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Juvenile parkinsonism is a disease which is rarely seen in pediatric patients. In addition, drug-induced Parkinson’s syndrome is generally rare in children; however, it represents one of the most severe iatrogenic movement disorders in adults. The authors present one case of genetically confirmed juvenile parkinsonism and two cases of chronic Parkinson’s syndrome induced by psychiatric medication. The aim is to underline the differences between the clinical presentation, laboratory results, and the evolution under treatment. In addition, by reviewing literature data we analyzed the most significant information to describe the differences between these two conditions. Parkinsonian syndromes in pediatric patients and juvenile parkinsonism are difficult to diagnose based solely on clinical presentation because the manifestations are non-specific. Genetic testing and exclusion of other causes is essential for the final diagnosis. Adolescents who are diagnosed with drug-induced parkinsonian syndromes should undergo neurological evaluation, due to the fact that there is a risk of developing idiopathic Parkinson’s disease later during adulthood.
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1 INTRODUCTION
Juvenile parkinsonism (JP) refers to patients whose symptoms begin to manifest before the age of 20 (Li et al., 2020; Niemann and Jankovic, 2019; Magistrelli et al., 2022; Riboldi et al., 2022). The average age on onset in JP is 10 years old, with a slightly higher prevalence in males compared to females (Morales-Briceño et al., 2020). Genetic testing have identified numerous mutations in relation to JP, such as mutations in the SNCA gene (located on chromosome 4q22.1) and GCH1 gene (located on chromosome 14q22.2) with autosomal dominant (AD) inheritance, PRKN (PARK2) gene (located on chromosome 6q26), TH gene (located on chromosome 11p15.5) and DJ1 gene (located on chromosome 1p36.32) with autosomal recessive (AR) inheritance, PINK1 gene (located on chromosome 1p36.12) with either AD or AR inheritance (Morris and Lim, 2004).
Clinical manifestations typically include asymmetrical resting tremor, rigidity, dystonia, and gait disturbances. Depending on the genetic mutation, patients may also present with pyramidal signs, neuropathy, epileptic seizures, as well as intellectual disability (Morales-Briceño et al., 2020).
Drug-induced parkinsonian syndromes (DIP) represent the most common type of secondary parkinsonism and have initially been described as a complication of antipsychotic medication (Feldman et al., 2022). Subsequently, they have been reported as adverse effects of antiemetic drugs, anticholinergic medications, antidepressants, antiarrhythmic drugs, antivertigo products, and calcium channel antagonists (Kikegawa et al., 2024). Literature data support the fact that the onset of extrapyramidal signs during treatment with one of the abovementioned medications is one diagnostic criterion for DIP (Conn and Jankovic, 2024). In such cases, the symptoms should disappear within 6 months since discontinuation of medication, when this is possible (Chouksey and Pandey, 2020; Powell et al., 2020).
In both JP and DIP, other causes of extrapyramidal syndromes in pediatric patients have to be excluded, such as: cerebral vascular malformations, single lesions of basal nuclei, supratentorial tumors, metastatic cerebral lesions, obstructive hydrocephalus (den Heijer et al., 2020), hepatic problems (Wilson’s disease), systemic lupus erythematosus, and infectious diseases (Jain et al., 2021; Riboldi et al., 2022).
We present the cases of one girl and two boys who were evaluated neurologically due to the onset of hypertonic-hypokinetic extrapyramidal syndromes. Among them, the girl was the only one diagnosed with genetically confirmed JP, while the boys–with DIP.
We compared the clinical manifestations and the evolution under treatment of the three patients, highlighting the differences observed. To date, the diagnostic criteria for DIP have not been standardized and also the differences between JP and DIP are not yet presented in the literature.
2 CASE PRESENTATION
2.1 Case 1
A female adolescent aged 14 years and 3 months underwent neurological examination because she accused symptoms which had been manifesting for approximately 1 year, with a slowly progressive evolution. These clinical symptoms consisted of postural instability, gait disorder, muscular rigidity and slowness in initiating and executing movements. The latter was initially affecting the left side, with more noticeable involvement of the lower left limb compared to the upper left limb, and later became bilateral, being associated with resting tremor in the limbs, which was accentuated by psychological stress. The patient also described states of anxiety, attention deficit, and memory impairment with insidious onset.
She was not following psychiatric treatment or any other chronic treatment. Family history was negative for neurological disorders.
Physical clinical examination revealed normal height and weight development, inexpressive facies, and slow blinking.
