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Introduction

Acquired hepatocerebral degeneration (AHD) is a neurological condition associated with cerebral manganese (Mn) accumulation caused by portosystemic shunts (PSS), usually because of advanced liver disease. AHD is diagnosed by the identification of T1-weighted brain magnetic resonance imaging (MRI) hyperintensities coupled with the presence of PSS and neurological symptoms. Clinical presentations primarily involve motor dysfunction and cognitive impairment. As a result of the frequently concurrent hepatic encephalopathy, the psychiatric symptoms of AHD alone remain unclear. This report is the first documentation of unique psychiatric symptoms of AHD due to a congenital PSS (CPSS) and suggests the efficacy of shunt embolization in achieving sustained remission of psychiatric symptoms in such cases.





Methods

A 57-year-old Japanese woman presented with recurrent severe depression, pain, and somatosensory hallucinations, along with fluctuating motor dysfunction, including parkinsonism, and cognitive impairments. Psychiatric interventions, including antidepressants, antipsychotics or electroconvulsive therapy, had limited efficacy or did not prevent relapse.





Results

T1-weighted MRI showed bilateral hyperintensity in the globus pallidus. No history of Mn exposure or metabolic abnormalities, including copper, was identified. Furthermore, no evidence of liver dysfunction or hyperammonemia was found. Eventually, a gastrorenal shunt was observed on contrast-enhanced abdominal computed tomography. The diagnosis of AHD due to CPSS was made based on the clinical manifestations and abnormal imaging findings. Shunt embolization was performed, which prevented the relapse of psychiatric symptoms and substantially reduced the T1-weighted MRI hyperintensities.





Conclusions

This case highlights the potential involvement of AHD in adult-onset psychiatric symptoms, even in the absence of liver disease. Furthermore, this case underscores the efficacy of shunt embolization in treating the psychiatric symptoms of AHD due to CPSS.





Keywords: acquired hepatocerebral degeneration, shunt embolization, manganese, congenital portosystemic shunt, depression





Introduction

Acquired hepatocerebral degeneration (AHD) is a neurological condition resulting from the accumulation of toxic cerebral metabolites, mainly manganese (Mn), through a portosystemic shunt (PSS) that circumvents hepatic metabolism (1). AHD is diagnosed based on the presence of a PSS, bilateral a hyperintense globus pallidus on T1-weighted brain magnetic resonance imaging (MRI), and neurological symptoms. The diagnosis of typical cases of AHD is not difficult because it occurs concomitantly with advanced liver disease, such as cirrhosis. However, diagnosis becomes challenging when AHD is caused by a PSS without underlying liver disease. One possible cause of such a shunt is a congenital malformation, namely congenital PSSs (CPSS) (2). Prior reports have only focused on hepatic encephalopathy associated with CPSS and have not detailed AHD due to this malformation (3).

The core pathophysiology of AHD has been linked to manganese-related neurotoxicity in the basal ganglia, leading to motor dysfunction, including parkinsonism, and cognitive impairments (4). Mn-related neurotoxicity can cause psychiatric symptoms, classically referred to as “manganese madness,” as observed in occupational manganism resulting from Mn exposure (1). “Manganese madness” is characterized by various psychiatric symptoms, including emotional lability, mood swings, attention deficits, impulsive and compulsive behavior, sleep disturbances, and hallucinations. Mn-related neurotoxicity is mediated through multiple mechanisms, such as inflammation and oxidative stress, leading to the proposed primary pathophysiology: dysfunction of dopaminergic neurons (5). A recent study found that exposure to low Mn doses, even in nonoccupational settings, can cause psychiatric manifestations, particularly depression (6). Despite the considerable potential of Mn-induced neurotoxicity to elicit psychiatric symptoms, few reports have addressed this psychiatric aspect of AHD. This may be partly because psychiatric symptoms of AHD can be conflated with hepatic encephalopathy associated with hyperammonemia (7).

