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EDITOR'S NOTE

Measles is Back So Get INTIMATE with Measles!

Measles is spreading through several states. We all need to be vigilant to prevent, diagnose, isolate, and report
measles. There is no specific treatment of measles so prevention of measles is key. Prevention with vaccine, high
index of suspicion, prevention with isolation and involving the department of health for contact investigation. The
poster below may help as a reminder. FCA AP also has excellent resources available at fcaap.org/members/resources.

Be .N.T.LM.ATE.

Isolate Isolate any suspected and confirmed
case of measles

Notify Notify the health department of any
confirmed cases and potential exposure

Test Follow CDC guidance and recommendations
for testing

Immunize Immunize any exposed eligible children ASAP

Manage  Manage with and in coordination with
localhealth departments

Advocate Advocate for immunization for all
eligible children

Travel Children 6 months of age and older
who are traveling should be immunized
against measles

Educate  Educate your families and community
about measles and importance of
immunization and isolation when eligible.

Intellectual work product of Mobeen Rathore, MD
Images: CDC; Materials developed by CDC; Tatiana Lanzieri, MD, MPH

Mobeen H. Rathore, MD, CPE, FAAP, FPIDS, FSHEA, FIDSA, FACPE
Editor, The Florida Pediatrician

The author(s) of each article appearing in this Journal is/are solely responsible for the content thereof; the publication of an article shall not constitute or be deemed to constitute any
representation by the Editors or the Florida Chapter of American Academy of Pediatrics, Inc., that the data presented therein are correct or sufficient to support the conclusions reached
or that the experiment design or methodology is adequate. Additionally, the views and comments expressed in the Editor's Note are the personal views and opinions of the author and
do not necessarily reflect the views, opinions, or position of the entire Editorial Board or the Florida Chapter of American Academy of Pediatrics, Inc.
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REVIEW ARTICLE

A New Era in the Treatment of Rare Neurological

Disorders with Gene Transfer Therapy

Bailey Hamner, MD'; Emma Johnson, MD?; Maria Gieron-Korthals, MD?

'Department of Internal Medicine (Internal Medicine-Pediatrics), University of Michigan, Ann Arbor, Michigan
’Department of Pediatric Neurology, Johns Hopkins University, Baltimore, Maryland

*Department of Pediatric Neurology, University of South Florida Morsani College of Medicine, Tampa, Florida

ABSTRACT

In this review article, we discuss important developments in the diagnosis and treatment of spinal muscular atrophy that dramatically
altered the course of the disease, which is historically fatal by age two. The addition of spinal muscular atrophy to Florida’s Newborn
Screening Program in 2020 significantly impacted outcomes in infants with spinal muscular atrophy, as they now attain earlier
diagnosis (often before symptom onset) and, thus, earlier treatment. Until 2016, the mainstay of treatment was supportive care. Since
then, three gene therapies have been FDA-approved, the newest of which is a one-time gene transfer that shows great promise in
reducing morbidity and mortality for infants with spinal muscular atrophy. Today, patients with spinal muscular atrophy are living
longer and reaching motor milestones rarely, if ever, achieved in historical patients. We discuss the results of clinical trials, spinal
muscular atrophy gene therapy mechanisms, safety profiles, and post-infusion monitoring. We include two cases from our spinal
muscular atrophy treatment program that describe the process from abnormal newborn screening to gene therapy to developmental
outcomes following therapy.

INTRODUCTION

Spinal muscular atrophy (SMA) is an autosomal recessive disorder that results in severe, progressive degeneration of anterior horn
cells in the spinal cord and brain stem nuclei. This leads to symmetric, proximal muscle weakness, a defining phenotypical feature.
Five phenotypes of SMA (types 0-4) are characterized by age of onset and disease course. This article focuses on the most common
phenotype—SMA type 1, also known as Werdnig-Hoffman disease—and disease-modifying treatment with gene therapy.

