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ment/stabilization in 11 patients, 2 improved by trientine 
therapy and 4 continued to deteriorate till 3 months. 30.2% 
patients with WD deteriorated following penicillamine, es-
pecially those with chronic liver disease, leukopenia and 
thrombocytopenia.  © 2013 S. Karger AG, Basel 

 Introduction 

 Wilson disease (WD) is an autosomal recessive disor-
der due to mutation in ATP7B gene localized to chromo-
some 13q14.3  [1] . The worldwide prevalence of WD is 1 
in 30,000 to 1 in 100,000  [2] . The encoding protein by 
ATP7B gene is essential for copper transport and elimi-
nation of excess copper in the body, therefore ATP7B 
gene mutation results in excessive copper accumulation 
in the liver, eye, brain, kidney, heart and other organs. 
Since the discovery of penicillamine in 1954, it is the stan-
dard decoppering therapy used in WD. Penicillamine in-
creases urinary excretion of copper resulting in negative 
copper balance which is the goal of effective therapy of 
WD. Unfortunately, penicillamine has been reported to 
result in deterioration in up to 50% patients with WD and 
half of these patients do not improve to baseline even after 
discontinuation of the drug  [3] . The other agents used in 
the treatment of WD are trientine, ammonium tetrathio-
molybdate and zinc. Penicillamine and trientine both are 
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 Abstract 

  Background:  Penicillamine is a standard therapy for Wilson 
disease (WD) but some patients have paradoxical worsen-
ing. Predictors of such deterioration have not been evalu-
ated. This study documents frequency and predictors of de-
terioration following treatment in WD.  Methods:  59 consec-
utive patients with neurologic WD and 4 asymptomatic 
siblings were prospectively evaluated. Their clinical, labora-
tory, ultrasound abdomen and cranial MRI findings with and 
without worsening were compared. Patients were treated 
with oral penicillamine and/or zinc and followed up at 1, 3 
and 6 months or earlier if needed. Deterioration was defined 
by >10% worsening in baseline Burke-Fahn-Marsden score 
or appearance of new neurological sign.  Results:  Patients’ 
median age was 13 years and 13 were females. 19 patients 
(30.2%) worsened following treatment; 10 within 1 month, 
7 in 1–3 months, and 2 after 3 months of treatment. Deterio-
ration was associated with drooling, leukopenia, thrombo-
cytopenia, splenomegaly and evidence of chronic liver dis-
ease. None of the asymptomatic patients following zinc 
therapy deteriorated.  Conclusions:  In the deteriorating 
group, withdrawal of penicillamine resulted in improve-
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chelating agents and act by binding copper in the body 
resulting in increase in urinary excretion. Ammonium 
tetrathiomolybdate acts by forming a tripartite complex 
with copper and protein either in the intestinal lumen 
preventing copper absorption or in the circulation mak-
ing the copper unavailable for cellular uptake  [4–8] . Zinc 
acts through blocking the carrier in the intestinal epithe-
lial cells which prevents copper transport. The manage-
ment of patients with neurological WD is controversial 
and the choice of treatment depends on physicians’ pref-
erence and availability and affordability of the drug. Pen-
icillamine is the only copper-chelating drug available in 
India. In this communication, we report the response to 
penicillamine treatment in patients with WD and predic-
tors of worsening in them.

  Material and Methods 

 This study was approved by the Institutional Ethics Committee 
of SGPGIMS, Lucknow, India, and all the patients or their first-
degree relatives gave informed consent.

