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Abstract
[bookmark: _Hlk525745455]BACKGROUND 
Wilson disease (WD) is a rare copper metabolism disorder with symptoms including hepatic disorders, neuropsychiatric abnormalities, Kayser-Fleischer rings, and hemolysis in association with acute liver failure (ALF). Osteoarthritis is a rare manifestation of WD. We experienced a case of WD with arthritic pain in the knee and liver cirrhosis. Here, we report the clinical course in a WD patient with arthritic pain and liver cirrhosis receiving combination therapy with Zn and a chelator and discuss the cause of arthritic pain. 

CASE SUMMARY
We present an 11-year-old boy who developed osteoarthritis symptoms and ALF, with a New Wilson Index Score (NWIS) of 12. He was diagnosed with WD with decreased serum ceruloplasmin and copper levels, increased urinary copper excretion, and ATP7B gene mutations detected on gene analysis. There was improvement in the liver cirrhosis, leading to almost normal liver function and liver imaging, one year after receiving combination therapy with Zn and a chelator. Moreover, his arthritic pain transiently deteriorated but eventually improved with a decrease in the blood alkaline phosphatase levels following treatment. 

CONCLUSION 
Patients with WD who develop ALF with an NWIS > 11 may survive after treatment with Zn and chelators, without liver transplantation, when they present with mild hyperbilirubinemia and stage ≤ II hepatic encephalopathy. Osteoarthritis symptoms may improve with long-term Zn and chelator therapy without correlation of liver function in WD.
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Core tip: We present an 11-year-old boy with Wilson disease (WD) who developed osteoarthritis symptoms and acute liver failure, with a New Wilson Index Score (NWIS) of 12. His liver cirrhosis improved, leading to almost normal liver function and liver imaging results, one year after receiving combination therapy with Zn and a chelator. Patients with WD with a NWIS > 11 may be able to survive with treatment with Zn and chelators, without liver transplantation, in cases wherein they present with mild hyperbilirubinemia and stage ≤ II hepatic encephalopathy. Symptoms of associated osteoarthritis may also improve with long-term Zn and chelator therapy.
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INTRODUCTION
Wilson disease (WD) is a rare copper metabolism disorder caused by a mutation in the ATP7B gene, with a prevalence of 1 in 30000 to 1 in 100000 individuals. The clinical manifestations are secondary to accumulation of copper in various organs, with typical symptoms of hepatic disorders, neuropsychiatric abnormalities, Kayser-Fleischer (K-F) rings, and hemolysis in association with acute liver failure (ALF). WD may rarely present with extrahepatic conditions, such as skeletal abnormalities, including premature osteoporosis and arthritis[1], cardiomyopathy, pancreatitis, hypoparathyroidism, and infertility or repeated miscarriages. 
Most symptoms in WD first appear in the second and third decades of life; thus, the diagnosis is sometimes difficult and delayed. Most WD patients with hepatic encephalopathy and ALF would have already developed decompensated liver cirrhosis. Therefore, the disease is usually severe and may often be fatal without liver transplantation (LT).
The New Wilson Index Score (NWIS) is an important indication criterion for LT in cases of severe ALF in WD[2]. Although Dhawan et al[2] reported that patients with WD who present with ALF with an NWIS > 11 cannot survive without undergoing LT, we have previously demonstrated that even a WD patient with NWIS >11 could recover from ALF with treatment consisting of Zn, chelator and plasma exchange (PE)[3]. Here, we report a new case of WD with arthritic pain in the knee and liver cirrhosis. The patient developed ALF with NWIS >11 and stage I hepatic encephalopathy but survived with Zn and chelator treatment, without the need for continuous hemodiafiltration (CHDF) or PE. His arthritic pain was also alleviated with improved liver function; however, his knee pain deteriorated with increased blood alkaline phosphatase (ALP) levels, and he could not walk by himself. 
 
CASE PRESENTATION
Chief Complaints 
A 11-year-old boy complained of pain in both knees and sought an orthopedic consultation. The orthopedic surgeon did not detect any problem in his knees. He consulted his general physician for persistent pain in both knees. The physician noticed his pale complexion and edema of both the eyelids and lower limbs, and based on abdominal ultrasonography, diagnosed him with liver cirrhosis; he was subsequently referred to our institution. 

