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Abstract
Given the lack of standardized guidance for follow-up of patients with neuronal ceroid lipofucsinosis-2 disease in Latin-American 
countries and the heterogeneity of the region, an expert panel was created with the participation of 11 pediatric neurologists from 
Colombia, Argentina, Brazil and Chile. The aim of the expert panel was to describe a framework for standardized follow-up in patients 
with neuronal ceroid lipofucsinosis-2 disease, on or off therapy, that could benefit patients and treating physicians alike. Experts made 
recommendations in the following areas: seizures, abnormal movements and ataxia, sleep disorders and pain, cognitive function, visual 
function, hearing and speech, cardiac function, quality of life, and motor function. Recommendations include the most appropriate tools 
for use in the Latin-American context and health care systems, and provide feasible follow-up guidance, applicable in public and private 
healthcare facilities. They take into consideration the availability of clinical assessment resources, tools (scales, questionnaires, paraclinical 
tests) and access to these tools in Latin-American countries, as well as other regional and local needs defined by the participating experts.
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Introduction 

Neuronal ceroid lipofucsinosis-2 (CLN2) disease (OMIM # 
204500), known as late infantile form, is a pediatric disease caused 
by intracellular fluorescent ceroid and lipofuscin-like deposits 
containing lipid peroxides and a subunit c of mitochondrial 
ATP synthase in different body tissues. It is characterized by 
rapidly progressing epilepsy due to the destruction of the central 
nervous system as a result of neuronal death related to lipofuscin 
accumulation in neuronal and glial cell lysosomes.

The spectrum of CLN2 disease comprises several clinical 
presentations: a) late infantile lipofuscinosis, b) juvenile form of 
CLN2 disease, and c) adult form of CLN2 disease. The “classic” 
phenotype of the disease is late infantile lipofuscinosis, and the 
“atypical” phenotype or late presentation refers to late onset 
and prolonged course of the disease (1,2). The disease follows a 
devastatingly rapid course, with symptoms and loss of function 
advancing with age. The following is the timeline of symptom 
onset and loss of function in the classic form of CLN2 disease 
(Figure 1).

The initial clinical compromise in patients with CLN2 disease 
is characterized by language delay, epileptic seizures and ataxia 
(2 to 4 years of age), followed by cognitive and motor impairment 
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with complete loss of motor function by 6 years of age, and 
death in mid-childhood.

CLN2 disease is a rare disease whose diagnosis, treatment 
and follow-up pose significant challenges for healthcare systems 
and providers, and create substantial barriers that patients and 
families need to overcome. 

There is paucity of references on standardized recommen-
dations for the follow-up of patients with CLN2 disease in the 
literature. (3)

This work analyzes various aspects that need to be considered 
when it comes to defining the most appropriate follow-up 
recommendations for patients with CLN2 disease in the Latin 
American context: results and recommendations derived from 
the available evidence, degree of sensitivity of the tests and 
their relevance in terms of applicability and reproducibility 
in different countries, availability of resources and clinical 
assessment tools (scales, questionnaires, paraclinical tests), 
access to these tools in public and private healthcare settings, 
and other needs and peculiarities of the region, as defined by 
the participating experts. The aim of this work was to describe 
a framework for standardized follow-up in patients with CLN2 
disease, on or off therapy, based on expert recommendations. 

Methods

Identification of the Participants - Expert Panel

A group of experts met on November 21, 2019. The group 
consisted of 11 pediatric neurologists: 3 from Colombia who 
attended the meeting in person, and the remaining 8 who 
participated online, 4 from Argentina, 2 from Brazil and 2 
from Chile. The experts were selected based on their knowledge 

of the subject matter and their experience managing patients 
with CLN2 disease. 

Review of the Literature

Before the meeting, the panel members conducted an independent 
review of the literature on the clinical manifestations of CLN2 
disease and the follow-up tools used in the 9 areas in which the 
main clinical manifestations of the disease occur.

Preparation of the Recommendations

Each expert prepared recommendations in one area, by com-
pleting the questionnaire shown below. In those cases, in which 
there was no published evidence on the topic, recommendations 
were made based on experience. 

 • Clinical manifestations of CLN2 disease in the area for 
which you provide recommendations.

 • Tools (scores, laboratory tests, images, etc.) 
recommended for use in patient follow-up, specifying 
grade of recommendation (mandatory, desirable, 
optional, not recommended), frequency, practitioner 
who must perform the test, practitioner in charge of 
follow-up, and validation of the tools used. 