Essential therapeutic strategies for AHD involve mitigating Mn accumulation. Liver transplantation is the most effective treatment for AHD in cases complicated by liver disease (7). Shunt embolization has emerged as a potential strategy for alleviating Mn accumulation by addressing hepatic clearance failure due to PSSs (8), irrespective of the presence or absence of liver disease. To the best of our knowledge, no prior studies have demonstrated the efficacy of shunt embolization in treating unique psychiatric symptoms of AHD.

This is the first report to describe the psychiatric symptoms of a patient with AHD due to CPSS that cannot be explained by the effects of hepatic encephalopathy. It is also the first to demonstrate the efficacy of shunt embolization for various symptoms of AHD, including psychiatric symptoms. The authors conveyed the significance of this study to the patient and her husband through written and verbal communication and secured their written consent.





Case description




Diverse clinical manifestations and high-signal findings in the globus pallidus and cerebral peduncle on T1-weighted MRI

A female patient presented with anxiety and emotional lability, which she had experienced since the age of 40. She had never undergone psychiatric treatment before the age of 50. There was no relevant family history of mental illness. The patient had no psychiatric or medical history, except for appendicitis. At age 50, she reported experiencing pain like “cardboard is stuck in my mouth and it hurts” and somatosensory hallucinations, such as “the floor moving up and down like a wave, causing vertical body shaking.” At age 52, the patient was hospitalized for moderate depression accompanied by severe pain and somatosensory hallucinations. T1-weighted MRI revealed high signal findings in the bilateral globus pallidus and cerebral peduncles (Figures 1A, B). However, the brain MRI findings were not further evaluated and were considered incidental findings, because the patient had no history of Mn exposure, heavy alcohol consumption, or chronic liver disease. The patient was diagnosed with delusional disorder (somatic type) and major depressive disorder, discharged after medication with antipsychotics and antidepressants alleviated her symptoms.




Figure 1 | T1-weighted magnetic resonance images. Sagittal sections showing a high-signal intensity in the globus pallidus (A) and cerebral peduncle (B), indicating Mn accumulation.



At age 53, the patient relapsed into depression and somatosensory hallucinations and began experiencing walking difficulties and forgetfulness. Neurological examination indicated extrapyramidal symptoms such as bradykinesia and postural tremor, in addition to pyramidal tract signs. The patient exhibited mild cognitive impairment, particularly showing limitations in delayed recall and executing tasks based on verbal instructions. Detailed investigations showed no abnormalities in head computed tomography (CT), striatal dopamine transporter-single photon emission CT, or 123I-metaiodobenzylguanidine myocardial scintigraphy. Electroencephalography revealed no discernible frequency abnormalities or epileptiform discharges. No abnormalities were found in the general blood, cerebrospinal fluid, and urine analyses, as well as those of ammonia (24 µmol/L; normal range 9 µg/mL to 47 µg/mL), Mn (2.0 µg/mL; normal range 0.8 µg/mL to 2.5 µg/mL), iron, copper, and pyruvate metabolism-related substances. These findings ruled out Lewy body disease, hepatic encephalopathy, Mn poisoning, Wilson’s disease, pyruvate metabolism disorders, and neurodegeneration with brain iron accumulation. Specifically, Wilson’s disease was comprehensively excluded due to the absence of marked abnormalities in copper metabolism, as indicated by 24-hour urinary copper, serum ceruloplasmin, and blood free copper levels, along with the lack of liver dysfunction and signal heterogeneity on T2-weighted brain MRI.