  Consecutive patients with neurological WD and 4 asymptom-
atic siblings with WD attending the neurology service of a tertiary 
care center during 2006–2011 were included. The diagnosis of WD 
was based on clinical symptoms and signs, reduced serum cerulo-
plasmin <20 mg/dl and presence of Kayser-Fleischer ring on 
slitlamp examination. The patients were subjected to a detailed 
clinical examination including pedigree charting. Presence of os-
teoarticular deformity, bone pain, jaundice, hepatosplenomegaly, 
anemia and renal dysfunction were noted. Cognitive functions 
were assessed by Mini Mental State Examination (MMSE). Vari-
ous movement disorders such as dystonia, parkinsonian features, 
chorea, athetosis, myoclonus and tremor were recorded and vid-
eotaped. The severity of dystonia was assessed using Burke-Fahn-
Marsden (BFM)   score  [9] . The severity of other movement disor-
ders was graded on a 0–IV scale  [10, 11] . Muscle power, tone and 
reflexes were noted. Sensation of joint position and pinprick were 
tested. The severity of neurological WD was based on activities of 
daily living (ADL) and sum score of 5 signs which include dysar-
thria, tremor, ataxia, rigidity/bradykinesia, chorea/dystonia on a 
0–3 score for each in which 0 is none and 3 is severe. The severity 
of neurologic WD was graded into grade 0: absent, grade I (mild, 
sum score 1), grade II (moderate, sum score of 2–7 and the patient 
is independent for ADL) and grade III (severe, sum score >7, de-
pendent for ADL)  [12] .

  Investigations 
 Blood counts, hemoglobin, erythrocyte sedimentation rate, co-

agulation profile, fasting and postprandial blood sugar, serum cre-
atinine, bilirubin, transaminase, albumin, calcium, phosphorous, 
alkaline phosphatase, sodium and potassium were done in all the 
patients. Serum copper, ceruloplasmin, and 24 h urinary copper 
were also measured. Cranial MRI was carried out using 1.5-T unit 
from GE Signal Medical Systems, Milwaukee, Wisc., USA. T1, T2 
and FLAIR images were obtained in axial and sagittal sections. The 

abnormal signal changes and their locations were recorded. The 
number of MRI lesions was considered as MRI load of WD in an 
individual patient.

  Treatment and Follow-Up 
 The patients were treated with penicillamine, zinc or both. The 

patients were followed up at 1, 3 and 6 months or at the time of 
worsening. During the follow-up, appearance of new symptoms 
and signs, BFM score, the severity of neurologic disease and blood 
counts were done. Liver and kidney functions were evaluated if 
needed. The patient was considered to worsen if there was at least 
10% deterioration in the baseline BFM score or appearance of new 
neurologic symptoms and signs.

  Statistical Analysis 
 For statistical analysis the patients were grouped into worsen-

ing and no worsening groups (improved and stabilized were 
grouped as no worsening group). The baseline demographic, clin-
ical, laboratory and MRI findings were compared between the two 
groups. The categorical variables were compared using Fisher’s 
exact and the continuous variables by independent t test or Mann-
Whitney U test. The best set of predictors of worsening was de-
rived by multivariate logistic regression analysis using the variable 
having a p value of <0.10 on univariate analysis. The variable was 
considered significant if the two-tailed p value was <0.05. The sta-
tistical analysis was done using SPSS version 16.

  Results 

 There were 63 patients with WD from 56 families; 59 
had neurologic WD and 4 asymptomatic siblings were 
diagnosed during screening of family members. The me-
dian age of onset of disease was 13 (4–41) years and 13 
were females. 27 (42.9%) patients manifested in the first 
decade, 30 (47.6%) in the second decade, and 6 (9.5%) in 
the third decade of their life. The median delay from the 
onset of symptoms to reporting was 18 (1–156) months. 
The first presenting symptoms was neurological in 47 
(74.6%), hepatic dysfunction in 6 (9.5%), psychiatric in 5 
(7.9%), and skeletal in 1 (1.7%) patient; the remaining 4 
(6.3%) were asymptomatic. All the 59 symptomatic pa-
tients had movement disorders. Walking difficulty was 
present in 50, drooling in 45, sleep disturbance in 11, be-
havioral abnormality in 25, and seizures in 10 patients. 
History of jaundice was present in 28, and 26 of them had 
splenomegaly. On examination, bone and joint deformity 
was present in 7 patients and included genu valgum in 4 
and genu varum in 3 patients. MMSE was abnormal in 16 
out of 45 patients in whom it was tested. Cerebellar signs 
were present in 6 and tendon reflexes were exaggerated in 
39 patients. Isolated dystonia was present in 14, tremor in 
2, and dystonia with other movement disorders in 43 pa-
tients (tremor 21, chorea 8, tremor and chorea 5, chorea 
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and myoclonus 5, choreoathetosis 2, and myoclonus 2). 
Oromandibular dystonia was the commonest being pres-
ent in all 57 symptomatic neurologic WD patients. Limbs 
dystonia was present in 51, neck dystonia in 37, and trunk 
dystonia in 33 patients. The baseline severity of WD was 
of grade III in 28, grade II in 26, grade I in 5, and grade 0 
in 4 patients. The BFM score was 42.75 ± 28.93.