Meetings to Define the Content of the Position 
Statement

The expert panel met twice. The first meeting took place on site 
(August 2019) and the second took place online (November 
2019). The recommendations were submitted and discussed 
in a plenary meeting until consensus was reached. The group 

Figure 1. Symptom onset timeline. Taken from https://www.cln2connection.com/es-co/overview/natural-history/. (1–7).

https://www.cln2connection.com/es-co/overview/natural-history/
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then agreed on the final content of the Position Statement Paper 
regarding follow-up of patients with CLN2 disease in the Latin 
American region.

A facilitator gathered the information submitted by the 
members of the expert panel into a document that reflected the 
group’s position. This document was put the consideration of 
all the panelists, who approved the final version for publication. 

Results

Annex 1 shows the summary table of recommendations.

I. Follow-up of seizures and loss of brain volume

Clinical manifestations

In classic CLN2 disease cases, the age of onset of seizures is 
between 2 and 4 years. Seizures become refractory to treatment 
soon and patients end up receiving multiple medications 
(valproate, benzodiazepines). Seizures are polymorphic: 
myoclonic, generalized tonic-clonic, focal, absences and atonic. 
(3,4) These patients may present altered electroencephalographic 
tracings such as an early positive photoparoxysmal response to 
low-frequency light stimulus (1-3 Hz). Electroencephalographic 
(EEG) changes appear as neurological decline progresses, 
with slowing of the baseline pattern and altered tracings. 
(4,5) Magnetic resonance imaging (MRI) shows early onset 
progressive cerebellar atrophy, atrophy of cerebellar hemispheres, 
hyperintense periventricular white matter, progressive cerebral 
atrophy, and thalamic hypointensity. With progression, 
disseminated grey matter atrophy occurs due to neuronal loss. 
(6,7)

Secondary endpoint findings in the clinical study included 
slowing of brain volume loss on MRI, consistent with the 
expected pharmacological effect of intracerebroventricular 
enzyme replacement therapy. (8)

Tools for patient follow-up 

Clinical assessment

 • Frequency: At every visit
 • Follow-up by: neurologist/pediatric neurologist
 • Recommendation grade: Mandatory
 • Observations: The course of the seizures (type of ictus, 

frequency), anticonvulsants used (name and dose) 
and the results of enzyme replacement therapy (ERT) 
assessed with clinical scores must all be documented 
in the clinical record.

Electroencephalogram (EEG)
 • Frequency (experience-based): At baseline (presence of 

seizures), with follow-up every 6 months, according to 
the course of the disease. (7)

 • Test performed by: EEG technician.
 • Recommendation grade: Mandatory.

 • Observations: Test to be conducted with the 
photostimulation equipment (starting at 1-3 Hz, followed 
by 5-20 Hz and ending with high frequencies > 20 Hz), 
(9) during waking hours with eyes open, at a distance 
of 30 cm from the photostimulation equipment. If the 
age of the patient does not allow it, the test must be 
performed during sleep.

Magnetic Resonance Imaging (MRI)
 • Frequency: At baseline, with annual follow-up or 

according to the course of the disease. No annual follow-
up in patients with a score of 0 on the Neuronal Ceroid 
Lipofuscinosis Type 2 (CLN2) Clinical Rating Scale 
(CLN2 scale), in a very advanced stage. (9)

 • Test performed by: Technician
 • Recommendation grade: Mandatory.
 • Observations: MRI with epilepsy protocol, T1, T2, Flair 

sequences and enhanced water diffusion in the ADC 
technique. Spectroscopy to be done if possible. The use 
of gadolinium is not recommended. (6) MRI helps with 
decision-making regarding management and need for 
treatment, and allows to stratify patients in accordance 
with imaging progression.

