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Abstract

Introduction: Duchenne Muscular Dystrophy (DMD) and Spinal Muscular Atrophy (SMA) are rare but severe genetic neuro-
muscular diseases in the pediatric population with high burden of morbidity and mortality. Despite advances in their under-
standing and search for targeted therapeutic options, there are still gaps in timely detection, characterization, patient
follow-up, active search for carriers and in some Latin American countries no neonatal screening. Objective: To characterize
clinically, paraclinically, imaging and molecularly patients with presumptive and confirmed diagnosis of Duchenne muscular
dystrophy (DMD) and Spinal Muscular Atrophy (SMA) attended in a pediatric center of reference and excellence in Southwest-
ern Colombia. Materials and Methods: Observational cross-sectional study in patients under 18 years of age with ICD-10 diag-
noses related to DMD and SMA. Data were exported to an Excel matrix in Office 365 version 2403, and then to IBM SPSS
version 29 to perform a univariate analysis, measures of central tendency and dispersion were used for numerical variables,
considering their distribution, and absolute frequencies and percentages for qualitative variables. Results: After reviewing
954 medical records belonging to a pediatric care center in Southwestern Colombia between 2015 - 2021, 422 cases related to
Duchenne Muscular Dystrophy (DMD) and Spinal Muscular Atrophy (SMA) were identified; excluding duplicates and unre-
lated records, from these, 99 cases were randomly selected for a comprehensive analysis using OpenEpi version 3.01, distrib-
uted in two groups: SMA (n=23) and DMD (n=76). Patients confirmed with Duchenne Muscular Dystrophy (DMD) showed
symptom onset at 54.5 + 29.0 months and diagnosis at 98.8 + 34.9 months, being more common in males with hypotonia
and elevated creatin kinase (CK) levels, 54.5% had cognitive impairment and 88. 2% had family history, in Spinal Muscular At-
rophy (SMA), the onset of symptoms was at 28.9 + 37.7 months and diagnosis at 37.9 + 38.2 months, being predominant in fe-
males with areflexia and fasciculations, there were no records of cognitive function in confirmed patients, and 21.7% had
family history of SMA, in addition to slight elevations of CK. In the SMA group, 9 cases were molecularly confirmed and 3 were
supported by medical records; in contrast, in the DMD group, 22 cases had molecular confirmation, but 9 had annotations in
medical records, although these reports were incomplete. Conclusions: Early suspicion and diagnosis of these progressive
neurodegenerative diseases characterized by high morbidity and mortality rates is critical to impact the holistic approach pa-
tients should receive. Given the continuous advance in diagnostic methods and innovative and targeted therapeutic options
(hyperpersonalization medicine), it is necessary to create complete medical-clinical registries and "big data’, which have all the
current tools available (multimodal diagnostic options) to facilitate patient re-contact, follow-up and to be able to offer per-
sonalized, precision care that improves the quality of life of patients and their families, contributing to the generation of inte-
grated and targeted public policies.
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Hereditary and acquired neuromuscular diseases affect the en-
tire population from childhood to late adulthood, although
they are classified as rare diseases due to their low individual
prevalence, they can manifest in acute presentations, although
they are generally chronic and have a stable or progressive
course. They constitute a group of more than 150 diseases that
affect any of the components of the motor unit, that is, the
functional unit constituted by the body of the anterior horn
motoneuron of the spinal cord, its axon (peripheral nerve), the
neuromuscular junction, and all muscle fibers innervated by

this motoneuron. The final effector of this system is the muscle,
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but it can be compromised either primarily or secondarily to
denervation.According to this concept, NM diseases can be
classified into: Motor neuron and nerve diseases (neu-
ropathies), myopathies or primary muscle diseases without
structural alterations in the peripheral nerve, and disorders of

the neuromuscular junction.

In a few years, we have gone from a classification based on
histopathological and clinical features to one in which molecu-
lar features are the ones that articulate the organization of the
different groups, with clinical features allowing for the estab-
lishment of subgroups within a group with a common genetic
disorder. Currently, classification based on molecular biology is
of interest, allowing for the creation of new subtypes within
the same set of symptoms.In this sense, Duchenne muscular
dystrophy is part of the group of dystrophinopathies, it is one
of the most common muscular dystrophies and affects more

than two hundred thousand people worldwide [3].

The risk of recurrence in a carrier woman of the disease in each
pregnancy is: 50% of sick children, 50% of healthy children;
50% of carrier daughters and finally 50% of non-carrier daugh-
ters although 30% of patients present de novo variants [4]; in
any case, this is the result of alterations in the dystrophin gene
(DMD), located in the Xp21 locus, the variants of this gene
cause a progressive muscle degeneration due to the absence
of an essential protein for the structural stability of the muscles
[5].Duchenne muscular dystrophy has a prevalence of 1 in
5,000 live-born males [6], it is extremely rare in female patients
however this variability in the expression of the disease in car-
rier women can be explained by the process of random X chro-
mosome inactivation, also known as Lyonization [7], in this
process, one of the two copies of the X chromosome in women
is randomly inactivated in each cell of the body, which can in-

fluence the severity of the symptoms presented.

Despite extensive research efforts, finding a cure for DMD re-
mains a significant challenge, highlighting the importance of
exploring new treatment approaches [8]. Therefore, it is crucial
to consider advanced therapies, such as gene therapy, cell
therapy and immunotherapy, which could address the disease
at its origin, these include gene transfer or implantation, exon

skipping and genetic editing.

There is a growing demand for new therapies capable of sig-
nificantly improving the treatment of a wide range of patients;
advances in genetic reprogramming have enabled the devel-
opment of AAV vectors (Adeno-Associated Viruses) to deliver

specific therapies.

Recently, the FDA (Food and Drug Administration) approved a
new oral medication called Duvyzat (givinostat), designed for
patients 6 years and older with DMD [25]. Likewise, the bio-
genesis of exosomes can be directed to transport components
of gene editing or specific therapies to particular tissues or cell

types, such as the brain and muscle [9].

This targeted pharmacological approach has the potential to
restore muscle function and significantly improve the quality
of life of affected patients, therefore, it is crucial to perform
multimodal diagnostic confirmation including molecular stud-
ies, follow-up, and have complete clinical big data and the abil-
ity to recontact patients to continuously inform them of
diagnostic and therapeutic advances, provide preventive mea-
sures and interventions that reduce the expression of the med-

ical condition impacting its natural history.

On the other hand, Spinal Muscular Atrophy (SMA) is an inher-
ited disease that affects the cells of the anterior horn of the
spinal cord, causing progressive weakness in proximal muscle-
s.This condition, with autosomal recessive inheritance, affects
both men and women equally, requiring the presence of two
copies of the gene, one from each parent, for its manifestation;
the probability that these parents will have an affected son or

daughter is 25% in each pregnancy [11].

The estimated prevalence of SMA is around 1 case per 10,000
newborns according to studies in the general population. The
classic form of the disease is the result of a variant in the genes
that encode the survival motor neuron protein (SMN1 and
SMN2), located on the long arm of chromosome 5, and is part of
an inverted 500 kb duplication on chromosome 5q13. This du-
plicated region contains, at least, four genes and repetitive ele-

ments that make it prone to rearrangements and deletions [12].