Neurological examination highlighted a hypertonic-hypokinetic extrapyramidal syndrome (bradykinesia, walking with small steps and a flexed posture, plastic hypertonia in all four limbs, cogwheel sign present bilaterally, being more accentuated on the left side compared to the right, exaggerated postural reflexes on the left side compared to the right, resting and postural tremor bilaterally, predominantly in the distal segments of the upper limbs, being accentuated by emotional states), symmetric deep tendon reflexes bilaterally, plantar reflex in flexion bilaterally, no cranial nerve lesions. The adolescent struggled to write, and the writing changed itself over time, the letters becoming smaller and smaller.
Common hematological and biochemical blood tests, ceruloplasmin, total copper, thyroxine (T4), thyroid-stimulating hormone (TSH) were in normal ranges. Inflammatory biological syndrome was absent.
Electroencephalogram (EEG) recorded a normal trail both spontaneously and during stimulation. Ophthalmologic examination was normal, with the absence of the Kayser-Fleischer ring.
Abdominal and thyroid ultrasounds did not reveal any pathological modifications.
Cerebral magnetic resonance imaging (MRI) did not show any pathological modifications apart from 6 mm of fluid accumulation at the medial wall of the right maxillary sinus (Figure 1A).
[image: MRI brain scans showing two axial views. Image A displays a brain with standard features, including visible gyri and sulci. Image B highlights enlarged ventricles, indicating possible medical conditions such as hydrocephalus.]FIGURE 1 | (A) Case 1 normal cerebral MRI; (B) Case 2. Cerebral MRI: ventriculomegaly and global cerebral atrophy.The initial diagnosis was parkinsonian syndrome with etiological investigations in progress–observation of JP. As imaging and laboratory tests excluded any other cause for the symptoms, genetic evaluation was recommended.
Genetic evaluation revealed normal height, weight, and head circumference, talus valgus, flat feet, kyphoscoliosis, and extrapyramidal syndrome. Whole exome sequencing (WES) (Blueprint Genetics Laboratory) was recommended and carried out. The result consisted of a homozygous pathogenic variant in the PARK2 c.101_102del, p.(Gln34Argfs*5), which confirmed the diagnosis of JP, type 2 (OMIM 600116), with AR inheritance. Genetic testing of the parents was recommended, which revealed that both parents are healthy heterozygous carriers for the variant detected in the child.
Treatment was initiated with trihexyphenidyl hydrochloride (Romparkin®) 2 mg/tablet (initial dose of 1 tablet twice a day, which was increased after 4 months due to persistence of extrapyramidal symptoms to 2 and a half tablets daily). Patient’s evolution under treatment was favorable.
At the age of 16 years and 8 months, the patient reported worsening of bradykinesia and gait disorders, together with increased frequency of tremor episodes, without dyskinesia under the abovementioned treatment. Neurological examination was performed, and it was decided that Propranolol (20 mg/tablet) be added to the treatment plan, half a tablet twice a day, in the morning and either in the afternoon or at lunch. The patient was instructed to have the blood pressure and heart rate periodically evaluated by the general practitioner.
The evolution was favorable under treatment with Romparkin® and Propranolol. At the age of 17 years and 7 months, neurological evaluation highlighted improvement of extrapyramidal symptoms and gait, together with a significant reduction of resting and postural tremor, and a better quality of life.
2.2 Case 2
A male adolescent aged 15 years and 3 months presented with resting tremor of the upper limbs with a recent onset. Family history was negative for neurological disorders.
From patient’s medical history it is worth mentioning one generalized epileptic seizure triggered by an episode of fever at the age of 1 year and 1 month. Additionally, the boy was registered in the Medical Genetics Department for Klinefelter syndrome and was under psychiatric observation for mild intellectual disability, attention deficit hyperactivity disorder (ADHD), and behavioral disorder, for which he received treatment with Aripiprazole 10 mg daily for approximately 2 months.
General physical examination revealed phenotypic features specific to Klinefelter syndrome associated with thoracolumbar scoliosis.
Neurological examination highlighted bradykinesia, plastic hypertonia of the limbs with cogwheel sign present bilaterally, postural and resting tremor of the upper limbs distally and bilaterally, which exacerbated during emotional stress but was absent during voluntary movement and sleep.
Laboratory investigations, including complete blood count, liver, kidney and thyroid function tests, glycemia, and lipid profile were within normal ranges. Inflammatory biological syndrome was absent.
Wilson’s disease was excluded based on the absence of the Kayser-Fleischer ring at ophtalmologic examination and normal plasma levels of ceruloplasmin and total copper. Abdominal and thyroid ultrasounds were normal.
Cerebral Computed tomography (CT) was normal, not showing any evidence of expansive brain processes, ischemic lesions, or hemorrhage.