History of present illness
The patient had experienced knee pain for 2 mo. 

History of past illness 
His neonatal history was unremarkable. He was born at 38 wk and 4 d of gestation with a birthweight of 2.66 kg and had no postnatal medical problems. He had been diagnosed with genu valgum several years prior. 

Physical examination
The patient showed jaundice and splenohepatomegaly with tenderness in both hypochondrial regions. His vital signs were normal.

Laboratory examinations 
Laboratory data and abdominal computed tomography (CT) revealed liver cirrhosis (Child-Pugh grade C) with ascites and liver atrophy. Multiple high-density mottled nodular shadows scattered in the liver were observed (Figure 1).

Imaging examinations
The diagnosis of WD was suspected due to his presentation with severe ALF (Table 1), and he immediately received treatment with Zn (3 mg/kg/d), concentrated human anti-thrombin III, and fresh-frozen plasma (FFP). His consciousness and physical lethargy gradually improved. The diagnosis of WD was confirmed based on low copper (27 mg/dL) and serum ceruloplasmin (7.0 mg/dL) levels, elevated urinary copper excretion (720 µg/d), and the presence of Coombs-negative hemolytic anemia [hemoglobin (Hb) level, 9.5 g/dL] without definite K-F rings. Moreover, gene analysis revealed compound heterozygous mutations (p.Arg778Leu/c.2333G>T and p.Asn958ThrfsX9/c.2871delC). The Leipzig’s score[4] for WD diagnosis was 9.
He received combination therapy with Zn and trientine following the diagnosis of WD, and his physical condition gradually improved. However, he complained of pain in both knees and had difficulty walking by himself. Magnetic resonance imaging (MRI) of the knee did not show significant abnormal findings (Figure 2).

Follow-up and outcomes
The patient was discharged after prolonged hospitalization for 70 d because of the time required for the recovery of the coagulation parameters [prothrombin time (PT): 24%, prothrombin time-international normalized ratio (PT-INR): 2.5]. A liver CT scan performed 2 mo after hospitalization revealed fewer hyperdense mottled nodular shadows compared to those observed in the CT scans recorded at the time of hospitalization. Following his discharge, the coagulation parameters and liver CT findings became almost normal by one year after the initiation of therapy. 
Although his knee pain was alleviated and blood ALP levels were decreased at the time of discharge, his knee pain persisted for some months after discharge and markedly improved with a further decrease in blood ALP levels (Figure 3), and he could walk by himself with little pain and could continue his schooling following treatment with Zn (1 mg/kg/d) and trientine (10 mg/kg/d). The coagulation parameters and liver CT findings also became almost normal by one year after the start of therapy.