  Investigations 
 The median hemoglobin level was 11.9 (9.5–15.6) g/dl 

and 33 (52.4%) patients were anemic. Leukopenia was pres-
ent in 7 (11.1%) and thrombocytopenia in 49 (77.8%) pa-
tients. Reticulocyte count was done in 23 patients and the 
reticulocyte production index was <2.5 in them suggest-
ing bone marrow suppression. Serum creatinine was high 
in 1, bilirubin in 3, SGOT in 38, SGPT in 25, SGOT and/or 
SGPT in 43, and alkaline phosphatase in 57 patients. Serum 
albumin was low in 15 patients and calcium in 13 patients. 
MRI was done in 52 patients and was abnormal in 51.

  Treatment and Follow-Up 
 Twenty-four patients were treated with penicillamine, 

9 with zinc acetate and 30 with both penicillamine and 
zinc acetate. They were also prescribed anticholinergic 
and benzodiazepine for their dystonia. The median fol-
low-up was 8 (3–156) months. 63 patients were followed 
up for 6 months and 19 (30.2%) of them deteriorated. The 
worsening in the clinical picture occurred at different 
time after starting therapy. 10 patients deteriorated with-
in 1 month, 7 within 1–3 months, and 2 after 3 months of 
treatment ( fig. 1 ). At the time of deterioration, the median 
dose of penicillamine was 500 (range 125–1,000) mg and 
zinc was 100 (range 40–150) mg. All the 19 patients dete-
riorated at least by 10% in the baseline BFM score; 7 of 
these patients had grade I deterioration in the severity 
grading and in 2 patients additional neurological signs 
and symptoms appeared. Two of these patients also had 
behavioral deterioration; 1 developed obsessive-compul-
sive behavior and the other developed irritability and ag-
gression. The laboratory worsening however was seen in 
the patients with and without neurological worsening 
(p = 0.37); 7 patients (5 hematological, 4 hepatic and 1 re-
nal) with neurological worsening and 11 patients without 
had laboratory worsening (8 hematological, 7 hepatic).

  Predictors of Worsening 
 On univariate analysis, drooling (p = 0.007), leukope-

nia (p = 0.002), thrombocytopenia (p = 0.03), splenomeg-
aly (p = 0.04) and evidence of chronic liver disease (CLD) 
(p  = 0.04) were significantly related to worsening. The 

other parameters such as age (16.5 ± 8.1 vs. 14.8 ± 6.1 
years, p = 0.37) gender (p = 1.00), presenting symptoms 
(p = 0.31), duration of illness (p = 0.81), MMSE score (p = 
0.98), severity of WD (p = 0.87), BFM score (p = 0.39), 
anemia (p = 0.27), serum albumin (p = 0.98), bilirubin 
(p = 0.65), elevated liver enzymes (p = 1.00) and creati-
nine (p = 0.05) were not related to worsening. The dose 
of penicillamine (434.2 ± 247.8 vs. 485.7 ± 232.4 mg, p = 
0.45), serum copper (p = 0.61) and 24 h urinary copper 
exertion (p = 0.51) were also not related to worsening. 
The location and number of MRI lesions were also not 
related to worsening ( tables 1 ,  2 ). On multivariate regres-

1 month

1–3 months

>3 months

0 2 4 6
Number of patients who worsened

8 10 12

  Fig. 1.  Number of patients who worsened at a different time inter-
val following treatment. 