Frequent relapse of treatment-resistant psychiatric symptoms

At age 54, the patient relapsed again, undergoing pain, somatosensory hallucinations, and severe depression with catatonic features. Because of medication resistance, electroconvulsive therapy (ECT) was administered for a course of approximately 10 sessions, leading to the remission of psychiatric symptoms. ECT also mitigated motor dysfunction, particularly extrapyramidal symptoms. Despite the success of ECT in mitigating psychiatric symptoms, relapses occurred every year. These relapses recurred despite maintenance therapy with antidepressants, mood stabilizers, and antipsychotics, ultimately compelling further ECT. The psychiatric symptoms exhibited atypical characteristics, with hypomanic episodes and impulsive behaviors manifesting during the relapse at age 55. The patient’s psychiatric symptoms were recurrent and resistant to treatment, and concomitant with neurological and cognitive dysfunction. Such characteristics prompted a reassessment of the diagnosis, that considered the potential involvement of organic factors related to the initial MRI findings.





Shunt embolization after AHD diagnosis successfully prevented relapse

Contrast-enhanced abdominal CT revealed a gastrorenal shunt connecting the left gastric vein to the left renal vein shunt that had a diameter of 10 mm (Figure 2A). This PSS was diagnosed as a congenital malformation because no underlying conditions were found that could have caused an acquired PSS, such as liver disease or surgical portacaval shunt. Blood transaminase levels and ammonia consistently remained within normal ranges to the extent measurable, which suggested that her symptoms were not caused by hepatic encephalopathy. During the course of the study, Mn concentrations also remained within normal ranges. At age 57, the patient was diagnosed with AHD based on the presence of CPSS, high signal intensity in the bilateral globus pallidus and cerebral peduncles on T1-weighted brain MRI, and clinical symptoms. Digital subtraction angiography revealed the transit of contrast medium from the left renal vein into the portal vein through the gastrorenal shunt, and the absence of portal vein hypoplasia (Figure 2B). With the patient’s informed consent, shunt embolization was performed, using 12 mm Amplatzer Vascular Plug I (Figure 2C). The shunt embolization procedure proceeded without any notable adverse events. At age 59, follow-up T1-weighted MRI revealed a significant reduction in the hyperintensities in the globus pallidus and cerebral peduncle (Figures 3A, B). At age 60, 3 years after shunt embolization, the patient reported no relapses of motor dysfunction or psychiatric symptoms (Figure 4). Despite the continued limitations in memory function, there was an overall improvement in her cognitive impairments. She expressed relief at being free of her annual depression and satisfaction with her ability to make routine decisions and solve problems without being overly dependent on her husband.




Figure 2 | Abdominal dynamic contrast-enhanced computed tomography images. Horizontal sections showing the late arterial phase. Black arrows indicate the (A) gastrorenal shunt connecting the left gastric vein to the left renal vein. Angiographic image showing enhancement of the portal vein by contrast injection from a catheter placed in the gastrorenal shunt. Black arrows indicate the portosystemic shunt (B) pre-embolization and (C) postembolization.






Figure 3 | T1-weighted magnetic resonance images. Sagittal sections taken 2 years after shunt embolization showing a lower signal intensity in the globus pallidus (A) and cerebral peduncle (B).






Figure 4 | The patient’s disease course and timeline. MRI, Magnetic Resonance Imaging; ECT, Electroconvulsive therapy; AHD, Acquired hepatocerebral degeneration.








Discussion

To the best of our knowledge, this case study is the first to detail the psychiatric symptoms of AHD due to CPSS, without hepatic encephalopathy complications. Furthermore, it documents the efficacy of shunt embolization in sustaining the remission of psychiatric manifestations of AHD due to CPSS. The study also highlights a diagnostic challenge in AHD, particularly in the absence of liver disease, when psychiatric symptoms manifest as the initial clinical presentation.

Psychiatric symptoms associated with PSSs are commonly associated with hepatic encephalopathy but infrequently to AHD. This understanding may stem from the difference between hepatic encephalopathy, which has a high prevalence and distinctive characteristics, such as acute onset altered consciousness and hyperammonemia, and AHD, which has a comparably lower prevalence and manifests with a chronic onset and nonspecific symptoms (7). Moreover, the psychiatric manifestations of AHD may have been previously underestimated because of the co-occurrence of hepatic encephalopathy in the same patient (3). While hepatic encephalopathy and AHD are often discussed as distinct complications of chronic liver disease, some researchers propose that they form part of a single disease continuum, united by a chronic neuroinflammatory process driven by the accumulation of several toxic substances due to hepatic clearance failure (7). This common disease spectrum is also often referred to hepatic encephalopathy, which might have contributed to the less established recognition of psychiatric symptoms associated with AHD. In this study, hepatic encephalopathy is described specifically as a pathological condition characterized by hyperammonemia and acute encephalopathy, primarily involving disturbances in consciousness.