During the last decade, Spinal Muscular Atrophy (SMA) has ex-
perienced significant changes thanks to advances in medical

care and the development of specific treatments for this dis-
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ease. In Spain, there is "RegistrAME’, a registry of specific dis-
eases that collects data on patients with SMA since 2015 [13].
This registry includes demographic and clinical information, as
well as results reported by the patients themselves, which is
essential for better understanding the disease and improving
the quality of life of those affected. This approach could be ex-
trapolated to less privileged populations in order to collect
data on a large scale and contribute to improving the manage-
ment of family expectations, appropriate disease management
and patient needs, as well as a better understanding of the im-
pact of the disease. Additionally, it can help monitor the evolu-

tion of care, resulting in the need for updated guidelines.

Taking into account the above-mentioned and the importance
of implementing similar strategies in our country, this retro-
spective, observational cross-sectional study characterizing pe-
diatric patients with suspected and confirmed Duchenne
muscular dystrophy and spinal muscular atrophy was carried
out in a reference pediatric institution in the Colombian South-
west through the analysis of big data from medical records be-
tween the years 2015 and 2021.This study sought to
characteristically and multimodally characterize the selected
patients in order to collect this information, to be able to gen-
erate its own record taking into account the continuous ad-
vance in diagnostic methods and innovative and targeted
therapeutic options (hyperpersonalization medicine) and to be
able to follow up, re-contact patients and offer them personal-
ized, precise care that improves their quality of life, their fami-
lies, contributing to the generation of integrated and targeted

public policies.

MATERIALS AND METHODS

A retrospective observational cross-sectional study was con-
ducted, reviewing electronic Big Data medical records from
January 1, 2015, to December 2021 of patients under 18 years
of age belonging to a pediatric reference center in southwest-
ern Colombia. The aim was to characterize clinically, paraclini-
cally, imaging and molecularly patients with suspected and
confirmed Duchenne Muscular Dystrophy (DMD) and Spinal
Muscular Atrophy (SMA).954 medical records with ICD-10 diag-
noses related to neuromuscular diseases were analyzed, such
as G710 (Duchenne Muscular Dystrophy), G120 (Proximal
Spinal Muscular Atrophy), G120 (Autosomal Dominant Proxi-
mal Spinal Muscular Atrophy), G121 (Proximal Spinal Muscular

Atrophy Type 2, Type 3, Type 4), and G122 (Other Unspecified
Spinal Muscular Atrophies). Subsequently, 532 duplicate or
non-related medical records were eliminated from those asso-
ciated with the suspicion or confirmation diagnosis of DMD
and SMA, leaving 422 records. A random selection calculation
was performed using the OpenEpi version 3.01 program, ob-
taining 202 records after applying selection criteria. 103 medi-
cal records were excluded, resulting in a final sample of 99
medical records of children with suspicion and molecular con-
firmation of Duchenne Muscular Dystrophy and Spinal Muscu-
lar Atrophy, which were divided into two groups: 23 patients
suspected of SMA and 76 of DMD.These patients were seen in
the outpatient department of a pediatric institution in the city
of Cali, in southwestern Colombia. The study was approved by

the institution's ethics committee.

The data were recorded in a form that included all clinical, par-
aclinical, imaging, and molecular variables used for characteri-
zation. Data was systematized in a validated form filled out
directly by one of the authors and exported to an Excel office
365 Version 2403 matrix. A spreadsheet was then exported to
the IBM SPSS program version 29, and a univariate analysis was
performed after evaluation through exploratory analysis. Mea-
sures of central tendency and dispersion were used for numeri-
cal variables according to their distribution, and absolute
frequencies and percentages were used for qualitative vari-

ables.

RESULTS

During the study period (years 2015 - 2021), 954 patients con-
sulted the outpatient service of a pediatric institution in the
city of Cali - Colombia. After applying the selection criteria and
eliminating repeated data, 99 patients were included, divided
into two main groups: those with suspicion and confirmation
of Spinal Muscular Atrophy (SMA) and those with suspicion
and confirmation of Duchenne Muscular Dystrophy (DMD)
(Figure 1).

In the SMA group, 23 patients were identified, of which 9 pa-
tients were registered with a confirmed diagnosis through
molecular studies, and 3 of them had records of these results in
their medical records. In contrast, in the DMD group, 76 pa-
tients were found, with 22 patients having molecular confirma-

tion, but only 9 of them had notes on the test results (Table 1).
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The age at the time of evaluation, measured in months, was 58
for patients with suspicion and confirmation of Spinal Muscu-
lar Atrophy (SMA), while for those with suspicion and confirma-
tion of Duchenne Muscular Dystrophy (DMD), the average age
was 113.17 months; a greater predominance of affected males
was evidenced in the DMD group, while in the SMA group a
higher frequency in females was observed; the socioeconomic
stratum with the highest number of patients was low stratum
(stratum 2) with 21 cases (91.3%) for SMA and 72 cases (94.3%)
for DMD. Regarding the health insurance regime, a higher fre-
quency of care was recorded in the subsidized regime com-

pared to the contributory regime, the patients who consulted

Figure 1. Algorithm used in this study.

Identified cases on the
database by CIE10 (n:954)

Removed cases (n: 532)
e | -Duplicated or not associated with the

diagnosis of DMD or SMA.

Eliminated cases (n: 220)
- Using the OpenEpi ramdomized
selection algorithm.

n: 202

Eliminated cases (n: 103)
-After applying the exclusion criteria.

Analized cases (n: 99)

SMA (n:23) DMD (n:76)

Note: Source: Own elaboration. HC: Medical history,
DMD: Duchenne muscular dystrophy, SMA: Spinal
muscular atrophy.

the most mainly came from rural areas, with 13 cases (56.5%)
for SMA and 49 cases (64.5%) for DMD. As for schooling, 15
cases (65.3% de casos en el grupo de DMD.

Regarding schooling, 15 cases (65.2%) in the SMA group were
not attending school, while 39 cases (51.3%) in the DMD group

were attending basic primary education (Table 2).

Table 3 presents the clinical and paraclinical characteristics ob-
served in the suspected patients of the study sample. It was
found that the mean age of symptom onset, expressed in
months, was 21.17 + 28.37 for patients with suspected and
confirmed Spinal Muscular Atrophy (SMA), while for the
Duchenne Muscular Dystrophy (DMD) group it was 54. 93 +
29.11, muscle weakness was manifested in all cases, with an
earlier onset in patients with suspected and confirmed SMA,
measured in months 17.83 + 26.50 compared to the DMD
group 55.29 £ 29.36.

In addition, gait compromise was observed in both groups,
representing 78.3% in patients with suspected and confirmed
SMA and 98.7% in patients with suspected and confirmed
DMD with the presence of falls in 73.9% in the SMA group and
98.7% in patients in the DMD group, difficulty in running was
recorded in 60. 9% of confirmed and suspected SMA patients
and 98.7% in patients in the DMD group, as well as difficulty
climbing stairs in patients with suspicion and confirmation of
both pathologies of lower frequency with 47.8% in the SMA
group while 94. 7% in the DMD group, difficulty in getting up

Table 1. Classification and presence of molecular study of patients with DMD and SMA.

DISEASES
SMA (N=23) DMD (N=76)
CHARACTERISTICS
n (%) n (%)

CLASSIFICATION

Confirmed 9 (39.1) 22 (28.9)

Suspicious 14 (60.9) 54 (71.1)
MOLECULAR STUDY

No 14 (60.86) 54 (71.05)

Yes (report recorded in the medical record) 3 (13.04) 9(11.84)

Yes (report not recorded in the medical record) 6 (26.08) 13 (17.10)

DMD: Duchenne muscular dystrophy, SMA: Spinal muscular atrophy
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Table 2. Sociodemographic characteristics of patients with DMD and SMA.