Table 1.  Demographic and clinical variables of patients with WD 
having worsening after penicillamine compared to those without

Worsening
(n = 19)

No-worsening
(n = 44) 

p 
value

Age, years 16.5±8.1 14.8±6.1 0.37
Females 4 9 1.00
Duration of illness, months 31.5±39.8 34.1±38.5 0.81
Movement disorder 19 40 0.31
Walking difficulty 18 32 0.09
Drooling of saliva 18 27 0.007
Seizure 1 9 0.26
Family history 4 20 0.09
History of jaundice 12 16 0.09
Splenomegaly 12 14 0.03
MMSE score 25.3±4.6 25.3±6.1 0.98
Rigidity 16 29 0.22
Oromandibular dystonia 19 38 0.17
Limbs dystonia 18 33 0.09
Tremor 10 18 0.42
Myoclonus 4 3 0.18
Chorea 9 11 0.14
Athetosis 0 2 1.00
Severity score 11.5±5.8 10.2±7.2 0.47
BFM score 47.5±21.7 40.7±31.5 0.39
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sion analysis, none of the variables were significantly re-
lated to worsening. Urinary copper and serum copper 
were repeated in 20 patients. Serum copper in the patients 
with worsening and non-worsening group (80.7 ± 8.5 vs. 
76.7 ± 16.7 μg/dl, p = 0.61) was not significantly different. 
24 h urinary excretion of copper was insignificantly re-
duced in the patients who deteriorated compared to those 
who did not (168.4 ± 82.2 vs. 278.9 ± 398.2 μg, p = 0.51).

  Outcome 
 Patients were followed up for a median of 8 (3–156) 

months. 44 patients did not worsen on treatment, of 
whom 16 were improved (grade I in 15, grade II in 1) and 
28 remained in the same condition; they continued the 
same treatment. In the patients who deteriorated, penicil-
lamine was withdrawn and zinc was continued in a me-
dian dose of 100 (range 100–150) mg daily. Trientine was 
prescribed in 2 patients and both improved; 1 had com-

plete recovery from grade III at 6 months and the other 
improved by grade I. In the remaining 17 patients, 5 im-
proved on zinc, 6 stabilized on zinc, and 4 kept on dete-
riorating till 3 months of withdrawal of penicillamine; 2 
patients were lost to follow-up.

  Discussion 

 In the present study, 30.2% patients with WD wors-
ened following treatment, especially those having evi-
dence of CLD, leukopenia and thrombocytopenia. The 
deterioration in these patients was likely due to penicil-
lamine, especially in those 13 patients who stabilized or 
improved after stopping penicillamine in spite of contin-
ued zinc therapy. 4 asymptomatic patients who were only 
on zinc therapy did not have worsening. In a retrospective 
review of 27 patients with neurologic WD, 13 had shown 
initial deterioration usually within 2–6 weeks of penicil-
lamine therapy. 6 of these 13 patients who deteriorated 
never improved to baseline even after discontinuation of 
penicillamine  [3] . In another study, initial neurological 
deterioration was observed in as high as 75% of patients 
following penicillamine whereas none deteriorated fol-
lowing zinc  [13] . Many other studies, however, did not 
report deterioration following penicillamine  [14–19] . In 
a systematic review of penicillamine and zinc therapy in 
WD, overall unfavorable outcome was reported in 14.6% 
patients; 9.6% deteriorated, 3.5% died and 1.5% remained 
unchanged. Following zinc therapy, unfavorable out-
come was observed in 5.4% patients only, 1.5% deterio-
rated, 1.2% died, and 1.2% remained unchanged. None of 
the asymptomatic patients deteriorated following peni-
cillamine or zinc therapy  [20] . All 4 asymptomatic pa-
tients in our study also did not have deterioration after 
zinc therapy. One third of our patients deteriorated and 
50% of them deteriorated within 1 month of treatment. 
Only 2 patients deteriorated after 3 months of penicilla-
mine therapy. Our results are somewhat similar to those 
of Brewer et al.  [3]  and Medici et al.  [13]  though the fre-
quency of deterioration was lower than their studies. Our 
results are based on a large sample size, relatively homog-
enous sample (all neurological WD except 4) and we have 
used a quantitative neurological score (BFM) for defining 
worsening.