II. Follow-up of abnormal movements and ataxia

Clinical manifestations

Children with CLN2 disease exhibit different types of movement 
disorders, the most important being ataxia, which is common 
in classic and also in the late presentation. Myoclonus (epileptic 
and non-epileptic) is characteristic, while dystonia and spasticity 
are commonly seen. Chorea, athetosis and tremors may also be 
present. Although rarely seen in the late infantile phenotype, 
parkinsonism, ataxia and prominent chorea have been reported 
in atypical phenotypes. (10–15) 

Recommended tools for use in patient follow-up

Clinical assessment
 • Frequency: At every visit
 • Information to be gathered by: Neurologist/pediatric 

neurologist
 • Recommendation grade: Mandatory
 • Observations: Clinical follow-up is required when 

myoclonus, dystonia and other abnormal movements 
are present 

Scale for the Assessment of Rating Scale (SARA) 
 • Frequency: At every visit (10 - 20 minutes)
 • Scale to be administered by: Neurologist/pediatric 

neurologist or trained clinician/pediatrician
 • Recommendation grade: Desirable
 • Validation: Scale validated in Spain and Brazil 
 • Observations: The Hamburg, Weill Cornell and the 

Clinical Scoring System for Late Infantile Neuronal 
Ceroid Lipofuscinoses (LINCL) scales may be used 



Diagramação e XML SciELO Publishing Schema: www.editoraletra1.com.br | letra1@editoraletra1.com.br

J. inborn errors metab. screen.4

to assess various impairments in cerebellar ataxia, 
but SARA is useful for a more sensitive and specific 
assessment because it is easily reproducible between 
examiners and provides an overview of axial and 
appendicular cerebellar coordination. The scale assesses 
a range of impairments in cerebellar ataxia. (15,16)

Other scales
 • Although not mandatory, dystonia assessment could 

be made using specific scales such as the Burke-Fahn-
Marsden (BFMDRS), used to assess dystonia severity in 
9 regions of the body. (17) If the examiner lacks training/
experience using scales, a thorough clinical assessment 
must be performed (body segments where it occurs, 
at rest or in motion, or determination of whether it is 
triggered by a specific situation). (18)

III. Follow-up of sleeping disorders and pain

Sleep: Clinical manifestations

Sleep disorders in patients with epilepsy may be caused by the 
epileptic disorder itself or by the anticonvulsants. They appear 
early on, are difficult to manage and are a significant source 
of concern for the family. Up to 96% of patients with CLN2 
disease may have some form of sleep disorder (entire sleepless 
nights [78%], difficulty falling asleep [69%], drowsiness during 
the day [65%], altered sleep duration [57%], parasomnias [54%], 
respiratory disorders during sleep [54%], refusal to go to bed, 
anxiety, restless legs syndrome, regular leg movements) (19). As 
a result of insufficient sleep, (20) patients may develop mood 
disorders (depression, anxiety), fatigue, diurnal hypersomnia, 
reduced activity level, poor ictal control and other cognitive 
disorders that worsen the underlying cognitive problem 
(attention deficit, learning disabilities, memory consolidation 
deficit), with the ensuing variability in cognitive performance.

Sleep: Recommended tools for use in patient follow-up

Clinical assessment and interview regarding sleep journal 
and sleep disorder symptoms

 • Frequency: At every visit
 • History to be taken by: Neurologist/pediatric neurologist
 • Recommendation grade: Mandatory.
 • Observations: Documentation in the clinical record 

must include medical history (child development, sleep 
characteristics, school performance, school and social 
adaptation), use of medications and toxic substances, 
and physical examination. It is recommended to ask 
caregivers to keep a sleep journal.

Sleep scales: PSQ (Pediatric Sleep Questionnaire)
 • Frequency: If sleep disorders are diagnosed, administer 

the questionnaire every 6 months. (21) 
 • Recommendation grade: Optional

 • Scale to be administered by: Neurologist/pediatric 
neurologist. The caregiver may complete the 
questionnaire and bring it on the date of the visit.

 • Validation: Validated in Colombia. Not validated in 
other countries.

 • Observations: Includes all sleep disorders

Actigraphy
 • Frequency: Whenever circadian cycle disorder is 

suspected, or if in doubt regarding sleep patterns, or 
when the information available is not very reliable. 

 • Test to be performed by: Sleep specialist
 • Recommendation grade: Optional

Polysomnography
 • Frequency: For confirmation purposes in cases of 

suspected sleep respiratory disorder (OSAHS), in restless 
legs syndrome and periodic limb movement disorder.

 • Test performed by: Sleep specialist.
 • Recommendation grade: Mandatory in case of suspected 

diagnosis.