DISEASES
SMA(N=23) DMD (N=76)
CHARACTERISTICS
n (%) n (%)

CURRENT AGE (Months) Mean - SD 58 + 57.81 113.17 £ 45.88
GENDER
Male 7 (30.4) 69 (90.8)
Female 16 (69.6) 7(9.2)
SOCIOECONOMIC STRATUM

1 0(0) 1(1.3)

2 21(91.3) 72 (94.7)

3 0(0) 2(2.6)

4 0(0) 1(1.3)

5 2(8.7) 0 (0)

6 0(0) 0 (0)
SOCIAL SECURITY

Contributory 1(1.0) 1(1.0)

Subsidized 22(99.0) 75(99)
GEOGRAPHICAL AREA

Rural 13(56.5) 49(64.5)

Urban 10(43.5) 27(35.5)
SCHOOLING

Preschool 2(8.7) 3(3.9)

Basic Primary 4(17.4) 39(51.3)

Basic secondary 2(8.7) 12(15.8)

Stocking 0(0.0) 1(1.3)

Unschooled 15(65.2) 21(27.8)

is described in patients with suspected and confirmed SMA in
65.2%, while it is less frequently recorded in 31.6% of patients
in the DMD group, tiptoe walking was recorded in patients
with suspected and confirmed DMD in 52. 6%, while it was not
described in 52.2% of patients in the SMA group, likewise, the
presence of hypertrophy of the gastrocnemius muscles was
more frequent in the DMD group, with 86.9% of cases, and it
was not described in 69.6% of the evaluated histories of pa-

tients with suspected or confirmed SMA.

As for the evaluation of muscle strength, this was affected in
both pathologies, representing 69.6% of patients in the SMA
group and 85.5% of patients with suspected and confirmed
DMD classified as grade 2, on the other hand the presence of
fasciculations was predominantly observed in patients with
suspected and confirmed SMA, representing 91.3% of patients,
and not found in 90. 8% of the DMD group, osteotendinous re-

flexes were compromised in both groups, with the presence of

areflexia in 65.2% of patients in the SMA group and hypore-
flexia in 86.8% of patients with suspected and confirmed DMD,
on the other hand, Gowers' sign was more frequent in 89.5% of
patients with suspected or confirmed DMD and was not found
in 52.2% of patients with suspected or confirmed SMA. The
presence of scoliosis was not described in the majority of pa-
tients in both groups 68.4% in DMD and 56.5% in patients in
the SMA group as was postural tremor of the fingers where
there was no data in 78.9% of the DMD group of patients and
87% in the SMA group of patients.

The presence of a history of hypotonia was found in both
groups analyzed, with 92.1% for the DMD group and 95.7% for
SMA. On the other hand, it was observed that most of the sus-
pected and confirmed cases of patients with Duchenne Mus-
cular Dystrophy (DMD) had a family history, with 88.2%, while,
in contrast, patients in the Spinal Muscular Atrophy (SMA)
group had no family history in 52.2% of the cases.
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Table 3. Clinical and Paraclinical Characteristics of Patients with DMD and SMA.

DISEASES
SMA (N=23) DMD (N=76)
CHARACTERISTICS
n (%) n (%)

AGE OF SYMPTOM ONSET
(Months) Medium - DE 21.17 + 28.366 54.93 + 29.111
AGE OF DIAGNOSIS
(Months) Medium - DE 42.11 + 38.028 98.82 + 34.908
MUSCLE WEAKNESS

No 0(0) 1(1.3)

Yes 23 (100%) 75 (98.7)
ONSET OF MUSCLE WEAKNESS

(Months) Medium - DE 17.83 (26.505) 55.29 (29.353)
FALLS

No 3(13.0) 1(1.3)

Yes 17 (73.9) 75 (98.7)

No data 3(13.0) 0 (0.0)
DIFFICULTY WALKING

No 2(8.7) 1(1.3)

Yes 18 (78.3) 75 (98.7)

No data 3(13.0) 0(0.0)
RUNNING DIFFICULTY

No 2(8.7) 1(1.3)

Yes 14 (60.9) 75 (98.7)

No data 7 (30.4) 0(0.0)
DIFFICULTY CLIMBING STAIRS

No 3(13.0) 1(1.3)

Yes 11 (47.8) 72 (94.7)

No data 9(39.1) 3(3.9)
DIFFICULTY GETTING UP

No 1(4.3) 6 (7.9)

Yes 15 (65.2) 24 (31.6)

No data 7(30.4) 46 (60.5)
WALKING ON TIPTOES

No 12 (52.2) 3(3.9)

Yes 0(0.0) 40 (52.6)

No data 11 (47.8) 33 (43.4)
GASTROCNEMIUS HYPERTROPHY

No 16 (69.6) 3(3.9)

Yes 0(0.0) 66 (86.9)

No data 7 (30.4) 7(9.2)
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Table 3. Continued.

STRENGTH
1 6 (26.1) 1(1.3)
2 16 (69.6) 65 (85.5)
3 1(4.3) 8(10.5)
4 0(0.0) 1(1.3)
5 0(0.0) 1(1.3)
TWITCHING
No 1(4.3) 69 (90.8)
Yes 21(91.3) 7(9.2)
No data 1(4.3) 0(0.0)
OSTEOTENDINOUS REFLEXES
Reflection 15 (65.2) 5 (6.6)
Hyporreflexia 6 (26.1) 66 (86.8)
Normal 0(0.0) 3(3.9)
Hyperreflexia 2(8.7) 2(2.6)
GOWERS SIGNS
No 12 (52.2) 4 (5.3)
Yes 4 (17.4) 68 (89.5)
No data 7 (30.4) 4 (5.3)
scoLlosis
No 5(21.7) 9 (11.8)
Yes 3(13.0) 12 (15.8)
Rotocholelysis 0(0.0) 1(1.3)
Right Convexity >60| 1(4.3) 0(0.0)
Severe Left Convexity 117° 1(4.3) 2 (2.6)
No data 12 (56.5) 52 (68.4)
POSTURAL TREMOR OF THE FINGERS
No 1(4.3) 16 (21.1)
Yes 2(8.7) 0 (0.0)
No data 20 (87.0) 60 (78.9)
HISTORY OF HYPOTONIA
Unknown 1(4.3) 4 (5.3)
No 0 (0) 2 (2.6)
Yes 22 (95.7) 70 (92.1)
FAMILY HISTORY
Unknown 6(26.1) 6 (7.9)
No 12 (52.2%) 3 (3.9%)
Yes 5(21.7) 67 (88.2)

In the assessment of cognitive and neurodevelopmental in-
volvement in the patients included it was found that in 38.2%
no record of cognitive disorder was found in the group of pa-
tients with suspected and confirmed diagnosis of DMD, it is re-
ported in 23.7% of patients included in the study, similarly, in
the group of SMA patients represented with 78. 3% there is no

data of cognitive disorder also for attention deficit hyperactiv-

ity disorder in 87% of patients with suspected and confirmed
Spinal Muscular Atrophy (SMA), and no data found in 40.8% of
patients in the DMD group, absence of autism spectrum disor-
der is described in 53.9% of patients with suspected and con-
firmed DMD and no data of it in 87% of the histories of
patients evaluated for SMA.
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Table 3. Continuation
COGNITIVE DISORDER

