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Pantothenate kinase-associated neurodegeneration (PKAN) is a rare autosomal 
recessive hereditary neurodegenerative disorder, usually caused by mutations 
in the pantothenate kinase 2 (PANK2) gene. We report a young female patient 
with atypical PKAN, harboring a novel heterozygous PANK2 mutation, diagnosed 
through clinical imaging and genetic analysis. The patient presented with dystonia 
and motor dysfunction after onset, but early brain MRI showed normal findings. 
Due to progressive symptom deterioration, her MRI was reevaluated and the 
characteristic “eye of the tiger” sign was identified. Further genetic testing revealed 
that she was a carrier of two heterozygous PANK2 mutations, one being a known 
pathogenic variant and the other unknown. Given the patient’s clinical presentation, 
progressive symptoms, and poor response to medication, we boldly attempted 
asymmetric bilateral deep brain stimulation (abDBS). Postoperative outcomes 
showed significant symptom improvement. This study suggests that early brain 
MRI in PKAN patients may not exhibit typical radiological features, leading to 
potential diagnostic omissions. Furthermore, it highlights the potential therapeutic 
effect of abDBS in atypical PKAN, particularly in patients with novel heterozygous 
PANK2 mutations. Asymmetric bilateral deep brain stimulation may represent a 
promising treatment approach.
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Introduction

Pantothenate kinase-associated neurodegeneration (PKAN) is a 
rare autosomal recessive inherited neurodegenerative disease 
characterized by dystonia, extrapyramidal symptoms, and cognitive 
impairment (Hayflick et al., 2003). This disease was first described in 
1922 by two German physicians, Hallervorden and Spatz, hence its 
alternative name, Hallervorden–Spatz disease (HSD) (Hogarth et al., 
2017). PKAN is the most common form of neurodegeneration with 
brain iron accumulation (NBIA), with an estimated incidence of 1–3 
per million, accounting for approximately half of NBIA cases (Hogarth 
et al., 2017). The disease results from mutations in the pantothenate 
kinase 2 (PANK2) gene. Based on age of onset and disease progression, 
PKAN can be  classified into two subtypes: classic and atypical 
(Hayflick et al., 2003). Classic PKAN typically begins at an early age, 
progresses rapidly, has a poor prognosis, and often leads to early 
death. In contrast, atypical PKAN presents later in life, progresses 
more slowly, and has a relatively better prognosis. The diagnosis of 
PKAN is typically based on clinical symptoms, imaging, and genetics. 
This report presents a rare case of atypical PKAN with a novel 
heterozygous PANK2 mutation, demonstrating significant 
improvement in severe dystonia and motor dysfunction following 
asymmetric bilateral deep brain stimulation therapy.

Case presentation

A 26-year-old young Asian woman presented to our institution in 
late November 2023 with a history of walking difficulties for over 
5 years. She had undergone an artificial abortion in 2015 with no other 
underlying conditions but had a history of vaping for over 6 years. 
Since the onset of her illness, the patient experienced a weight loss of 
approximately 20 kg, chronic psychological depression, frequent 
crying, and mental lethargy. She had been on a long-term liquid diet, 
with minimal food intake in the week before admission. Additionally, 
she suffered from poor sleep quality daily, although her bowel 
movements remained normal.

In early July 2018, the patient experienced a sudden backward tilt 
of the lower back while bathing. By early September, a stroke-like gait 
was observed, with the patient’s entire body leaning rightward and 
backward. The patient could maintain balance while walking and did 
not experience symptoms such as falling. Later that month, 
involuntary tremors developed in the right upper limb during both 
movement and rest. The patient sought medical attention at a local 
healthcare institution and underwent a cranial MRI scan, which 
showed no significant abnormalities. Subsequently, symptomatic 
treatment with medications such as flupentixol, benztropine, and 
levodopa was initiated, but the symptoms did not significantly 
improve. By mid-April 2021, the patient’s physical symptoms had 
progressively worsened, with frequent episodes of tilting the head 
back while sitting by the bed, occasionally accompanied by 
convulsions. During episodes of increased convulsions, EEG 
recordings did not reveal any abnormal, excessive, or synchronized 
neuronal activity, and the patient remained conscious, excluding 
typical epileptic seizures. Conversely, the patient’s serum CK levels 
were elevated, and electromyographic recordings showed repeated 
involuntary muscle contractions, further suggesting that muscle 
spasms might be the primary cause of the convulsions. Due to the 