IV. Pain: Clinical manifestations

Patients with CLN2 disease may experience pain arising from 
multiple sources, with deleterious effects on their quality of 
life. Pain is primarily osteomuscular in advanced cases, and 
associated with some abnormal movements such as dystonia. 
Pain prevention and early identification must be an important 
management objective, as is the case in every neurodegenerative 
condition.(3,22)

V. Pain: Recommended tools for use in patient follow-up

Interview about the presence of pain and its characteristics
 • Frequency: At every visit
 • Interview to be conducted by: Neurologist/pediatric 

neurologist
 • Recommendation grade: Mandatory
 • Observations: It is not recommended to require 

caregivers to keep a journal

Visual Analog Scale (VAS)
 • Frequency: At every visit, if there is pain of any type
 • Scale to be administered by: It depends on patient age 

and condition. If the patient is cooperative, it may be 
completed by the patient or by the caregiver. Observation 
during the visit is key when the quality of the information 
is not adequate. No special training is required.

 • Recommendation grade: Mandatory
 • Observations: To assess the presence and severity of pain 

in cooperative patients, children over 6-8 years who are 
able to assess their pain. There is a recommendation for 
each age range in children > 3 years. 
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Behavioral scale or adapted from FLACC
 • Frequency: At every visit, if there is pain of any type
 • Scale to be administered by: If the patient is cooperative, 

it may be completed by the patient or by the caregiver. 
Observation during the visit is key when the quality of 
the information is not adequate. No special training 
is required. 

 • Recommendation grade: Mandatory
 • Observations: For children aged 1 month to 4 years, 

uncooperative children, children with intellectual 
impairment, neurodevelopmental abnormalities or 
altered ability to communicate. 

VI. Cognitive function follow-up 

Clinical manifestations

In patients with CLN2 disease there is a loss of psychomotor 
development milestones associated with epileptic seizures. 
Speech delay or regression (2-4 years of age) preceding epileptic 
seizures may be one of the first manifestations of the loss of 
cognitive functions. Following the onset of epileptic seizures, 
cognitive decline becomes evident and occurs at a faster rate. 
Altered behaviors such as agitation and anxiety are frequently 
present, creating distress for patients and family members alike. 
(3,10)

Studies have shown rapid cognitive decline (Hamburg and 
Weill Cornell scales). However, these tools only assess language 
and, more specifically, speech impairment. (23)

Recommended tools for use in patient follow-up 

Denver Developmental Screening Test (DENVER II Scale) 
(24–26)

 • Frequency: At baseline and every year from then on 
(children ages 0 to 6)

 • Scale to be administered by: Neuropsychologist or 
trained healthcare professional

 • Recommendation grade: Mandatory
 • Observations: Does not assess intelligence quotient, but 

it can be used to assess psychomotor development. In 
disease progression studies, assessment must be made 
every three months (Hamburg and Weill Cornell), due 
to the rapid decline in neurologic function.

Wechsler Intelligence Scale for Children (WISC IV) (27,28)
 • Frequency: At baseline with yearly follow-up (children 

>6 years)
 • Scale to be administered by: Neuropsychologist or 

trained healthcare professional (if approved for local use)
 • Recommendation grade: Mandatory
 • Validation: The scale has been validated in Spanish 

and Portuguese.
 • The WISC-IV (Wechsler Intelligence Scale for Children 

IV) provides a broad assessment of cognitive functions. 
(29)

VII. Visual function follow-up

Clinical manifestations

Visual involvement manifests slowly in children >4 years. Visual 
symptoms appear when cognitive decline and motor disorders 
are notorious. The onset of blindness typically occurs between 7 
and 10 years of age. (3) Ophthalmological compromise occurs as 
a result of progressive retinal degeneration. In the final stages, 
there is diffuse atrophy secondary to progressive degeneration 
of the central nervous system involving projections of the visual 
pathways in the brain. The electroretinogram is often abnormal 
at the time of onset, even before retinal degeneration and changes 
in visual function are detectable. (30) 

Recommended tools for use in patient follow-up

Anterior segment, eye fundus and visual acuity examination
 • Frequency (experience-based recommendation): Annual 

follow-up
 • Examination to be performed by: a) Fundus, 

ophthalmologist or neurologist; b) visual acuity, 
ophthalmologist or optometrist

 • Recommendation grade: Mandatory
 • Observations: The visual acuity test may be difficult to 

perform due to cognitive decline.

Hamburg Visual Function Scale (31)
 • Frequency: At every visit
 • Scale to be administered by: Pediatric neurologist/

neurologist or trained healthcare staff
 • Recommendation grade (experience-based): Mandatory
 • Validation: There is no validated translation in Spanish, 

but it is not needed

Optic Coherence Tomography (OCT)
 • Frequency (experience-based recommendation): At 

baseline with yearly follow-up (depending on machine 
availability, patient cooperation and access to the test).