No 5(21.7) 29 (38.2)
Yes 0(0.0) 18 (23.7)
No data 18 (78.3) 29 (38.2)
ATTENTION DEFICIT HYPERACTIVITY DISORDER
No 3(13.0) 27 (35.5)
Yes 0(0.0) 18 (23.7)
No data 20 (87.0) 31 (40.8)
AUTISM SPECTRUM DISORDER
No 3(13.0) 41 (53.9)
Yes 0(0.0) 4 (5.3)
No data 20 (87.0) 31 (40.8)
CK LIFT
No 4 (17.4) 1(1.3)
Yes 14 (60.9) 71 (93.4%)
No data 5(21.7) 4 (5.3)
VALUE OF CK
< 400 IU/L 5(21.7) 1(1.3)
400 IU/L - 50,000 IU/L 13 (56.5) 71(934)
No data 5(21.7) 4(5.3)
AST ELEVATION
No 1(4.3) 0 (0.0)
Yes 3(13.0) 46 (60.5)
No data 19 (82.6) 30 (39.4)
AST VALUE
<41 UL 1(4.3) 7(9.21)
42 - 3000 IU/L 3(13.0) 39 (51.3)
No data 19 (82.6) 30 (39.4)
ALT ELEVATION
No 1(4.3) 2(2.6)
Yes 3(13.0) 36 (47.4)
No data 19 (82.6) 38 (50.0)
ALT VALUE
<40 IU/L 1(4.3) 1(1.3)
42 - 3000 IU/L 3(13.0) 36 (47.4)
No data 19 (82.6) 39 (51.3)

On the other hand, significant elevation of creatine kinase is
observed being more evident in patients with suspected and
confirmed DMD in 93.4% in contrast to the AME group repre-
senting 60.9% with values reaching a remarkably high range of
400 IU/L to 50,000 IU/L described in 93.4% in the group of sus-
pected and confirmed DMD patients and in 56. 5% in the
group of AME patients; AST levels between 42 1U/L and 3000 1U/
L are described in patients with suspected and confirmed

DMD, expressing 51.3%, no information of this variable was

found in patients of the AME group in 82.6%, as for ALT eleva-
tion in the DMD group levels of 42 - 3000 IU/L were found in
47.4% of patients and only in 13% of patients included in the
AME group. In the neuro conduction analysis (electromyogra-
phy), the presence of non-inflammatory myopathy was de-
tected in 11.8% of the patients in the group diagnosed with
Duchenne Muscular Dystrophy (DMD), on the other hand, in
the group of patients with Spinal Muscular Atrophy (SMA),

signs of denervation, polyneuropathy with axonal damage and
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Table 3. Continuation.

ELECTROMYOGRAPHY
No 2(8.7) 10 (13.2)
Yes 12 (52.2) 27 (35.5)
No data 6 (26.1) 24 (31.6)
Denervation 1(4.3) 0(0.0)
Motor neuron disease 1(4.3) 0(0.0)
Polyneuropathy axonal damage 1(4.3) 0(0.0)
Muscle fiber injury 0(0.0) 3(3.6)
Non-inflammatory myopathy 0(0.0) 9(11.8)
Muscular dystrophy 0(0.0) 1(1.3)
Myopathic pattern 0(0.0) 2(2.6)
BIOPSY
No 20 (87.0) 70 (91.10)
Yes 2(8.7) 3(3.9)
Damaged motor polyneuropathy 1(4.3) 0(0)
myelinated and axonal
Dystrophinopathic muscular dystrophy 0(0) 3(3.9)

DMD: Duchenne muscular dystrophy, SMA: Spinal muscular atrophy, Force 1: contraction in tendon zone without
movement, Force 2: movement without overcoming gravity, Force 3. movement against gravity, Force 4:
movement against gravity and overcomes moderate external resistance, Force 5: movement against gravity and
overcomes maximum external resistance, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, CK:
Creatine kinase, DMD: Duchenne muscular dystrophy, SMA: Spinal muscular atrophy.

muscle fiber lesion were identified representing 4. 3% for each
of them, in addition, biopsy reports with dystrophinopathic
muscular dystrophy were found in 3.9% of patients in the DMD
group, while 4.3% of biopsy reports of patients in the SMA
group showed motor polyneuropathy with myelin and axonal

damage.

The clinical, paraclinical and molecular characteristics of the
patients with molecular confirmation of Duchenne Muscular
Dystrophy are also detailed (Table 4). Age at evaluation, mea-
sured in months, was 130 + 47.0, with an age at symptom on-
set of 54.5 + 29.0 and an age at diagnosis of 98.8 £34.9. All
patients were male, with 20 of 22 belonging to socioeconomic
stratum 2 and 2 of 22 to stratum 3, all being beneficiaries of
the subsidized regime. Of these, 17/22 lived in rural areas and
5/22 in urban areas and, finally, 15/22 patients were attending

primary school, while 7/22 were not in school.

All patients had a family history of Duchenne muscular dystro-

phy, as well as a history of hypotonia, falls, difficulty walking,

(movement of limb, but not against gravity) in 18/22 patients
and level 3 (voluntary contractions that counteract gravity) in
4/18 patients. Osteotendinous reflexes, recorded as + (hypore-
flexia), were present in all confirmed DMD patients. Gowers
sign was observed in all 22 patients, while scoliosis was de-
scribed in 12 of them.Additionally, cognitive impairment was
registered in 12 patients, attention deficit hyperactivity disor-
der (ADHD) in the same amount, and less frequently, the autis-

tic spectrum was found in 4 out of 22 patients.

Levels of creatine kinase (CK) were observed between 400 IU/L
and 50,000 IU/L in all cases (22/22), furthermore, elevation of
alanine aminotransferase (ALT) and aspartate aminotransferase
(AST) was evidenced in ranges between 42 |U/L and 3,000 U/
L.Regarding neuroconduction studies (electromyography),
non-inflammatory myopathy was described in 9 out of 22
cases, muscle fiber injury in 3 out of 22, muscular dystrophy in
1 out of 22, myopathic pattern in 2 out of 22, and no findings
were recorded in 7 out of 22 patients. As for the biopsy records,

dystrophinopathic muscular dystrophy was found in 3 out of

running, climbing stairs, getting up, tiptoe walking, and calf 22 patients.
hypertrophy. Muscle strength was categorized as level 2
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Table 4. Clinical, paraclinical, and molecular characteristics of patients confirmed with DMD.

Variable Confirmed DMD patients, N = 22 (28.9%)
Current age (months), mean - 130 £47.0
from
Onset of symptoms (months) 545+29.0
Diagnostic age (months) 98.8 +34.9
Variable Result Patients
Gender Male 17
Female 5
Stratum 2 20
3 2
Social security Subsidized 22
Geographical area Rural 17
Urban 5
Schooling Basic Primary 15
Unschooled 7
History hypotonia Yes 22
Family History Yes 22
Falls Yes 22
Difficulty walking Yes 22
Difficulty running Yes 22
Difficulty climbing stairs Yes 22
Difficulty getting up Yes 22
Tiptoe Walk Yes 22
Gastrocnemius hypertrophy Yes 22
Strength 2 18
3 4
ROT + 22
Sign Gowers Yes 22
Scoliosis Yes 12
No data 10
Cognitive disorder Yes 12
No 6
No data 4
ADHD Yes 12
No 6
No data 4
Autism spectrum Yes 4
No 14
No data 4

Finally, in terms of the molecular testing results recorded in the
clinical history, 5 out of 9 patients reported genetic confirma-
tion through complete exome sequencing, 3 out of 9 through
Multiplex Ligation-dependent Probe Amplification (MLPA), and
1 out of 9 through sequencing of the specific DMD gene.
Among the types of alterations reported were: 3 cases of path-
ogenic unspecified premature stop codon in hemizygous form,
2 cases of deletion of exons 45 to 52, 2 cases of deletion of ex-
ons 46 to 55, 1 case of deletion of exons 48 to 50, and 1 case of

homozygous DMD.Unspecified pathogenic.