Thoracolumbar spine MRI was suggestive for Scheuerman’s disease and showed circumferential protrusion of the vertebral disc L4-L5, which comes into minimal contact with the left root of L4 spinal nerve. It also revealed dextroconvex thoracolumbar scoliosis.
EEG revealed generalized high-voltage slow-waves during hyperventilation (Figure 2).
[image: An electroencephalogram (EEG) readout showing multiple wave patterns across various channels, labeled from Fp1-F3 to Cz-Pz. The recording is noted as "Post Hyperventilation" with rhythmic waveforms indicating brain activity.]FIGURE 2 | EEG (case 2): generalized high-voltage slow-waves during hyperventilation.The results of clinical and laboratory investigations, which excluded an organic disease, and the chronic treatment with Aripiprazole led to the conclusion that the parkinsonian syndrome was secondary to antipsychotic drugs. Therefore, treatment with Romparkin® (2 mg daily) was established and it was advisable to reduce or even discontinue the psychiatric medication. The former treatment was discontinued after a psychiatric consultation. After 6 months under treatment with Romparkin®, at the age of 15 years and 9 months, the patient had a complete remission of extrapyramidal symptoms. Romparkin® treatment was discontinued.
The adolescent underwent another neurological assessment at the age of 16 years and 1 month because the extrapyramidal symptoms reappeared under psychiatric treatment with Quentiapine (50 mg daily) for his ADHD. Reintroduction of the treatment with Romparkin® and reduction or cessation of the psychiatric medication was recommended after psychiatric evaluation. The dose of Quentiapine could only be reduced, and not completely discontinued, and the parkinsonian syndrome improved under treatment with Romparkin®. Due to the fact that extrapyramidal symptoms reappeared after administrating another psychiatric medication, it has been taken into consideration that the patient presents high risk of developing preclinical PD. For this reason the patient was asked to undergo periodic neurological examinations every 3 months. No signs of worsening symptoms have been noticed to this day.
2.3 Case 3
A 16-year-old male adolescent, with negative family history for neurological disorders and undergoing psychiatric treatment with Risperidone (1 mg daily, for approximately 6 months) for ADHD, addressed the neurologist for tremor predominantly in the distal segments of both upper limbs. General physical examination revealed well-proportioned somatic development.
Neurological examination highlighted hypertonic-hypokinetic extrapyramidal syndrome with bradykinesia, plastic hypertonia in all limbs, cogwheel sign present bilaterally, postural and resting tremor predominantly in the upper limbs distally and bilaterally, which worsened in stressful situations.
Hematological tests, liver and kidney function tests, glycemia, ceruloplasmin, total copper, blood iron, T4, and TSH plasma level were all within normal ranges. Inflammatory biological syndrome was also absent.
Awake EEG was normal.
No pathological aspects were found at the ophthalmologic examination or at the abdominal and thyroid ultrasounds.
Cerebral MRI showed ventriculomegaly without neurosurgical indication and global cerebral atrophy (Figure 1B). Those imaging modifications were not considered to be significant in relationship with the extrapyramidal manifestations.
All clinical and laboratory findings led to the exclusion of any organic diseases. Given the chronic treatment with Risperidone, it was concluded that the parkinsonian syndrome was caused by the antipsychotic medication. Treatment with Romparkin® was initiated, and it was advisable to reduce or even discontinue the treatment with Risperidone. The hyperkinetic and behavioral disorders worsened as the daily dose of risperidone was reduced. Therefore, the patient had to go back to the initial dose of 1 mg per day. The following neurological evaluations revealed a decrease of the extrapyramidal symptoms under treatment with Romparkin®.
3 DISCUSSION
Establishing the certain diagnosis for both Parkinson disease (PD) and DIP is of great importance for the therapeutic strategy (Benharroch, 2024; Ward and Citrome, 2018; Waninger et al., 2020).
3.1 Clinical aspects of JP and DIP
According to Shin and Chung (Shin and Chung, 2012), there are three main clinical diagnostic criteria used in DIP: the presence of parkinsonian syndrome, the absence of clinical symptoms prior to initiating the trigger-medication, and symptom onset during such treatment. Another significant diagnosis criterion is the disappearance of clinical signs after a variable time span since the cessation of the trigger-medication. However, not all cases can be distinguished only based on the patient’s clinical presentation (Hassin-Baer et al., 2001; Yomtoob et al., 2018; Tsang and Walker, 2023), because bradykinesia, rigidity and tremor in PD and DIP may overlap (Ward and Citrome, 2018; Jeong et al., 2021).