 • Test to be performed by: Ophthalmologist
 • Recommendation grade: Desirable
 • Validation: Not needed. Use ophthalmic severity score 

(30) 
 • Observations: High-resolution OCT is adequate for 

detecting peripheral retinal changes and for determining 
the extent and progression of retinal abnormalities. The 
use of OCT will depend on the availability of the test 
at each healthcare institution.

Electroretinogram (ERG) 
 • Frequency: At baseline. Follow-up according to the 

course of the disease. (32)
 • Test to be performed by: Trained visual electrophysiologist 

(standard international protocol) (33) 
 • Recommendation grade: Optional
 • Observations: The use of ERG will depend on the 

availability of the test at each institution.
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VIII. Follow-up of speech and language function 

Clinical manifestations

In classic late infantile CLN2 disease, language developmental 
delay, together with seizures, are the early manifestations of 
the disease. (34) Function decline (composite score), including 
language, occurs very rapidly (between 2 and 3 years of age). 
(23,31) Progressive advanced neurological decline is associated 
with the deterioration of the swallowing function, which results 
in feeding problems that may require gastrostomy. Speech 
and language complications include delay in language and 
communication skills development, signs and symptoms of 
dysphagia, regression in language, dysarthria, swallowing 
abnormalities (rejection of certain foods, coughing during 
or immediately after eating or drinking), recurrent lower 
respiratory infections, weight gain or loss. 

Recommended tools for use in patient assessment:

Clinical assessment 
 • Frequency (experience-based recommendation): At 

baseline and annual follow-up, as needed.
 • Assessment to be performed by: Speech pathologist
 • Recommendation grade: Mandatory
 • Validation: Not required (local protocol)
 • Observations: Monitoring for potential aspiration while 

on oral feeding.

Hamburg (13) /Weill Cornell (31) scales for language 
assessment

 • Frequency (experience-based recommendation): At 
baseline and every 6 months during follow-up.

 • Scale to be administered by: Neurologist/pediatric 
neurologist or trained healthcare staff

 • Recommendation grade: Mandatory
 • Validated: No validated translation is available in 

Spanish

Instrumental assessment: Videofluoroscopic Swallow 
Study (VFSS) for swallowing assessment (35)

 • Frequency (experience-based recommendation): Only 
in children with suspected dysphagia or aspiration 
based on the clinical findings and the judgement of the 
speech pathologist.

 • Test to be performed by: Speech pathologist and 
radiologist

 • Recommendation grade (experience-based): Mandatory 
if dysphagia or airway penetration are suspected.

 • Validation: Not required (local protocol)

IX. Cardiac function follow-up

Clinical manifestations (36,37)

Cardiac complications and conduction abnormalities can 
be explained by the accumulation of lipopigments (ceroids 
and lipofuscin-like pigments) found not only in the neurons 

but in other tissues, including the heart. Cardiac findings are 
infrequent, although T-wave alterations and right ventricular 
hypertrophy have been described. There are no reports in the 
literature regarding cardiac manifestations before 14 years of age. 
There is one case description of CLN2 disease with biventricular 
dilation and severe heart failure but no definitive conclusion 
on whether the pathophysiological mechanisms of the disease 
may cause heart failure. (38)

Recommended tools for use in patient assessment (3,39)

Pediatric cardiology consult 
 • Frequency: At baseline and whenever cardiac 

manifestations occur.
 • Patient to be seen by: Cardiologist
 • Recommendation grade: Mandatory

Electrocardiogram (ECG) 
 • Frequency: At baseline with follow-up every two years 

(in the absence of cardiac findings). If abnormalities 
are found at the initial visit, follow-up every 6 months 
is recommended, based on the findings.

 • Test to be performed by: Trained staff.
 • Recommendation grade: Mandatory at the first visit 

and based on clinical findings from then on.
 • Cardiovascular monitoring while on ERT: ECG 

monitoring must be done during the infusion in patients 
with a history of bradycardia, conduction disorder or 
structural heart disease, considering that some patients 
with CLN2 disease may develop conduction disorders or 
heart disease. In patients with normal cardiac function, 
regular 12-lead ECG assessments must be performed 
every 6 months.

Echocardiography
 • Frequency: Follow-up every 2 years (in the absence 

of cardiac findings). If the initial echocardiogram is 
abnormal, follow-up every 6 months is recommended.