outbreak of the COVID-19 pandemic, the patient has been resting at 
home ever since. In early October 2022, the patient experienced 
muscle stiffness in the lower back and upper body, with certain 
muscles appearing tense. Lying flat caused extreme tension in the 
lower back muscles, resulting in an arched posture. Additionally, there 
was mild difficulty in chewing. By early June 2023, the patient began 
experiencing difficulty opening the mouth and tight closure of the jaw, 
without drooling. Swallowing difficulties, accompanied by coughing, 
necessitated a liquid diet. Moreover, when tilting the neck to the right, 
the frequency and severity of convulsions increased, accompanied by 
transient chest tightness and shortness of breath. The patient 
subsequently sought treatment again at a local medical institution, and 
his condition did not improve significantly. In late November, for 
further diagnosis and treatment, the patient came to our hospital. The 
patient presented with facial muscle tension and inability to eat due to 
tight closure of the jaw. On the day of admission, the patient received 
botulinum toxin injections into the facial muscles. The patient’s 
symptoms were continuously evaluated within 3 weeks after the 
injections, but unfortunately, no significant improvement was 
observed. Physical examination upon admission revealed difficulty 
eating, slow movements, clear consciousness, and dysarthria. The 
pupils were equal in size and round, the corneal K-F rings were 
negative, eye movements were normal, and light reflexes were 
sensitive. There was no nystagmus in both eyes. The nasolabial folds 
were symmetrical, and tongue protrusion was centered. Muscle tone 
in the neck and all limbs was elevated, with higher muscle tone on the 
left side compared to the right side. Muscle strength in all limbs was 
normal. Deep tendon reflexes were hyperactive (++), and muscle tone 
was elevated in the lower back, causing an arched posture. The left 
finger-to-nose test was unsteady with intention tremor. Pathological 
reflexes were not elicited, and there were no signs of meningeal 
irritation. Sensory examination was normal. The Unified Dystonia 
Rating Scale (UDRS) score was 38. Laboratory examination revealed 
that all blood biochemical indicators were within the normal range. 
Follow-up MRI of the head revealed symmetric short T2 signals in the 
bilateral globus pallidus, with long T2 signals within, presenting the 
typical “eye of the tiger” sign (Figure 1A), suggestive of pantothenate 
kinase-associated neurodegeneration (PKAN). According to the 
guidelines of the American College of Medical Genetics and Genomics 
(ACMG), genetic testing revealed two heterozygous mutations in the 
PANK2 gene: a pathogenic mutation c.1355A>G (p.D452G) and a 
novel mutation c.1369G>C (p.D457H). The Sanger sequencing image 
of the tested loci is shown in Figure 2A. Family verification results 
indicated that the patient’s father carried the same heterozygous 
mutation at the c.1369G>C locus, while the patient’s mother carried 
the same heterozygous mutation at the c.1355A>G locus. However, 
the patient’s brother did not carry these mutations (Figure 2B). Based 
on the patient’s medical history, imaging findings, and genetic testing 
results, the final diagnosis was pantothenate kinase-associated 
neurodegeneration (PKAN), classified as non-classical type. 
Considering the patient’s severe dystonia, motor dysfunction, and lack 
of response to medication, asymmetric bilateral deep brain stimulation 
surgery was performed under general anesthesia in early December 
2023, with the patient’s and family’s consent (Figure 1B). At the same 
time, the patient and his family were clearly informed before the 
patient was treated with abDBS that the use of the treatment in this 
case was off-label, and the possible risks and expected benefits were 
explained in detail.
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The neurostimulator was activated on the day of surgery. 
Parameters were set to optimize control of dystonia and motor 
dysfunction without side effects. Based on the patient’s feedback, deep 
brain stimulation (DBS) was activated using standard settings: right 
globus pallidus internus (R-GPi)—frequency 130 Hz, pulse width 
90 ms, voltage 2.5 V; left subthalamic nucleus (L-STN)—frequency 
130 Hz, pulse width 60 ms, voltage 2.5 V. After 1 week of DBS 
treatment, the patient was able to open their mouth to eat, and the 
muscle tone in the neck and limbs significantly decreased, allowing 
them to stand upright (Figure 3). Additionally, there was a noticeable 
improvement in mental symptoms and sleep quality. The UDRS score 
at discharge was 17, indicating a 55.3% improvement. The patient is 
currently under continuous follow-up.