As hyposmia is a non-motor sign typical for PD which may occur years before the onset of the motor symptoms (Kwak et al., 2024), there are clinical studies that have statistically analyzed the presence of this sensory sign in adult patients with PD and in those with DIP. The former presented hyposmia in 75% of cases (Gjerde et al., 2018; Domellöf et al., 2017; Leonhardt et al., 2019). In addition, a decrease of olfaction has been reported in patients with DIP (Masala et al., 2018; Sasaki and Horie, 2020).
In the presented cases there were slight dissimilarities in the clinical presentations (Table 1). For instance, the female patient diagnosed with JP presented a wider range of extrapyramidal symptoms compared to the other adolescents who were diagnosed with DIP, and her clinical signs were more pronounced on the left side compared to the right. Our findings are in accordance with literature data. Anwar et al. (2019) described the case of a 16-year-old adolescent diagnosed with JP after the genetic tests revealed a heterozygote mutation in the ATP13A2 gene, who presented resting tremor in the left upper limb and difficulty maintaining walking balance with swaying on the left side, among other typical sings (reduced facial expression with deceased frequency of blinking, vertical nystagmus, rigidity, and bradykinesia) (Anwar et al., 2019). A prospective study monitoring 30 patients with early-onset PD documented the fact that dystonia was present in a greater number of cases than resting tremor (Riboldi et al., 2022; Jha et al., 2017). Also, the tremor was the most disturbing symptom in our female patient.
TABLE 1 | Comparison between our case with Juvenile Parkinsonism and the cases with Drug-induced parkinsonism.	Criteria	Case 1	Case 2	Case 3
	Neurological symptoms	- bradykinesia
- walking with small steps and a flexed posture
- plastic hypertonia in all four limbs
- cogwheel sign present asymmetric bilaterally
- exaggerated postural reflexes on the left side compared to the right
- resting and postural tremor bilaterally
- anxiety
- attention deficit
- memory impairment	- bradykinesia
- plastic hypertonia of the limbs
- cogwheel sign present symmetric bilaterally
- postural and resting tremor	- bradykinesia
- plastic hypertonia in all limbs
- cogwheel sign present symmetric bilaterally
- postural and resting tremor
	Physical clinical examination	inexpressive facies, slow blinking	phenotype features specific to Klinefelter syndrome	-
	Other diagnoses	-	mild intellectual disability, ADHD	ADHD
	Psychiatric medication	-	Aripiprazole
Quentiapine	Risperidone
	MRI/CT	normal	normal	Ventriculomegaly without neurosurgical indication and global cerebral atrophy
	Genetic testing	homozygous mutation of gene PARK2 c.101_102del.p. (Gin34Argfs*5)	-	-
	Outcome	Favorable with treatment	Initially favorable with treatment and discontinuation of psychiatric medication
The extrapyramidal symptoms reappeared under psychiatric treatment	Decrease of the extrapyramidal symptoms under treatment, but psychiatric treatment remained the same


In the cases of the two male patients diagnosed with DIP, the main complaints which determined their arrival at the neurologist doctor was accentuated tremor in the upper limbs, and their clinical signs were symmetrical. Moreover, none of the boys had presented any extrapyramidal symptoms before the initiation of psychiatric treatments–the clinical manifestations had an onset afterwards.
None of our patients presented any sort of olfactory dysfunction or olfactory nerve lesions.
3.2 The role of dopamine transporter imaging and electroencephalography in JP and DIP
There is a number of studies carried out on adult patients which try to establish other differential diagnostic criteria between PD and DIP, apart from the clinical presentation.
Some authors consider that dopamine transporter (DAT) imaging is an efficient method that is able to tell the difference between PD and DIP. In patients with DIP there has not been observed a dopamine deficit in comparison with those with Parkinson’s disease, whose DAT level in the striatum nucleus is significantly lower even in the early stages (Shin and Chung, 2012; Pa et al., 2021). This is because motor signs appear when 60%–80% of dopaminergic neurons are affected (Xiromerisiou et al., 2025). However, the use of DAT imaging is limited by its higher cost, risk of radiation and prolonged scan time after the radiotracer injection for positron emission tomography scan or single-photon emission computerized tomography (Seo et al., 2024a). Due to high investigation costs, these methods could not be used in our cases.