 • Scan to be performed by: Cardiologist
 • Recommendation grade: Mandatory at the first visit 

and based on clinical findings from then on.

Holter
 • Frequency (experience-based): Every 6 months if altered 

rhythm is found.
 • Test to be performed by: Cardiologist
 • Recommendation grade: Desirable

X. Quality-of-life (QoL) follow-up

Clinical manifestations

CLN2 disease is a progressive, chronic, multi-system neurological 
condition in which cognitive, motor and sensorineural functions 
affected by the disease cannot be reverted with the treatments 
available at the present time. This translates into a significant 
impact on patient and family quality of life as a result of 
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challenges with daily living which, to compound things, cannot 
be expressed during consultation time which is mostly devoted to 
the physical aspects of the disease. Maintaining communication, 
ensuring comfort and as much independence as possible for the 
patient, and supporting the family are important considerations.

Recommended tools for use in patient assessment

Pediatric Quality of Life Scale (PedsQL 4.0) (40)
 • Frequency: Administer every 6 months unless important 

clinical or family changes occur.
 • Recommendation grade: Mandatory
 • Tool to be administered by: Trained professional 

(physician, psychologist, social assistant)
 • Validation: Validated in all countries
 • Observations: The scale may be administered to family 

members and caregivers or during the visit. Only 
children >8 years may be the main reporting party. It 
should not be administered too often in order to avoid 
adaptation. There is no agreement regarding the use of 
other scales in atypical adult patients.

XI. Motor function follow-up 

Clinical manifestations

In the juvenile form of CLN2 disease, cognitive, behavioral 
and motor symptoms are common and usually manifest after 
the onset of visual loss and seizures. In the late infantile form, 
these symptoms are preceded by language delay and rapidly 
progressing motor decline. The study of motor assessment in 
patients with CLN2 disease is limited. In its typical form, CLN2 
disease has a devastating, rapidly progressing natural history 
and the clinical approach to this condition is limited to the 
use of the Hamburg and Weill Cornell scales as well as the 
CLN2 disease scale, based on the latter, and which was used 
in clinical studies for motor and language assessment. These 
are all gross scales for motor assessment, so functional losses 
or gains must be quite substantial to be reflected in higher or 
lower scores. Prior studies have used the 6-minute walk test, 
(40) with the limitation of requiring gait to be still present 
in order to conduct the assessment. Gross motor function 
assessment tools play a key role in the identification, diagnosis 
and assessment of motor challenges in early childhood. In their 
study, Griffiths A. et al. (41) carried out a systematic assessment 
of the psychometric properties and the clinical applicability of 
gross motor function assessment tools in children between 2 
and 12 years of age, and showed that most of these tools have 
good-to-excellent validity. The Bayley-III has the best predictive 
validity at 2 years of age in terms of motor outcome later in life, 
but none of the tools showed good evaluative validity. Hence the 
need to develop a clear strategy for observation and follow-up 
which is reliable and validated in several languages, in order to 
ensure better follow-up. (41) In recent years, the Gross Motor 
Function Measure (GMFM) has become the most common 
functional outcome measure used by rehabilitation specialists 

for measuring gross motor function in children with cerebral 
palsy and other neurological conditions such as Down syndrome, 
traumatic head injury and osteogenesis imperfecta. The first 
version of the GMFM is the GMFM-88 and the most recent one 
is the GMFM-66.(42) Both versions are useful and valuable for 
assessing functional motor skills in children under 17 years of 
age. These tools have been translated and validated in several 
languages and used in different cultures. (42) 

The GMFM is used by different rehabilitation specialists 
for clinical and research purposes. Considering its widespread 
use, its aim and the amount of research conducted using this 
tool, its use in motor assessment of children with CLN2 disease 
between 0 and 17 years of age is proposed.

Recommended tools for use in patient assessment

Gross Motor Function Measure (GMFM)
 • Frequency: At baseline and every 6 or 12 months from 

then on, according to how the patient evolves.
 • Scale to be administered by: Physical medicine and 

rehabilitation specialist, pediatric physiatrist, pediatric 
neurologist, physical therapist

 • Recommendation grade: Mandatory 
 • Observations: Used to assess gross motor function in 

children with cerebral palsy and other motor disabilities.
 • Validation: The Gross Motor Function scale is validated 

in Spanish and can be used in CLN2 disease
 • Observations: The Gross Motor Function Classification 

System (GMFCS), plus the Manual Ability Classification 
System (MACS) questionnaire for upper limb assessment, 
may be used in centers that do not use the GMFM.