  Chelating agents decrease free copper concentration 
rapidly by enhancing excretion of copper through kid-
ney. On the other hand, zinc reduces intestinal absorp-
tion of copper which results in a mild negative copper 
balance. For excretion of mobilized copper by chelating 

Table 2.  Laboratory and MRI findings in patients with WD having 
worsening after penicillamine compared to those without

Worsening
(n = 19)

No-worsening
(n = 44) 

p 
value

Hemoglobin, g/dl 11.6±1.2 12.0±1.2 0.21
Leukocytes/mm3 5,157±2,194 6,615±2,587 0.036
Leukopenia 6 1 0.002
Platelets/mm3 98.20±44.8 140.9±79.7 0.032
S. creatinine, mg/dl 0.80±0.18 0.94±0.28 0.05
S. protein, g/dl 6.9±0.97 7.1±0.75 0.49
S. albumin, g/dl 3.76±0.67 3.75±0.58 0.98
S. bilirubin, mg/dl 0.73±0.34 0.69±0.34 0.65
↑ Liver enzymes 13 30 1.00
S. calcium, mg/dl 9.18±1.08 9.15±1.08 0.91
S. ALP, U/l 382.2±197.5 355.8±191.3 0.63
Penicillamine, mg/day 434.2±247.8 485.7±232.4 0.45
Zinc, mg/dl 125.0±100.7 123.9±83.85 0.97
Urine copper, μg/day 168.4±82.2 278.95±398.2 0.51
Serum copper, μg/dl 80.7±8.49 76.68±16.7 0.61
CLD on USA 12 14 0.03
Abnormal MRI 16 35 0.78

Thalamic 12 17 0.08
Putamen 15 30 0.42
Caudate 10 24 0.76
Globus pallidus 10 19 0.56
Brainstem 8 21 0.76
Cerebellar 0 2 1.00
SCWM 3 10 0.73
Cortical 3 7 1.00

Number of MRI lesion 7.4±3.0 7.2±2.8 0.98

 ALP  = Alkaline phosphatase; CLD  = chronic liver disease; 
SCWM = subcortical white matter; USA = ultrasound abdomen.
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agents normal renal functions are essential. In our study, 
an insignificantly higher serum copper and lower 24 h 
urinary copper suggest poorer urinary excretion which 
may be due to subtle renal dysfunction. After chelating 
therapy an increase in serum copper in these patients 
may result in systemic and neurological toxicity and 
might explain the frequent deterioration following peni-
cillamine therapy. Detailed renal function tests and cop-
per levels before and after the chelating agent may throw 
some light in this direction, however we have not studied 
detailed renal function tests such as glomerular filtration 
rate and tubular function tests. Conversely  D -penicilla-
mine and trientine are used to chelate copper in the WD 
patients with fulminant liver failure, hemolytic anemia, 
or both  [21, 22] . None of the studies in the available lit-
erature have evaluated the predictors of deterioration 
following treatment. Association of leukopenia, throm-
bocytopenia, and CLD suggest widespread copper toxic-
ity. Leukopenia, thrombocytopenia and anemia in WD 
may be due to hypersplenism or bone marrow suppres-
sion. In our study, the spleen was enlarged in 57.9% in 
the deterioration group and 34% in the non-deteriora-
tion group. The number of CLDs was high in the dete-
rioration group (57.9 vs. 34.0%) compared to no deterio-
ration. Evidence of hemolysis (raised LDH and bilirubin) 
was present in 1 patient only, pancytopenia in 9.5% and 
LDH was raised up to two times in 43.5% patients (10/23). 
Reticulocyte production index was <2.5 in all 23 anemic 
patients in whom it was measured suggesting bone mar-
row suppression. Bone marrow suppression in WD may 
be due to copper deposition or a side effect of penicilla-
mine. We have used baseline data for predicting the 
worsening, therefore penicillamine induced bone mar-
row is unlikely.

  Two thirds of our patients who deteriorated improved 
or stabilized after discontinuation of penicillamine. Zinc 
was continued in these patients. Two of our patients im-

proved on trientine which is also a chelating agent and is 
officially approved by the FDA as an alternative to peni-
cillamine in patients intolerant to penicillamine. The ex-
act mechanism of improvement in these 2 patients on tri-
entine, which is also a chelating agent, is not well under-
stood. In a randomized double-blind study, trientine was 
compared with ammonium tetrathiomolybdate in pa-
tients with neurological WD. It was found that tetrathio-
molybdate was superior to trientine. In this study, 6 out 
of 23 (26%) patients on trientine deteriorated  [23, 24] . 
The patients who deteriorated on penicillamine are a 
great challenge and the safety and efficacy of alternative 
drugs including trientine needs to be explored. Currently 
our patients are maintained on zinc because of non-avail-
ability and non-affordability of alternative therapeutic 
agents.