In the present case study, despite the absence of overt disturbances in consciousness, as confirmed by repeated electroencephalography showing normal baseline activity, neurological and psychiatric symptoms persisted. Supported by consistently normal blood ammonia levels, these findings prompted the exclusion of hepatic encephalopathy. A previous case series of AHD with liver disease reported that psychiatric symptoms were observed in 33% of 15 patients with AHD in the absence of hyperammonemia, demonstrating that psychiatric manifestations in AHD are not uncommon (9). Notably, one patient (6.7%) initially manifested psychiatric symptoms solely. These findings confirm that AHD is sometimes difficult to differentiate from psychiatric disorders.

Consistent with observations in the previous case series (9), the present case study reported various psychiatric symptoms, ranging from mild anxiety to catatonia, with major depression emerging as the predominant manifestation. These symptoms are similar to those observed in occupational manganism, which is characterized by the common pathophysiology of Mn neurotoxicity. Despite the absence of elevated blood Mn concentration in the present case, the existing literature indicates that blood Mn concentration is not a reliable indicator of Mn body burden and does not reflect the MRI signal or neurological sequelae of AHD (10). In addition, shunt embolization not only prevented relapse in motor and psychiatric symptoms but also significantly alleviated abnormal brain MRI findings indicative of cerebral Mn accumulation. Therefore, we contend that our case represents a clinical syndrome resulting from Mn-related neurotoxicity. Substantial evidence shows that a pathophysiological mechanism in Mn-induced neurotoxicity is linked to dopamine dysfunction (11), which can induce parkinsonism, psychiatric symptoms, and pain (12, 13).

CPSS, which has an incidence rate of 1 in 30,000, can manifest its initial complications in adulthood, as evidenced by one-third of cases being diagnosed after the age of 12 years, and of some instances reported even beyond the age of 80 years (2). CPSSs are classified according to the presence or absence of an intrahepatic portal vein and the shunt location; type 1 denotes the absence of the intrahepatic portal vein, whereas type 2 indicates its presence (2). The present case was classified as extrahepatic type 2 CPSS. This type of CPSS, where a shunt vessel linking the left gastric vein to the left renal vein converges with the portal vein, is rare. These anatomic features will have restricted the occurrence of complications from CPSS, delaying the diagnosis until middle age. Due to the rare characteristics of this case, the diagnosis of AHD was established 5 years after the identification of distinct MRI features. This case study highlights the importance of considering AHD in adult-onset psychiatric disorders, such as depression, when T1-weighted MRI shows high-signal findings in the globus pallidus, irrespective of the presence of liver disease or elevated blood Mn concentrations.

This case study has several limitations. First, the relationship between the severity of CPSS and the risk of developing complications, particularly the factors causing AHD to manifest after middle age in this case, remains unclear. Second, because of the relatively brief observation period of approximately 3 years after shunt embolization, the assessment of the long-term risk of relapse and impact of shunt embolization on cognitive dysfunction may be premature. Finally, a significant limitation in this case is the inability to rule out the potential involvement of cerebral toxic metabolites, evading hepatic metabolism, other than Mn, in the pathophysiology.

Overall, this case emphasizes the importance of a heightened awareness of AHD due to CPSS in the fields of neurology and psychiatry, especially with hyperintensity in the globus pallidus on T1-weighted MRI. Furthermore, this study has identified the potential of shunt embolization as a highly effective treatment for AHD due to CPSS.
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