Discussion and Conclusions

CLN2 disease is the most common form of lipofuscinosis in 
South America, compared to the rest of the world. CLN2 disease 
with a slower or non-classical evolution, a later onset of symptoms 
and slower neurodegenerative progression versus the classical 
form, represents more than 50% of the cases of CLN2 disease 
described in the region, unlike the rest of the world. The mixture 
of races, with a wide genetic mix and the finding of different 
mutations and deletions observed in South America could 
explain this difference. (1-2)

Considering that there is a paucity of evidence regarding 
algorithms and protocols for follow-up of patients with CLN2 
disease in Latin America, basic recommendations consistent 
with the characteristics of the Health Systems and access to, 
and availability of, resources and tools in the different countries 
have been developed for adequate patient follow-up based on 
the knowledge and experience of expert physicians in the region 
(Table 1). 

Given the heterogeneity of the region, an attempt has been 
made to standardize logical and feasible criteria for both public 
and private healthcare facilities, taking into consideration 
diagnostic and follow-up resources. The fact that not all tools 
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Table 1. Summary of recommendations for follow up in patients with CLN2 disease.

POSITION STATEMENT REGARDING RECOMMENDATIONS FOR CLN2 PATIENT FOLLOW-UP

Management Area Management Tools Decription Frequency

MANDATORY

Seizures

Medical visit/neurological assessment Every visit

EEG Baseline, follow-up every 6 months

MRI Baseline, yearly follow-up.

Abnormal movements and ataxia Medical visit/neurological assessment Every visit (every 3 months, approximately)

Sleep disorders

Medical visit/neurological assessment.  
Interview on journal and sleep disorders

Every visit

To be defined  (if diagnosis suspected)
Polisomnography

Pain disorders

Clinical assessment: Interview to ask about  
the presence of pain and its characteristics Every visit

Visual Analog Scale (VAS) Every visit (if there is pain)

Behavioral scale or scale adapted from FLACC Every visit (if there is pain)

Cognitive function
DENVER II scale Baseline, yearly follow-up.

Wechsler Intelligence Scale for Children (WISC IV) Baseline, yearly follow-up.

Visual function

Consultation with the ophthalmologist/
optometrist: Anterior segment, fundus  

and visual acuity examination
Baseline, yearly follow-up.

Hamburg visual function scale Every visit

Speech and language function

Speech pathology consult Baseline, yearly follow-up.

Instrumental assessment: Videofluoroscopic 
swallow study (VFSS) for swallowing assessment

According to clinical findings  
(suspected dysphagia or airway penetration)

Hamburg /Weill Cornell scale  
for language assessment If cardiac manifestations are present

Cardiac function

Consult with pediatric cardiology If cardiac manifestations are present

Electrocardiogram (EKG) Cardiologic findings: every 6 months  
(in the absence of findings, every 2 years)

Echocardiography Cardiologic findings: every 6 months  
(in the absence of findings, every 2 years)

Quality of Life PedsQL 4.0 (Pediatric Quality of Life Scale) Baseline, follow-up every 6 months

Motor function
Medical visit/neurological assessment Every visit

Gross Motor Function Measure (GMFM) Baseline, follow-up every 6 months

Optional

Abnormal movements and ataxia SARA scale Every visit

Sleep disorders
Actigraphy To be defined

PSQ (Pediatric Sleep Questionnaire). Every 6 months (if sleep disorders are present)

Visual function
Electroretinogram (ERG) Baseline, follow-up based on how patient evolves

Optical Coherence Tomography (OCT) Baseline, yearly follow-up.

Cardiac Function Holter Every 6 months if rhythm abnormalities are present

Motor function NA NA
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are validated in all countries is a challenge, but it is important 
to use the same tools if reliable results regarding the progression 
and follow-up of neuronal lipofuscinosis are to be obtained. 

This position statement provides feasible follow-up guidance 
for the benefit of patients and treating physicians alike. It is 
derived from the views of expert professionals with experience 
in the management and follow-up of CLN2 disease.

The main challenge looking forward is to gain additional 
experience and access to the evidence needed to optimize 
management for the benefit of the patients and their families, 
focusing on improving the quality of life and wellbeing of those 
affected by the disease. 
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