Regarding the clinical, paraclinical, and molecular characteris-

tics of patients with a confirmed diagnosis of Spinal Muscular

Atrophy (SMA) (Table 5). The age at the time of evaluation,
measured in months, was 46.3 + 47.4, with symptom onset at
28.9 = 37.7 months and a diagnosis made at 37.9 + 38.2
months. SMA was more frequent in males, with 6/9 patients, all
patients belonged to stratum 2 with a subsidized health regi-
men. In terms of geographical origin, 7/9 patients came from
rural areas and were not attending school, all had a history of
hypotonia, no family history of the disease was recorded in any
of the cases, some patients reported falls (3/9) and difficulty
walking (4/9), while others did not have records of these data,
difficulty running was not reported in most evaluated medical
records (7/9).
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Table 4. Continuation

CK Elevation 400 IU/L - 50,000 1U/L 22
AST Lift 42 — 3000 IU/L 22
ALT Elevation 42 — 3000 IU/L 22
Electromyography Non-inflammatory myopathy 9
Muscle fiber injury 3
Muscular dystrophy 1
Myopathic pattern 2
No data 7
Biopsy Dystrophinopathic muscular dystrophy 3
No data 19
Type of exam Whole exome 5
MLPA 3
DMD gene sequencing 1
Report not registered in HC 13
Molecular test DMD: Pathogenic homozygosis 3
premature stop codon not specified
DMD Homozygous (pathogenic) 1
unspecified
Deletion of exons 45 to 52 2
Deletion of exons 46 to 55 2
Deletion of exons 48 to 50 1
Report not registered in HC 13

DMD: Duchenne muscular dystrophy, Stratum 2: Low, Stratum 3: Medium-low, Force 2: limb movement but not
against gravity, force 3: voluntary contractions counteracting gravity, ROT: osteotendinous reflexes: +: Hyporeflexia,
ADHD: Attention deficit hyperactivity disorder, CK: Creatin kinase, AST: Aspartate aminotransferase, ALT: Alanine
aminotransferase, MLPA: Multiplex Ligation-dependent Probe Amplification, HC: Clinical history.

Muscle strength was classified as level 2 in most patients (5/9),
and the presence of fasciculations was described in all cases,
osteotendinous reflexes were classified as 0 (areflexia), and no
data were found on scoliosis in 5/9 patients. As for cognitive
disorders, it was not reported in most patients (5/9), as well as
for attention deficit hyperactivity disorder (ADHD) and autism
spectrum disorder, for which no data were found in any of the

patients.

Elevation of creatine kinase (CK) was found with levels below
400 IU/L in 5/9 patients, with no recorded data of levels of as-
partate aminotransferase (AST) and alanine aminotransferase
(ALT); as for electromyography, denervation was described in
1/9 patients, motor neuron disease in another, and polyneu-
ropathy with axonal damage in a third, with no recorded data
for 6/9 patients.The biopsy report describes motor polyneu-
ropathy with myelinic and axonal damage in 1/9 patients,
while 6/9 did not have a biopsy record; regarding molecular
confirmation, MLPA probe amplification was performed on 3/9
patients, while the molecular test result was not recorded in
the medical history for diagnostic confirmation in 6/9 patients.
Homozygous deletion of exon 7 of the SMN1 gene was de-
scribed in one patient, heterozygous deletion of exon 8 of the

SMN2 gene in another patient, and two copies of the SMN2

gene in a third patient, with no description of the test in 6/9

confirmed patients.

Elevation of creatine kinase (CK) was reported, with levels be-
low <400 IU/L, without evidence of elevation of ALT or AST en-
zymes; concerning electromyography results, motor neuron
disease was found in 1/3 patients, polyneuropathy with axonal
damage in 1/3, and denervation in the last patient.The biopsy
report revealed a motor polyneuropathy with myelinic and ax-
onal damage in 1/3 patients, while no specific data were

recorded in the other 2 cases.

DISCUSSION

This study is an observational cross-sectional analysis focused
on neuromuscular diseases, specifically Duchenne Muscular
Dystrophy (DMD) and Spinal Muscular Atrophy (SMA). The
database comes from patients with suspicion and confirmation
of SMA and DMD, representing the first documented registry in
southwestern Colombia and in the referring institution where

the data was collected between the years 2015 to 2021.

After evaluating 954 patients with ICD-10 codes for neuromus-
cular diseases, we selected 99 patients after applying specific

criteria. Of these, 23 (23.2%) had suspicion of Spinal Muscular
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Table 5. Clinical, paraclinical, and molecular characteristics of patients confirmed with SMA.

Confirmed SMA patients, N = 9 (39.1%)

Variable
Mean Age (Months) - SD 4631474
Onset of symptoms (months) 289+ 37.7
Diagnostic age (months) 37.9+38.2
Variable RESULT PATIENTS
Gender Male 3
Female 6
Stratum 2 9
Social security Subsidized 9
Rural 7
Geographical area Urban 2
Schooled 2
Schooling Unschooled 7
History hypotonia Yes 9
Family History Yes 2
No 7
Falls Yes 3
No 3
No data 3
Difficulty walking No 2
Yes 4
No data 3
Difficulty running Yes 2
No data 7
Difficulty climbing stairs Yes 5
No data 4
Difficulty getting up Yes 4
No data 5
Tiptoe Walk No 9
Strength 1 4
2 5
Twitching Yes 9
ROT 0 9
Scoliosis Yes 2
No 5
No data 2
Cognitive disorder No 5
No data 4
ADHD No 3
No data 6
Autism spectrum No data 9
CK Elevation <400 IU/L 5
No data 4
AST Lift No data 9
ALT Elevation No data 9

SMA: Spinal muscular atrophy, Stratum 2: Low, Strength 1: Contraction without movement, 2: Limb movement but
not against gravity, ROT: Osteotendinous reflexes 0: Arreflexia, ADHD: Attention deficit hyperactivity disorder, CK:
Creatine kinase, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, MLPA: Multiplex Ligation-
dependent Probe Amplification, HC: Medical History
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Atrophy (SMA) and 76 (76.7%) of Duchenne Muscular Dystro-
phy (DMD). Molecular confirmation showed that 9/23 (39.1%)
cases of SMA and 22/76 (28.9%) cases of DMD were confirmed.

Duchenne Muscular Dystrophy (DMD) is a recessive X-linked
disease. This implies that the risk of recurrence in a carrier
woman is 50% for sick children and 50% for healthy children.
Diagnosis in a family requires identifying carrier women in or-
der to offer adequate genetic counseling. The prevalence of

the disease is 1 in 5,000 male newborns [6].

Early diagnosis of Duchenne Muscular Dystrophy (DMD) is cru-
cial to prevent serious complications. In this study, it was ob-
served that the age of symptom onset in confirmed DMD
patients was 54.5 + 29.0 months, while the age at diagnosis was
98.8 + 34.9 months. Previous studies by Crisafulli et al. [14], Salas
et al. [15], Eslava Otalora et al. [16], and Li et al. [17] support the
importance of early diagnosis, highlighting the early onset of
the disease during childhood.The continuous need to improve
early detection of signs and symptoms of DMD is emphasized,

especially through monitoring psychomotor development.

Duchenne Muscular Dystrophy (DMD) mainly affects males
due to a single altered copy of the gene on their X chromo-
some, while carrier females, who have one altered copy, usu-

ally do not present severe symptoms [18].

Table 5. Continuation.