  It can be concluded that one third of neurological WD 
patients worsen on penicillamine therapy, especially if 
they have chronic liver disease, leukopenia or thrombo-
cytopenia. In view of non-availability and high cost of 
trientine in India as well as improvement in 70% neuro-
logic WD following penicillamine, we feel that WD pa-
tients may be started with low-dose penicillamine which 
should be escalated slowly with close monitoring till an 
alternative safe drug is available.

  Acknowledgements 

 The authors thank Mr. Rakesh Kumar Nigam and Deepak Ku-
mar Anand for secretarial help and the Sanjay Gandhi Post Grad-
uate Institute of Medical Sciences, Lucknow, India, for funding 
this project (PGI/DIR/RC/462/2005).

  Disclosure Statement 

 The authors have no conflicts of interest to disclose. 

 References 

  1 Bull PC, Thomas GR, Rommens JM, Forbes JR, 
Cox DW: The Wilson disease gene is a putative 
copper transporting P-type ATPase similar to 
the Menkes gene. Nat Genet 1993;   5:   327–337. 

  2 Scheinberg IH, Sternlieb I: Wilson’s disease; 
in Smith LH Jr (ed): Major Problems in Inter-
nal Medicine. XXIII. Philadelphia, Saunders, 
1984, vol 23, pp 126–155. 

  3 Brewer GJ, Terry CA, Aisen AM, Hill GM: 
Worsening of neurologic syndrome in patients 
with Wilson’s disease with initial penicilla-
mine therapy. Arch Neurol 1987;   44:   490–493. 

  4 Walshe JM: Penicillamine, a new oral therapy 
for Wilson’s disease. Am J Med 1956;   21:   487–
495. 

  5 Walshe JM: Treatment of Wilson’s disease 
with trientine (triethylene tetramine) dihy-
drochloride. Lancet 1982;   1:   643–647. 

  6 Mills CF, El-Gallad TT, Bremner I: Effects of 
molybdate, sulfide, and tetrathiomolybdate 
on copper metabolism in rats. J Inorg Bio-
chem 1981;   14:   189–207. 

  7 Brewer GJ, Dick RD, Yuzbasiyan-Gurkin V, 
Tankanow R, Young AB, Kluin KJ: Initial ther-

apy of patients with Wilson’s disease with tet-
rathiomolybdate. Arch Neurol 1991;   48:   42–47. 

  8 Jones HB, Gooneratne SR, Howel JM: X-ray 
microanalysis of liver and kidney in copper-
loaded sheep with and without thiomolybdate 
administration. Res Vet Sci 1984;   37:   273. 

  9 Krystkowiak P, du Montcel ST, Vercueil L, 
Houeto JL, Lagrange C, Cornu P, Blond S, 
Benabid AL, Pollak P, Vidailhet M, SPIDY 
Group: Reliability of the Burke-Fahn-Mars-
den scale in a multicenter trial for dystonia. 
Mov Disord 2007;   22:   685–689. 

D
ow

nl
oa

de
d 

by
: 

S
ta

nf
or

d 
U

ni
v.

 M
ed

. C
en

te
r 

   
   

   
   

   
   

   
   

   
 

17
1.

66
.1

6.
11

7 
- 

1/
16

/2
01

4 
2:

32
:5

4 
P

M

http://dx.doi.org/10.1159%2F000355276


 Worsening of Wilson Disease following 
Penicillamine Therapy 

 Eur Neurol  2014;71:126–131
DOI: 10.1159/000355276

131

 10 Fahn S: Assessment of primary dystonia; in 
Munset TL (ed): Quantification of Neurolog-
ic Deficit. Boston, Butterworth, 1989, pp 241–
270. 

 11 Misra UK, Kalita J: Spectrum of movement 
disorders in encephalitis. J Neurol 2010;   257:  
 2052–2058. 

 12 Grimm G, Prayer L, Oder W, Ferenci P, et al: 
Comparison of functional and structural 
brain disturbances in Wilson’s disease. Neu-
rology 1991;   41:   272–276. 