Some authors are of the opinion that EEG could be used in order to differentiate PD from DIP because of the correlation between slow EEG activity and cerebral dysfunction (Emmady et al., 2025). There are studies involving adult patients that have demonstrated that EEG pattern in patients with PD can be different from the control group consisting of healthy individuals and that EEG recordings may also be of great use in monitoring the evolution of the disease (Waninger et al., 2020; Bosch et al., 2022; Chaturvedi et al., 2017; Cozac et al., 2016; Geraedts et al., 2018; Lee et al., 2023). In adult patients with PD, resting awake EEG may highlight an increased number of theta waves and a decrease of alpha waves (Benharroch, 2024; Bosch et al., 2022; Han et al., 2013). It is widely agreed that slow EEG activity in patients suffering from PD is associated with cognitive decline (Benharroch, 2024; Bosch et al., 2022; Chaturvedi et al., 2017; Cozac et al., 2016; Geraedts et al., 2018; Kemp et al., 2024; Zawiślak-Fornagiel et al., 2023). According to Seo et al. this association does not fully explain the EEG modifications in patients with DIP (Seo et al., 2024a). They have compared EEG modifications in adults with PD and DIP divided in three groups. The first group consisted of 18 patients with DIP, the second consisted of 43 patients with PD and the third - 12 healthy individuals. The results showed that theta waves were most frequent in the group with DIP, followed by the group with PD and then the group with healthy individuals, while alpha waves had an opposite disposition between the three groups. The authors consider that EEG changes may be useful when interpreted in relationship to the different clinical aspects when it comes to making a differential diagnosis between PD and DIP (Seo et al., 2024a). The same authors also studied modifications of quantitative EEG (QEEG) in adult patients with PD and DIP. They reached the conclusion that a number of QEEG parameters, such as the frequency of background activity and the presence of theta waves, may be of great use in differentiating between the two conditions (Seo et al., 2024b).
In our first and third cases the EEG recordings were normal, but in the second case there were pathological modifications represented by generalized high-voltage slow-waves during hyperventilation. However, these were not considered to be specific to DIP.
3.3 Genetic testing for the diagnosis of JP
In the case of the adolescent with JP the final diagnosis was based on genetic testing. WES analysis carried out at Blueprint Genetics Laboratory identified a homozygote frameshift mutation in PARK2 c.101_102del, p.(Gln34Argfs*5), which confirmed the clinical diagnosis.
There are 68 individuals heterozygous for this variant in gnom AD (The Genome Aggregation Database). This genetic variant generates a frameshift in exon 2 (of a total of 12 exons), which leads to the formation of a premature stop codon. Consequently, it is widely considered that this may lead to the loss of normal protein function, either by the production of an incomplete, shorter protein, or by the disintegration of mRNA caused by the nonsense mutation, also known as nonsense - mediated mRNA decay. Mutations which associate loss-of-function of PARK2 gene represent a known causing mechanism for juvenile parkinsonism (The Human Gene Mutation Database) (HGMD). The PARK2 c.101_102del, p.(Gln34Argfs*5) variant is reported in Clin Var database (Variation ID: 425403) and has been identified in many patients with PD (PMID: 25833766, 10072423, 19636047, 27206984) (Ambroziak et al., 2015; Abbas et al., 1999; Pankratz et al., 2009; Gautier et al., 2016; The Genome Aggregation Database, 2025).
3.4 Diagnosis of DIP
In the cases of our male patients, the diagnosis of DIP was based on the clinical presentation, especially on the disappearance of the extrapyramidal symptoms after 6 months since discontinuation of the antipsychotic medication in the case where this was possible. According to literature data, symptoms of DIP may disappear in a variable number time interval of weeks-months after cessation of the trigger-medication. However, extrapyramidal symptoms may persist or even worsen in 10%–15% of cases (Shin and Chung, 2012). The prognosis of these patients can be represented by the following: complete DIP recovery without clinical recurrence, persistence of a non-progressive or a progressive parkinsonian syndrome, disappearance of the clinical signs with future recurrence in the absence of the trigger-medication (Shin and Chung, 2012). Some other authors consider that only patients whose parkinsonian syndrome disappears without future symptoms recurrences may be diagnosed with “pure” DIP, while those whose parkinsonian syndrome persists, worsens or reappears may be categorized in a pre-clinical state of PD (Akdemir et al., 2021).
4 CONCLUSION
Parkinsonian syndrome in pediatric patients can be caused by a wide range of disorders. Although it is rare, JP should be taken into consideration in children who present movement disorders, while genetic testing is absolutely essential for the final diagnosis. A detailed patient history can provide important pieces of information, such as the use of neuroleptic medications for various psychiatric conditions, which help orient the diagnosis towards parkinsonian syndromes in children. A quick and precise diagnosis of JP or DIP is important for treatment, prognosis, and counseling for the patients and their families.
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