According to our study, 77.2% of confirmed cases of DMD were
males, while 22.7% were females, which can be explained by
the process of random X chromosome inactivation, known as
lyonization [7]. This process of random inactivation of one copy
of the X chromosome in females may influence the severity of
the symptoms presented.In our study, after evaluating factors
such as socioeconomic status, social security, geographic loca-
tion, and educational level, we decided to focus on birthplace
rather than medical care site, given the difficulty of access to

health services in certain areas of the country.

We observed that the majority of patients belonged to the low
stratum (Stratum 2), representing 90.9% of confirmed cases
and 94.7% of the total patients. All confirmed patients and 99%
of the total were affiliated with the subsidized regime. In terms
of geographic location, 77.2% of confirmed patients and 64%
of the total came from rural areas. Additionally, 68% of con-
firmed patients were attending primary education, with this
percentage being 51% for the total patients with Duchenne
Muscular Dystrophy (DMD). Rangel et al.2012 [19] suggests
that dystrophinopathy is panethnic, implying a distribution of
patients in all regions of the country. On the other hand, Eslava
Otalora et al. 2016 [16] analyzed data from 99 patients be-
tween 2006 and 2015 at the IPS Quinta Mutis of the Universi-
dad del Rosario (Bogotd), taking into account their place of

birth to see their distribution. Their study revealed that 31.31%

Electromyography

Motor neuron disease
Polyneuropathy axonal damage

Denervation

No data

Biopsy

Motor polyneuropathy with

RN o) I QUG

myelinated and axonal damage

Yes
No

Type of exam

Report not registered in HC

MLPA

Molecular test

Deletion in homozygous exon 7

=[O WO N

SMN1 gene

Deletion in heterozygosity exon 1
8 SMN2 gene
Two SMN2 gene copies 1

Report not registered in HC

6

SMA: Spinal muscular atrophy, Stratum 2: Low, Strength 1: Contraction without movement, 2: Limb movement but
not against gravity, ROT: Osteotendinous reflexes 0: Arreflexia, ADHD: Attention deficit hyperactivity disorder, CK:
Creatine kinase, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, MLPA: Multiplex Ligation-

dependent Probe Amplification, HC: Medical History
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of the total patients diagnosed with DMD were concentrated in

Bogota.

Duchenne Muscular Dystrophy (DMD) is a disease that causes
significant disability due to muscle weakness, and its clinical
expression follows a stereotyped and predictable course in
most cases. The absence of dystrophin in skeletal, cardiac, and
brain muscle is responsible for the main manifestations of the
disease.The first motor signs usually manifest before the age of
3, such as walking delay, frequent falls or walking on tiptoes.
This muscular weakness progresses gradually until the loss of
walking occurs in adolescence, with a mean age of 9.5 years

according to previous studies [15].

Regarding the clinical findings of this population, it is essential
to determine if the distribution of weakness is predominantly
proximal, distal or generalized; it is also useful to identify fac-
tors that worsen or help with the primary symptoms, including
hypotonia being a clinically significant finding in the examina-
tion of children with neuromuscular disorders.Several studies
have confirmed that this variable is central and represents
more than 80% of the cases analyzed [40], furthermore, Sil-
vestri [41] points out in his research that hypotonia remains the
most common reason for referring children to the pediatric
electrodiagnostics laboratory, considering that muscle weak-
ness is a common feature in many neuromuscular disorders. In
our study, all patients confirmed with Duchenne Muscular Dys-

trophy (DMD) had a history of hypotonia.

In terms of the presence of falls, difficulty running, climbing
stairs, standing up, walking on tiptoes, calf hypertrophy, Gow-
ers sign, hyporeflexia, and decreased strength were observed
in all patients diagnosed with Duchenne Muscular Dystrophy
(DMD), data that are supported by previous studies such as Ca-
macho A. et al. 2014 [29].The consideration of these parame-
ters is essential when evaluating patients, as they reflect
fundamental aspects of disease progression and impairment,
allowing for more precise monitoring and early intervention to

improve patients' quality of life.

Furthermore, the absence of data on scoliosis in the findings
suggests that precise data cannot be determined. Scoliosis in
patients with Duchenne muscular dystrophy (DMD) is progres-
sive and often requires surgical treatment. As indicated by

Dabaj et al. (2021), scoliosis and other spine deformities, along

with their surgical and non-surgical treatments, the onset of
bone fractures, other orthopedic surgeries, and mobility are
essential elements for diagnosis and treatment. The lack of ac-
curate information on these aspects hinders a comprehensive
understanding and proper approach to scoliosis in these pa-

tients.

Regarding cognitive and neurodevelopmental impairment,
this deterioration, apparently independent of motor impair-
ment, is recognized as a characteristic in approximately one-
third of DMD patients, as discussed by Alessandro et al. in their
research [22], and delayed global development or language
development may constitute an early sign of this impairment
[39]. In our study, it was observed that 54.5% of confirmed pa-
tients had cognitive disorder, which represents 23.7% of the
total patients. Additionally, it was found that 54.5% of con-
firmed patients also had a diagnosis of Attention Deficit Hyper-
activity Disorder (ADHD).

The history of family members with DMD and consanguinity
serve as a warning for primary care physicians, so this should
always be investigated in cases of hypotonic children [7]. In our
study of medical records evaluated for DMD, 88.2% of the pa-
tients described having a family history, in contrast Li et al.,
2015 reports 23.1% of affected relatives in the family for DMD,
hence considering family history is essential for early detection
and diagnosis in order to conduct a comprehensive evaluation
and transdisciplinary management, allowing for more person-
alized medical care focused on the specific needs of each pa-

tient and their family.

Regarding laboratory findings, Salas et al. 2014 describes an el-
evation of creatine kinase (CK) 10-100 times above its normal
value from birth, a finding present in all patients with con-
firmed DMD diagnosis representing 93.4% of the total evalu-
ated patients. Additionally, an elevation of aminotransferases
(alanine aminotransferase and aspartate aminotransferase)
was observed in all confirmed patients, supported by data
from Birnkrant D. et al.2020 [20] and the study by Avaria Maria
de los Angeles et al.2012 [38], where it is concluded that chil-
dren with Duchenne Muscular Dystrophy present an increase
in the enzymes aspartate aminotransferase (AST) and alanine
aminotransferase (ALT), which are mainly liver enzymes but are

also present in skeletal muscle.
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Findings in electrophysiological tests in confirmed patients
were reported, including non-inflammatory myopathy in 9/22
patients, muscle fiber injury in 3/22 patients, myopathic pat-
tern in 2/22 patients, and in one case, muscular dystrophy was
identified. However, it is important to note that electromyogra-
phy is not able to discriminate the type of myopathy, as
pointed out by Salas, A.C. in his 2014 study [15].Pathological
study through muscle biopsy, despite being an invasive test, is
relevant for the management of patients with muscle fiber
compromise and indicated as part of the primary approach in
patients with progressive symmetrical dominant proximal

weakness.

This is supported by studies such as the ones conducted by
Hwang, et al 2017 [37] and not performed in the majority of pa-
tients included in the study. Early and accurate diagnosis of the
disease is an essential part of an effective management strategy,
as treatment guidelines and prevention through counseling
should be initiated as soon as possible, especially because there

are now therapies available for a subset of patients.

Regarding molecular genetic testing, Salas, A. C.2014 [15],
points out that it is preferable to start the analysis with this
type of tests, as they are less invasive and considered the stan-
dard and most reliable way to diagnose neuromuscular dis-
eases. These tests can confirm the diagnosis of Duchenne
Muscular Dystrophy (DMD), which facilitates precise genetic
counseling [39]. In our study, we found that out of 9/22 con-
firmed patients, they had the report of these tests but with in-
complete records. Of these, 5/9 had undergone whole exome
sequencing, 3/9 had undergone Multiplex Ligation-dependent
Probe Amplification (MLPA) technique, and 1/9 had undergone
sequencing of the DMD gene.