Discussion

Pantothenate kinase-associated neurodegeneration (PKAN) is a 
neurodegenerative disease characterized by iron deposition in the 
basal ganglia and is a subtype of neurodegeneration with brain iron 
accumulation (NBIA). This autosomal recessive genetic disorder is 
caused by mutations in the PANK2 gene located on chromosome 
20p12.3–13 (Hayflick et al., 2003). Mutations in the PANK2 gene can 

lead to functional defects or loss of pantothenate kinase 2, thereby 
affecting coenzyme A synthesis. Coenzyme A deficiency leads to 
metabolic disturbances within the mitochondria, including impaired 
fatty acid oxidation and iron deposition. These metabolic disturbances 
can impair neurons, especially those in the basal ganglia, leading to the 
clinical symptoms of PKAN (Yang et  al., 2022). The clinical 
manifestations of this disease are primarily characterized by 
extrapyramidal symptoms, exhibiting significant clinical and genetic 
heterogeneity (Razmeh et al., 2018). Early-onset classic PKAN typically 
begins in childhood or adolescence, with symptoms worsening over 
time. This type typically occurs before the age of 10, with approximately 
90% of cases occurring between the ages of 3 and 6 (Hogarth et al., 
2017). The initial symptoms primarily include gait disorders and 
postural abnormalities, characterized by progressive dystonia and 
dysarthria. Patients may also experience cholecystitis, epilepsy, 
psychiatric symptoms, retinitis pigmentosa (RP) and optic atrophy 
(Hogarth et al., 2017). Late-onset non-classic PKAN patients typically 
develop after age 10, with an average onset around 13 to 14 years, 
although it can also occur in adulthood (Hayflick, 2006). The main 
manifestations include dystonia, gait disorders, and unsteady walking. 
Generally, the later the onset age, the longer the survival period 
(Hogarth et al., 2017; Hayflick, 2006). Additionally, PKAN exhibits 
racial variability in clinical manifestations. Lee et  al. found that 

FIGURE 1

(A) Axial brain MRI of the patient. MRI T2WI showed the “tiger eye” sign. (B) CT showed the implantation site of the permanent DBS electrode 
(Medtronic, United States).
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cognitive dysfunction was less common in Asian PKAN patients, who 
predominantly exhibited dystonia, motor dysfunction, and dysarthria 
(Lee et al., 2013). Conversely, Caucasian PKAN patients exhibited a 
more complex clinical presentation, including various psychiatric 
symptoms, pyramidal tract signs, and parkinsonian features (Lee et al., 
2013). The current case involves adult-onset PKAN characterized by 
dystonia, motor dysfunction, postural abnormalities, and hyperreflexia, 
aligning with the clinical features of late-onset non-classic Asian 
PKAN. It also presents clinical characteristics typical of classic PKAN 
patients, including psychiatric symptoms and sleep disturbances.

Currently, there are no unified diagnostic criteria for PKAN. The 
diagnosis of this disease generally relies not only on clinical presentation 
but also on specific auxiliary examinations. Magnetic resonance 
imaging (MRI) can reveal iron deposition changes in the basal ganglia. 
In T2-weighted imaging (T2WI), the bilateral globus pallidus exhibits 
peripheral hypointensity and central punctate hyperintensity, 
resembling a tiger’s eye, known as the characteristic “eye of the tiger” 
sign. The presence of this sign is one of the main diagnostic criteria for 
PKAN. However, not all PKAN patients exhibit this sign, and slightly 
more than half of the patients can be diagnosed based on the initial MRI 
findings (Hogarth et al., 2017). Chonillo et al. (2023) observed that the 
early brain MRI of PKAN patients appears normal, and it is only upon 
reevaluation of the MRI after symptom deterioration that the subtle “eye 
of the tiger” sign is identified. This observation is similar to the case of 
the present case, and it is noteworthy that the patient in this study 
exhibited a highly typical “eye of the tiger” sign in the reassessed 

