A1-A5), the neurological symptoms
be both hand and head tremors and clumsy movement apart from the initial
cted on ground while walking (B1-B5). Three days before trauma (A1-A5), high
(A5) on flair-weighted MRI. One hour after trauma (B1-B5), apart from the high
nd left frontal lobe (B5) on flair weighted MRI became wider than those before
(B3) were also noticed after traumatic event.
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severe worsening of presentations from mild tremor and slurred
speech to severe tremor, dysarthria, gait disturbance and body
rigidity, and a correspondent expansion of brain MRI lesions
from brainstem and bilateral lenticular nucleus to bilateral
caudate nucleus, thalamus, and frontal lobes (Fig. 2). These may
indicate that a mild trauma can cause BG lesion on MRI. This is
consistent with literature reports showing that BG is most
vulnerable to different insults.[32–35] Concerning treatment, most
(84%) of the patients who accepted regular anti-copper treatment
had well improvement in neurological symptoms and some
became asymptomatic. This perfect prognosis might be associat-
ed with fewer lesions in other areas outside of BG.[36] This is
further supported by current findings that patients with lesions
restricted in BG area had better prognosis than patients with
lesions in wider areas.
The essential pathological mechanism of WD is an excessive

copper deposition and the consequent copper intoxication. It is
quite unclear how mild trauma caused an increased copper
deposition in brain areas especially in BG area as reflected on
MRI in our patients. Because of the vulnerability of BG to
different insults, a copper redistribution to BG might be expected
as a potential mechanism as different stress including mild
trauma and emotional stimuli can cause activation of BG
structure accompanied with inflammatory responses[37–40] and
copper is required to alleviate BG inflammation.[41,42]
4.1. Limitations

Our study is a cross-sectional study generating a proof of concept
that patients with WD with acute onset neurological symptoms
due to mild trauma and emotional stimulation would have
excellent prognosis if they accept regular anti-copper treatment
since there is no matched control group, that is, the patients with
regularly developed WD and the follow-up is relatively short. In
addition, it is not clear whether the patients already had
asymptomatic WD with brain lesion before traumatic and
emotional events and these events facilitated the brain lesion and
provoked the presentation of neurological symptoms, as we have
no MRI data before the events.
5. Conclusions

A diagnosis of WD should be considered when adolescents or
young adults experience acute neurological symptoms, especially
the symptoms of tremor and slurred speech, after mild trauma or
emotional events. Patients with WD should avoid trauma and
severe mood swings. Patients with WD with acute neurological
symptoms after mild trauma, surgery, or emotional events should
accept timely anti-copper therapy to have excellent prognosis.
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