In general, the most common variants are deletions, as indi-
cated by Aartsma-Rus A et al.2016 [5], indicate that Duchenne
muscular dystrophy (DMD) is caused by mutations in the DMD
gene that encodes dystrophin, highlighting large deletions
and duplications as the most common, although small muta-
tions have also been identified. This same pattern was ob-
served by Eslava Otélora et al. in 2016 [16], who recorded
deletions in 69.73% of the patients. In our study, we found
deletions in 55.5% of the patients confirmed through molecu-
lar analysis in their medical records as follows: of the 9 patients

with confirmed deletions, 2 had deletions in exons 45-52, an-

other 2 in exons 46-55, and 1 patient had a deletion in exons
48-50. It is important to mention that there were no records of
deletions in the medical history of 13 out of the total 22 con-

firmed patients.

The different variables described in the analysis of the results
emphasize that paraclinical studies are an extension of the
physical examination and help guide additional diagnostic
studies, such as molecular genetic studies and muscle and
nerve biopsies, as expressed by Mallik and Wei [24]. All diag-
nostic information should be interpreted not in isolation, but
within the context of relevant historical information, family his-
tory, physical examination findings, and laboratory data, which
should be systematically and clearly documented in medical
records to record all patient information. This translates into
the clinical information of patients with neuromuscular dis-
eases being of vital importance in establishing treatments and
clinical follow-up.lt is crucial to highlight the importance of
keeping thorough records in medical histories, given the con-
tinuous emergence of new therapeutic options, these records
not only enable the offering of specific therapies, but also the
adaptation of treatments as new therapeutic alternatives arise,
therefore, an accurate diagnosis requires the active participa-
tion of families and patients, facilitating the early identification
of symptoms and opening opportunities for possible treat-
ments, especially in the context of the advancement of innova-
tive therapies. In the case of degenerative and progressive
neuromuscular diseases, such as Duchenne Muscular Dystro-
phy (DMD), informing families about the available treatment
options is fundamental, a recent example is the approval by
the FDA of a new drug, Duvyzat-givinostat, an oral medication

for patients aged 6 or older with DMD [25].

On the other hand, Spinal Muscular Atrophy (SMA) is a heredi-
tary disease that affects the cells of the anterior horn of the
spinal cord, causing progressive weakness in the proximal
muscles, as detailed by Schorling et al. This condition, with au-
tosomal recessive inheritance, affects both men and women
equally, requiring the presence of two copies of the gene, one
from each parent, for its manifestation; the probability that
these parents will have an affected child is 25% in each preg-
nancy. The estimated prevalence of SMA is around 1 case per
10,000 newborns. In Colombia, the scarcity of published stud-
ies on this disease and the lack of widespread awareness to

conduct carrier studies at the population level, especially in
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rare diseases, hinder the obtaining of accurate statistics on its

incidence and prevalence.

In our study, we observed that the onset of symptoms of
Spinal Muscular Atrophy (SMA) occurred at 28.9 + 37.7 months.
These data vary depending on the clinical classification, which
is divided into five subtypes based on age of onset and sever-
ity, as detailed in the study by Cardona et al., 2022 [26]. Accord-
ing to their research, the age in months for SMA type | was 1
month, for SMA type Il was 9 months, and for SMA type Ill was
30 months. Additionally, regarding age at diagnosis, Franco
ToAdnez et al.,, 2021 [27] indicate a median age at clinical and
genetic diagnosis of 6 months, while Urrutia-Osorio et al., 2020
[11] report an average age at diagnosis of 30.81 months, with a
median of 23 months, and a range from 2 to 108 months. In
contrast, in our study, we found an age at diagnosis of 37.9 +
38.2 months.The variation in age at diagnosis can be attributed
to several factors, such as tolerance for delays in developmen-
tal milestones, lack of knowledge about the disease, lack of
timely access to specialist evaluations, and delays in diagnostic
testing. These deficiencies are characteristic of our healthcare
system and suggest that the onset of symptoms may occur even
earlier, highlighting the importance of continuing to work on
early detection of signs and symptoms of these diseases, espe-

cially in monitoring psychomotor development.

Regarding the gender of the patients analyzed, SMA had a
greater impact on the female gender representing 66.6% of con-
firmed patients and 69.6% of the total patients. Ar Rochmah, et
al, [28] reports that in their study, there were no significant gen-
der differences in the number of patients with SMA type 1 or 2,
and Urrutia-Osorio et al,, 2020 [11] reports that there is a pre-
dominance in the incidence of spinal muscular atrophy in male
patients. A study, carried out in mouse models, suggests that the
intracellular antigen restricted to T-1 cells (TIA1), which regulates
the splicing of exon 7 in spinal muscular atrophy, could be a

gender-specific disease modifier [30].

When analyzing socioeconomic aspects, social security cover-
age, geographic location, and educational level, considering
barriers to accessing medical care in certain areas of the coun-
try, we decided to evaluate distribution based on the country
of birth instead of the place of medical care. We found that all

patients with confirmed diagnoses belonged to the Low Stra-

tum (Stratum 2), representing 100% of cases and covering
91%.3% of the total patients, also, all confirmed patients were
affiliated with the subsidized regime, which represents 99% of
the total patients. Additionally, 77.7% of confirmed patients
and 56.5% of the total came from rural areas, and 77.7% of
confirmed patients, along with 65.2% of the total, were not en-
rolled in school. There are no publications of studies in the
Colombian population that report case series with these char-
acteristics, only isolated case reports were found. It is possible
that it is an underdiagnosed and poorly informed disease in

Colombian literature.

In relation to the clinical findings in this population, it is crucial
to determine if weakness mainly manifests proximally, distally,
or generalized.Additionally, it is useful to identify factors that
may exacerbate or alleviate the primary symptoms; for exam-
ple, a history of muscle spasms could indicate fasciculations,
while tremor or balance issues could be related to distal weak-

ness or overlapping cerebellar involvement [26].

In our study, we observed that 73.9% of all patients experi-
enced falls, while 3/9 confirmed SMA patients presented this
symptom. Furthermore, 78.3% of all patients and 4/9 con-
firmed patients showed gait difficulties. Regarding difficulty
running, 60.9% of all patients experienced it, although specific
data for confirmed patients were not obtained.Difficulty climb-
ing stairs affected 47.8% of the complete sample and 5/9 con-
firmed patients, while difficulty standing up was reported in
65%.2% of all patients and in 5/9 confirmed patients, the de-
crease in muscle strength was evident in all patients, while fas-
ciculations were described in 91.3% of all patients and in all
confirmed cases. Finally, areflexia was present in all confirmed

patients, representing 65.2% of the total sample.

In contrast, Urrutia-Osorio et al., 2020 [11] reported lingual fasci-
culations in 86.7% for SMA type |, 46.2% for SMA type I, but it
should be noted that lingual fasciculations can be observed in
other conditions: hypoxic-ischemic injury, Moebius syndrome,

Pompe disease, and bulbomedullary compression [31,32].

Spinal muscular atrophy (SMA) is one of the main causes of pe-
ripheral hypotonia, as described by Suarez et al., in 2018 [33].
In our study, we found a history of hypotonia in 95%.7% of all

evaluated patients, including all confirmed patients with SMA.
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This finding is consistent with the study by Franco Tofidnez et
al., in 2021 [27], which also notes that hypotonia is one of the
most common symptoms and a frequent reason for consulta-
tion in children with SMA, and with Valencia et al., 2015 [34]
where they report hypotonia in 100% of patients.