MRI. This highlights the possibility of normal early brain MRI in 
PKAN, emphasizing the ease of overlooking early-stage PKAN 
diagnosis. Therefore, repetitive MRI evaluations are crucial for accurate 
diagnosis. The diagnosis of PKAN is typically suspected based on 
characteristic symptoms and confirmed through identification of 
specific mutations in the PANK2 gene. Molecular genetic testing is the 
most reliable method for confirming the diagnosis of PKAN (Hayflick 
et al., 2003). Relevant studies have indicated that PANK2 gene mutations 
are present in both typical PKAN patients and one-third of atypical 
patients (Hayflick et al., 2003). Currently, over 100 different PANK2 
gene mutations have been identified in reported PKAN patients, with 
missense mutations being the most common. The c.1561G>A mutation 
is the most frequently observed missense mutation (Kurian and 
Hayflick, 2013). In this study, the patient was found to have compound 
heterozygous mutations in the PANK2 gene, both of which are missense 
mutations. One mutation, c.1355A>G (p.D452G), was inherited from 
her mother, while the other, c.1369G>C (p.D457H), was inherited from 
her father. According to the guidelines of the American College of 
Medical Genetics and Genomics (ACMG) and the gnomAD database, 
the c.1355A>G mutation is classified as pathogenic with a low 
population carrier frequency. The c.1369G>C mutation has not been 
previously reported and is considered a novel mutation, with its 
pathogenicity yet to be determined. If both mutations are pathogenic, 
they could theoretically cause the disease, consistent with the autosomal 
recessive inheritance pattern of PKAN. As for other ancillary tests, such 
as blood tests and electrophysiological assessments, they lack specificity.

FIGURE 2

(A) According to the guidelines of the American College of Medical Genetics and Genomics (ACMG), genetic testing revealed two heterozygous 
mutations in the PANK2 gene: a pathogenic mutation c.1355A>G (p.D452G) and a novel mutation c.1369G>C (p.D457H). (B) Family with compound 
heterozygous PANK2 gene mutations. Proband PKAN is indicated with an arrow. Square symbol  =  male; circle  =  female; filled symbol  =  affected.
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Despite significant advances in the genetic and imaging 
diagnostics for PKAN, no effective preventive or curative measures 
exist. The primary focus of treatment is the management of individual 
symptoms. For focal or segmental dystonia, local botulinum toxin type 
A injections can be administered (Hefter et al., 2019). For unilateral 
or generalized dystonia, oral medications such as benzhexol, baclofen, 
and levodopa/carbidopa combination can be prescribed (Alvarez-
Cordoba et al., 2019). These medications can be used individually or 
in combination. Although these medications offer mild to moderate 
symptom relief, their therapeutic effects are limited. For drug-resistant 
PKAN, surgical interventions may need to be considered. Surgical 
approaches include ablative pallidotomy, thalamotomy, and deep brain 
stimulation (DBS), with DBS now being the preferred method due to 
its rapid onset of benefits (Timmermann et al., 2010). Currently, it is 
widely accepted that the globus pallidus internus (Gpi) target yields 
better therapeutic outcomes for dystonia, while the subthalamic 
nucleus (STN) target is more effective for limb tremor and motor 
dysfunction. Numerous studies have demonstrated the efficacy and 
safety of Gpi-DBS for PKAN treatment (Hogarth et al., 2017; Svetel 
et al., 2019; De Vloo et al., 2019; Lim et al., 2012). While most research 
has focused on pediatric, adolescent patients, and typical cases, some 
studies have also shown the utility and effectiveness of GPi-DBS in 
adults and atypical cases. Additionally, STN-DBS has shown 
improvement in both motor dysfunction and dystonia symptoms 
among patients (Liu et al., 2017; Ge et al., 2011). A clinical randomized 
controlled trial from Denmark indicated that after 6 months of 
bilateral implantation of electrodes in the STN and the GPi in patients 