 13 Medici V, Trevisan CP, D’Inca R, Barollo M, 
Zancan L, Fagiuoli S, et al: Diagnosis and 
management of Wilson’s disease: results of a 
single center experience. J Clin Gastroenterol 
2006;   40:   936–941. 

 14 Lange J: Long-term treatment of Wilson’s 
disease with  D -penicillamine. Report on 20 
cases. Dtsch Med Wochenschr 1967;   92:  
 1657–1662. 

 15 Goldstein NP, Tauxe WN, McCall JT, et al: 
Wilson’s disease (hepatolenticular degenera-
tion). Treatment with penicillamine and 
changes in hepatic trapping of radioactive 
copper. Arch Neurol 1971;   24:   391–400. 

 16 Berry WR, Aronson AE, Darley FL, et al: Ef-
fects of penicillamine therapy and low-copper 
diet on dysarthria in Wilson’s disease (hepa-
tolenticular degeneration). Mayo Clin Proc 
1974;   49:   405–408. 

 17 Arima M, Takeshita K, Yoshino K, et al: Prog-
nosis of Wilson’s disease in childhood. Eur J 
Pediatr 1977;   126:   147–154. 

 18 Czlonkowska A, Gajda J, Rodo M: Effects of 
long-term treatment in Wilson’s disease with 
 D -penicillamine and zinc sulphate. J Neurol 
1996;   243:   269–273. 

 19 Giacchino R, Marazzi MG, Barabino A, Fasce 
L, Ciravegna B, Famularo L, et al: Syndromic 
variability of Wilson’s disease in children. 
Clinical study of 44 cases. Ital J Gastroenterol 
Hepatol 1997;   29:   155–161. 

 20 Wiggelinkhuizen M, Tilanus ME, Bollen CW, 
Houwen RH: Systematic review: clinical effi-
cacy of chelator agents and zinc in the initial 
treatment of Wilson disease. Aliment Phar-
macol Ther 2009;   29:   947–958. 

 21 Durand F, Bernuau J, Giostra E, Mentha G, 
Shouval D, Degott C, et al: Wilson’s disease 
with severe hepatic insufficiency: beneficial 
effects of early administration of  D -penicilla-
mine. Gut 2001;   48:   849–852. 

 22 Santos Silva EE, Sarles J, Buts JP, Sokal EM: 
Successful medical treatment of severely de-
compensated Wilson disease. J Pediatr 1996;  
 128:   285–287. 

 23 Brewer GJ, Askari F, Lorincz MT, Carlson M, 
Schilsky M, Kluin KJ, et al: Treatment of Wil-
son disease with ammonium tetrathiomolyb-
date: IV. Comparison of tetrathiomolybdate 
and trientine in a double-blind study of treat-
ment of the neurologic presentation of Wil-
son disease. Arch Neurol 2006;   63:   521–527. 

 24 Brewer GJ, Dick RD, Johnson VD, Brunberg 
JA, Kluin KJ, Fink JK: The treatment of Wil-
son’s disease with zinc. XV. Long-term follow-
up studies. J Lab Clin Med 1998;   132:   264–278.   

D
ow

nl
oa

de
d 

by
: 

S
ta

nf
or

d 
U

ni
v.

 M
ed

. C
en

te
r 

   
   

   
   

   
   

   
   

   
 

17
1.

66
.1

6.
11

7 
- 

1/
16

/2
01

4 
2:

32
:5

4 
P

M

http://dx.doi.org/10.1159%2F000355276

	CitRef_1: 
	CitRef_3: 
	CitRef_4: 
	CitRef_5: 
	CitRef_6: 
	CitRef_7: 
	CitRef_8: 
	CitRef_9: 
	CitRef_12: 
	CitRef_13: 
	CitRef_14: 
	CitRef_15: 
	CitRef_16: 
	CitRef_17: 
	CitRef_18: 
	CitRef_19: 
	CitRef_20: 
	CitRef_11: 
	CitRef_21: 
	CitRef_22: 
	CitRef_23: 
	CitRef_24: 