Regarding cognitive function, this finding is not described in
78.3% of the total patients; likewise, there are no recorded data
in confirmed patients. However, when observing these physi-
cal limitations imposed by the disease, it is important to em-
phasize that SMA does not affect the learning ability and
intelligence of these individuals, that is, cognitive function is
preserved. However, although there is no direct implication on
cognitive function, deprivation of stimuli and contact with the
environment can affect the development of language and

learning in patients [35].

The presence of a family history of spinal muscular atrophy is
an important sign that the primary care physician should take
into account, especially when evaluating children with hypoto-
nia. Cardona et al. 2022 reported that 21.4% of patients with
SMA had affected family members; in contrast, our study found
that 21.7% of all patients had a family history of SMA. A study
conducted in Medellin revealed that 13.7% of patients had
affected family members. This finding is relevant because
spinal muscular atrophy is one of the most common autoso-
mal recessive diseases, highlighting the importance of offering

genetic counseling to the relatives of affected children.

Regarding laboratory findings, creatine kinase (CK) is usually
found within normal limits or slightly elevated, reaching 2 to 4
times above the normal value, as detailed in the study by Urru-
tia-Osorio et al.,, in 2020. In our study, we observed that 21.7%
of total patients and 5 out of 9 confirmed patients had a mild
elevation in CK (< 400 IU/L), a finding that has also been re-
ported by authors such as Ramos-Aguirre M. C. et al. in 2017.
No records of elevated aminotransferases were found in the re-
view of medical histories.Although genetic tests are widely
available, electromyography (EMG) continues to be used in
many cases due to its widespread accessibility. In most cases,
EMG reports a neurogenic denervation pattern, as reported by
Franco ToAanez et al. in 2021.In our study, we found reports of
denervation, polyneuropathy with axonal damage, and motor
neuron disease, representing 3/23 patients (12.9% of the total

cases), and in 3/9 confirmed patients.

Pathological study through muscle biopsy was not performed
in most of the patients included in the study, despite being in-
dicated as part of the primary approach in patients with domi-
nant progressive symmetrical proximal weakness. This
approach is supported by studies such as those conducted by
Hwang et al. [37]. Early and accurate diagnosis of the disease is
essential for an effective management strategy, as care guide-
lines and prevention through counseling should be initiated as
soon as possible, especially now that therapies are available for

a subset of patients.

Molecular genetic testing is the most reliable way to diagnose
neuromuscular diseases, as supported by research conducted in
Egypt by Hassan and colleagues [42]. According to this study,
these tests can confirm the disease in approximately 94% of
cases of Spinal Muscular Atrophy (SMA). The importance of early
molecular diagnostics lies in the ability to manage patient care

effectively, as SMA has a narrow therapeutic window.

In our study, we found that out of the 9 confirmed patients, 3
of them had molecular testing done using Multiplex Ligation-
dependent Probe Amplification (MLPA). However, the reports
obtained from these tests were incomplete, which prevented a
comprehensive evaluation of the results.Regarding the other 6
confirmed patients, no detailed information about the molecu-
lar test performed was recorded. Instead of a detailed test re-
port, a general description of the diagnosis confirmation was
provided, without specifying the details of the technique used
or the specific results obtained.

Spinal Muscular Atrophy (SMA) is mainly caused by homozy-
gous deletions in the SMN1 gene, which account for approxi-
mately 95% of cases, as noted by Castiglioni et al. [3]. In
comparison to these findings, the diagnosis of SMA is guided
by the guidelines proposed by Kariyawasam et al., which in-
clude a comprehensive analysis of a history of motor difficul-
ties, proximal muscle weakness, reduced or absent deep
tendon reflexes, and evidence of motor unit disease.Further-
more, the identification of pathogenic biallelic variants in the
SMN1 gene through molecular analysis, along with specific
testing and evaluation of an increase in the number of copies
of SMN2, is required, which may influence the phenotype of
the disease [43]. These strategies provide a more solid ap-

proach for the diagnosis and monitoring of patients with SMA.
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Lastly, it is crucial to develop the ability to differentiate be-
tween Duchenne Muscular Dystrophy (DMD) and Spinal Mus-
cular Atrophy (SMA), as they present notable differences in
both clinical and paraclinical aspects. DMD is characterized by
progressive muscle weakness, cardiopulmonary complications,
a higher incidence in males due to X-linked inheritance, signifi-
cant elevations in creatine kinase (CK), and variants in the DMD

gene that affect dystrophin production.

On the other hand, AME presents with weakness and predomi-
nant muscle atrophy, especially in the motor neurons of the
spinal cord and brainstem, and is characterized by the frequent
presence of fasciculations, attributable to variants in the SMN1
gene that affect the survival of motor neurons. This differentia-
tion is essential for accurate diagnostic evaluation and the for-
mulation of specific therapeutic strategies for each disease,
contributing to optimize clinical outcomes and the quality of

life of patients.

CONCLUSIONS

This study constitutes the first retrospective, observational cross-
sectional analysis of the search and characterization of pediatric
patients with suspicion and/or diagnosis of AME and DMD
through related ICD-10 codes. It represents the first documented
registry in the southwest of Colombia and in the institution where

the data was collected during the period from 2015 to 2021.

Neuromuscular diseases are showing an increase in their
prevalence, suggesting the need for greater attention and re-
sources to address this public health problem in Latin Ameri-
can countries. These diseases, of genetic origin, could benefit
from screening programs for early detection and effective
management. Unfortunately, in most countries in the region,
the lack of screening programs limits the ability to identify and

diagnose these conditions at early stages.

Timely diagnosis of neuromuscular diseases can have a signifi-
cant impact on the prognosis and quality of life of patients, as
it allows access to appropriate and timely treatment options.
However, the follow-up of these patients can be difficult due to
barriers to access to the healthcare system, including a lack of
trained specialists and adequate resources. Additionally, the
lack of patient re-contact to offer them advanced therapeutic
options and cutting-edge diagnostic tests highlights the need

to improve healthcare systems and patient follow-up.

The lack of a complete and updated registry of patients with
neuromuscular diseases in robust databases also represents a
challenge for research and health policy planning in the re-
gion, so it is crucial to have a complete record of all the infor-
mation of each patient in systematized medical records, in this
case, including the detailed study of the genetic variants found
as this information is essential to guide treatment towards new
therapies related to the identified variants (hyperpersonalized
medicine). The availability of accurate and updated data allows
for more precise and targeted medical care, thus optimizing
therapeutic outcomes and improving the quality of life of pa-
tients affected by these variants.It is imperative to continue ad-
vancing in the integration and analysis of molecular data to
drive the development of more specific and efficient therapies

in the field of medicine.

Finally, knowledge of pathologies such as Duchenne Muscular
Dystrophy (DMD) and Spinal Muscular Atrophy (SMA) is crucial
for healthcare professionals in several aspects. Firstly, by un-
derstanding the differences in signs and symptoms between
these diseases, doctors can diagnose more accurately and
early, allowing for appropriate interventions and treatments to
be initiated at critical stages. Secondly, detailed knowledge of
these conditions is essential for long-term care planning and
management of potential complications. Additionally, access
to updated information on SMA and DMD allows healthcare
professionals to educate patients and their families, search for
carriers, or other affected individuals in the family, as well as
provide emotional and psychological support, ensuring com-
prehensive and personalized careln summary, mastery of
these pathologies by healthcare professionals is essential to
improve clinical outcomes and impact on quality of life, mor-
bidity, and mortality attributed to these pathologies.
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