with dystonia, the efficacy and safety of STN-DBS were comparable to 
those of GPi-DBS (Schjerling et al., 2013). Although both STN-DBS 
and GPi-DBS are viable treatment options for PKAN-related 
movement disorders, the choice should be  made based on the 
individual patient’s specific symptoms, disease progression, and 
overall health condition. Considering the unique clinical presentation 
of the patient in this study, which does not fully meet the typical 
criteria for PKAN, along with her relatively advanced age and the 
presence of numerous non-motor symptoms, a tailored approach to 
selecting DBS targets was necessary. Given the asymmetry of the 
patient’s symptoms, bilateral GPi or bilateral STN might not provide 
optimal symptom relief. Clinical evaluation revealed significant limb 
rigidity, with the left side more affected than the right, and marked 
hypertrophy of the left sternocleidomastoid muscle due to prolonged 
dystonia. Clinical evaluation revealed significant limb rigidity, with the 
left side more affected than the right, and marked hypertrophy of the 
left sternocleidomastoid muscle due to prolonged dystonia. Therefore, 
we boldly attempted an asymmetric DBS approach: targeting the GPi 
on the right to address severe left-sided rigidity and targeting the STN 
on the left to improve overall motor function and tremor. This strategy 
aims to provide a more personalized and effective treatment for the 
patient’s complex and asymmetrical symptoms. Fortunately, following 
the asymmetric bilateral deep brain stimulation (abDBS) implantation 
surgery, the patient’s symptoms improved significantly. After 1 week of 
adjustment therapy, the patient was able to open their mouth to eat, 
and muscle tone in the neck and limbs was markedly reduced, 
allowing the patient to stand upright. We also considered the short-
term improvement effects of the lesion effect during the early stages of 
DBS treatment. However, our detailed clinical evaluation revealed that 
the patient’s symptom improvement was not only significant after 
1 week but also persisted during subsequent follow-ups. The sustained 
symptom improvement following the optimization of DBS parameters 
further indicates that the improvement was not due to the lesion effect. 
Moreover, we observed that the brain tissue activity near the DBS 
electrodes gradually stabilized, further supporting this conclusion. In 
addition to the improvement in muscle tone, the patient’s psychiatric 
symptoms and sleep quality also showed significant enhancement. 
This suggests that abDBS could be a promising treatment option for 
atypical PKAN patients with novel heterozygous PANK2 mutations. 
In addition to pharmacological treatment and surgical interventions, 
lifestyle modifications and dietary adjustments may also aid in 
managing PKAN. Studies have demonstrated that a ketogenic diet 
induced disease phenotypes in PKAN mouse models, but these effects 
could be  reversed by pantethine treatment, highlighting the 
importance of a non-ketogenic diet in PKAN management (Álvarez-
Córdoba et al., 2022). Furthermore, pluripotent stem cells derived 
from PKAN patients have shown significant response to in vitro 
coenzyme A therapy, indicating a potential future treatment approach 
(Orellana et al., 2016). Overall, due to the complexity and rarity of 
PKAN, both diagnosis and treatment present significant challenges, 
necessitating the collaborative efforts of neurologists, geneticists, 
physical therapists, and other multidisciplinary professionals.

Conclusion

In conclusion, this study indicates that early brain MRI in PKAN 
patients may not exhibit typical imaging features, making diagnosis 

FIGURE 3

(A) Preoperatively, the patient exhibited high muscle tone in the neck 
and limbs, an abnormal standing posture, and the left 
sternocleidomastoid muscle was highly developed due to prolonged 
abnormal contraction. (B) Postoperatively, the patient showed a 
significant reduction in muscle tone in the neck and limbs, allowing 
for a normal upright standing posture.

https://doi.org/10.3389/fnhum.2024.1448606
https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org


Hong et al. 10.3389/fnhum.2024.1448606

Frontiers in Human Neuroscience 06 frontiersin.org

easily overlooked. Additionally, this study demonstrates the potential 
efficacy of asymmetric bilateral deep brain stimulation (abDBS) in 
treating atypical PKAN, particularly in patients with novel 
heterozygous PANK2 mutations. This treatment may represent a 
promising therapeutic option for these patients.
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