DISCUSSION
Our patient with WD and severe ALF presented initially with arthritic pain in both knees. Here we report that a patient with ALF with WD could recover normal liver function by one year after initiation of combination therapy with Zn and trientine (Table 1). The mutations of p.Arg778Leu/c.2333G>T and p.Asn958ThrfsX9/c.2871delC present in this patient have been commonly detected in Japanese patients with WD[5]. Previously, WD patients presenting with ALF with an NWIS >11 were considered to require LT for successful treatment[2]. However, in recent years, certain institutions have reported that some WD patients developing severe ALF with an NWIS > 11, even when presenting with stage II hepatic encephalopathy, can be rescued following conservative therapy with Zn, chelators, CHDF and/or plasma exchange without LT[3,6-8]. We administered Zn to our patient immediately on suspecting WD based on his abdominal CT findings. Moreover, we monitored his clinical course, administering FFP and transfusing glucose and electrolytes without CHDF, as he had developed ALF with mild hyperbilirubinemia and significant coagulopathy without definite encephalopathy. CHDF was not performed because there was mild improvement in his physical condition without any deterioration of liver function and consciousness in the first 3 d following treatment with Zn and the aforementioned conservative therapies. A combination of Zn and trientine therapy was initiated after confirming the diagnosis of WD. 
Santos et al[9] reported that even patients with decompensated WD could recover in one year following either chelator treatment alone or combination therapy with Zn and chelators, even though they qualified as candidates for LT. In our patient, the combination therapy of Zn and trientine for 14 months contributed to the recovery of the liver function and liver CT findings to almost normal levels. Therefore, teenagers with WD and decompensated liver cirrhosis are likely to recover normal liver functions following treatment with combination therapy involving Zn and trientine. 
Devarbhavi et al[7] reported that children aged less than 18 years with WD who developed ALF leading to impaired consciousness were evaluated for LT, and that children with WD with hepatic encephalopathy and a Devarbhavi’s score ≥10.4 could not be rescued without LT. Devarbhavi’s score in our case was 8.1. The children with WD discussed in Devarbhavi et al[7] report had only stage I or II hepatic encephalopathy. Therefore, we considered that patients with decompensated WD, with mildly impaired consciousness, mildly elevated blood total bilirubin (T-Bil) levels, and an NWIS > 11, could be rescued without receiving LT.
Although MRI of the knee did not reveal significant abnormal findings, osteoarthritis has been reported as a rare complication of WD, and Golding et al[1] reported on the clinical and radiological features of arthropathy of WD. Nazer et al[10] reported some evidence of bony abnormality ranging from mild demineralization to chondromalacia and osteoarthritis. The cause of these bone abnormalities is not known and is not likely to be related to copper toxicity alone, because copper loading in experimental animals does not lead to bone abnormalities. Moreover, patients with severe hepatic WD who were diagnosed and treated in our hospital did not present with knee pain[3]. The knee pain in the present case deteriorated after the patient’s liver function improved. 
[bookmark: _Hlk527582573]Moreover, Golding et al[1] suggested that these bone changes in patients with WD resulted from the loss of calcium and phosphorus in the urine; therefore, the bone changes could be related to chelator therapy, also because of unusual bone mineral metabolism in the resorption and remodeling of the new bone during chelator therapy[1]. Our patient presented with knee pain before receiving treatment, and the knee pain deteriorated following trientine treatment; the pain improved after he had received trientine treatment for one year. The patient had genu valgum, which might have been a complication of longstanding WD. The blood ALP levels significantly increased on trientine treatment. The blood ALP levels correlated with the knee pain, and when the increased ALP level deceased to less than 2500 (IU/L) on Day 287, the patient experienced a definite improvement in knee pain and could walk by himself. It is not the increased blood ALP levels per se, but a ratio of ALP to T-Bil < 2.0 that is referred to in the diagnosis of severe WD. However, in cases of severe WD with bone symptoms, these referral values may not be relevant. 

CONCLUSION
even patients with WD who develop ALF with an NWIS >11 may be able to survive without LT if they present with mild hyperbilirubinemia and stage ≤ II hepatic encephalopathy. Moreover, the arthritic pain is not associated with the severity of WD. The pain temporarily deteriorates, but eventually improves following Zn and chelator therapy because bone mineral metabolism itself leads to a stable state. 
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Figure 1 Hepatic computed tomography image obtained while receiving Zn and trientine treatment. The mottled nodular shadows with a high density in the liver improved over time. However, splenomegaly did not improve. A: On admission; B: 1 mo after treatment; C: 2 mo after treatment; D: 4 mo after treatment; E: 14 mo after treatment.
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Figure 2 Magnetic resonance imaging scan of the knee during the hospitalization. T2-weighted image. A: Mildly increased signal intensity in the medial meniscus of right knee; B: No abnormal signal intensity. 
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Figure 3 Blood alkaline phosphatase and bone type alkaline phosphatase levels while receiving Zn and trientine treatment. The blood alkaline phosphatase (ALP) and bone type ALP levels increased with deterioration in knee pain owing to trientine treatment. However, the blood ALP and bone type ALP levels gradually decreased with improvement in the clinical status of Wilson disease, and pain was attenuated in both knees. Zn and trientine (15 mg/kg/d) were administered on Day 5, and trientine was increased to 30 mg/kg/d on Day 8 and 40 mg/kg/d on Day 40. Trientine was then decreased to 30 mg/kg/d on Day 70 (  ), 20 mg/kg/d on D 152 (  ), and 10 mg/kg/d on Day 288 (  ).


Table 1 Clinical data during hospitalization and follow-up
	
	Day 0
	Day 1
	Day 3
	Day 5
	Day 7
	Day 14
	Day 21
	Day 31
	Day 42
	Day 61
	Day 98
	Day 118
	Day 180
	Day 287
	Day 371
	Day 441

	WBC (×103/μL)
	9.6
	7.5
	6.6
	4.7
	5
	3.5
	3.9
	4.1
	4.1
	5.6
	5.9
	3.9
	5.3
	4.9
	5.8
	5.7

	Hb (g/dL)
	9.5
	9.8
	10.7
	10.9
	10.8
	10.7
	9.6
	9.3
	8.9
	8.3
	8.9
	8.9
	9.4
	9.8
	10.5
	11.6

	Plt (103/μL)
	126
	144
	145
	130
	124
	43
	46
	51
	58
	69
	91
	80
	132
	187
	166
	160

	PT (%)
	18
	18
	23
	24
	22
	21
	19
	20
	22
	24
	31
	31
	43
	57
	60
	79

	PT-INR
	3.1
	3
	2.5
	2.3
	2.7
	2.6
	2.8
	2.7
	2.6
	2.5
	2.1
	2.1
	1.7
	1.4
	1.3
	1.1

	APTT (%)
	27
	26
	30
	29
	24
	28
	22
	23
	22
	24
	35
	38
	50
	66
	78
	78

	ATIII (%)
	NA
	20
	22
	45
	46
	51
	53
	33
	25
	26
	35
	32
	64
	90
	115
	136

	Factor V(%)
	NA
	NA
	NA
	NA
	13
	16
	15
	19
	15
	25
	33
	27
	46
	81
	84
	80

	BUN (mg/dL)
	9.9
	7
	8.3
	7.1
	7.7
	9.8
	8.4
	9.8
	9.2
	8.6
	8
	8.1
	8.7
	10.7
	8.5
	9.6

	Cr (mg/dL)
	0.49
	0.5
	0.52
	0.47
	0.48
	0.44
	0.43
	0.38
	0.34
	0.35
	0.29
	0.32
	0.33
	0.29
	0.31
	0.36

	AST (IU/L)
	156
	79
	53
	48
	47
	76
	51
	60
	55
	55
	69
	75
	64
	43
	38
	31

	ALT (IU/L)
	67
	26
	30
	29
	33
	69
	49
	50
	42
	39
	54
	68
	53
	46
	45
	39

	LDH (IU/L)
	450
	386
	290
	272
	258
	247
	222
	219
	217
	218
	256
	286
	263
	196
	179
	188

	T-Bil (mg/dL)
	4.9
	2.6
	2
	1.7
	1.4
	1.8
	2
	2.4
	3.2
	2.9
	1.3
	1.1
	0.5
	0.4
	0.4
	0.3

	D-Bil (mg/dL)
	1.5
	0.8
	0.5
	0.4
	0.2
	0.3
	0.4
	0.6
	0.9
	0.8
	0.2
	0.1
	0.1
	0.1
	0.1
	0.1

	TP (g/dL)
	4.8
	5.8
	6.2
	6.3
	6.1
	6.4
	6.4
	6.7
	7
	6.9
	6.5
	6.1
	6.8
	7.6
	7.3
	7.6

	ALB (g/dL)
	1.4
	1.6
	2.4
	2.5
	2.4
	2.7
	2.9
	3.1
	3.1
	3.2
	2.8
	2.6
	3.3
	4.3
	4.3
	4.7

	1PELD score
	26
	22
	14
	12
	14
	14
	15
	15
	16
	14
	8
	8
	2
	-4
	-5
	-9

	NWIS
	12
	9
	7
	5
	7
	6
	6
	6
	6
	6
	5
	5
	4
	2
	2
	0

	The Devarbhavi’s score
	8.11
	5.65
	2.14
	1.82
	1.50
	1.93
	2.14
	2.57
	3.42
	3.10
	1.39
	1.18
	0.54
	0.43
	0.43
	0.32

	Hepatic
encephalopathy
	I
	I
	0
	0
	0

	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0


1PELD score: All the scores were described in the PELD score, though the patient’s age was 12 years at Day 287; Day 371; and Day 441. WBC: White blood cell count; Hb: Hemoglobin; Plt: Platelets; PT: Prothrombin time; PT-INR: Prothrombin time international normalized ratio; APTT: Activated partial thromboplastin time; AT III: Antithrombin III; BUN: Blood urea nitrogen; Cre: Creatinine; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; LDH: Lactate dehydrogenase; T-Bil: Total bilirubin; D-Bil: Direct bilirubin; TP: Total protein; Alb: Albumin; NA: Not available.
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