SMA type 0 presents prenatally and has the worst prognosis, with survival of weeks to 6 months without treatment. Type 1, often
identified on newborn screens, typically presents before six months; median survival is 8-10 months of age. SMA type 2 presents
at 6-18 months of age; 70% of patients survive to age 25 years. SMA types 3 and 4 present at >18 months of age and in adulthood,
respectively, and patients have normal lifespans."
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Most cases of SMA are caused by a homozygous exon-7 deletion of the survival motor neuron 1 (SMN1) gene.>* The SMN2 gene
can, to an extent, compensate for the lost SMN1 gene by producing the same functional protein. However, only 10-20% of SMN2
transcripts produce this protein.' Thus, the number of SMN2 copies is closely tied to prognosis and phenotype, with the mildest form
of SMA seen in patients with at least four SMN2 copies.!

Historically, treatment of SMA has been primarily supportive. Recent advancements in gene therapies have significantly altered the
management and prognosis of SMA. These include nusinersen (Spinraza®), risdiplam (Evrysdi®), and onasemnogene abeparvovec
(Zolgensma®), discussed in detail below. Supportive care typically addresses multiple domains, focusing on the pulmonary,
gastrointestinal, and musculoskeletal systems.

Patients with SMA type 1 often require early respiratory and nutritional support. Bulbar and truncal weakness can make clearing
secretions, maintaining respirations, swallowing safely, and positioning difficult. This causes early respiratory failure and increases
the risk of aspiration and GERD.* It should be emphasized that supportive care benefits all patients with SMA, regardless of newer
treatments. A multidisciplinary approach and early enrollment in therapies (including physical, occupational, and speech therapies)
are pivotal to maximizing quality of life and the benefit of medical treatments.

DISEASE-MODIFYING TREATMENTS FOR SMA

The increasing availability of disease-modifying therapy (DMT) for SMA has significantly altered the course of the disease. Currently,
there are three FDA-approved therapies for SMA, each acting through distinct mechanisms. DMT for SMA is most effective when
initiated before symptom onset.” Thus, early diagnosis and intervention are key, and advocacy groups have been major advocates in
recent years for the inclusion of SMA in routine universal newborn screening (NBS).®

In May 2020, SMA was added to Florida’s NBS program. The SMA NBS uses the standard dried blood spot sample to test for
homozygous SMN1 deletions, found in 95% of patients with SMA.* Patients with a positive SMA NBS test are referred to an NBS
Genetic Center for additional confirmatory testing, including measuring the number of SMN2 copies. Once a diagnosis of SMA has
been confirmed, infants are referred to an NBS SMA Treatment Center for ongoing care and treatment management. Management is
guided by the patient’s number of SMN2 copies®:

« Those with two to three copies (seen in SMA types 1, 2, or 3) should proceed to immediate treatment (assuming they meet
eligibility criteria).

« Those with one copy (SMA type 0) are typically symptomatic at birth. Depending on the severity of symptoms at the time
of diagnosis, the patient may not benefit from treatment. Whether to initiate treatment should be a shared decision-making
process between the caregiver(s) and the physician.

o There is less consensus on whether those with > four copies (SMA type 4) should be treated immediately or monitored for
symptom onset (which does not typically occur until the third decade of life?).

Our cohort includes 18 patients with SMA identified via Florida’s NBS Program, two of whom transferred to different programs. Ten
had 2 SMN2 copies, two had between 1 and 2 copies, four had three, and two had four copies.

Nusinersen and Risdiplam

In 2016, intrathecal nusinersen (Spinraza®) became the first FDA-approved DMT for SMA.” Risdiplam (Evrysdi®), approved in 2020,
is an oral drug with a similar net effect to nusinersen.® Both therapies increase exon-7 inclusion in SMN2 messenger ribonucleic acid
(mRNA) transcripts—nusinersen via antisense oligonucleotides and risdiplam via splicing modifications.’ This enables each SMN2
copy to produce additional functional SMN protein, compensating for the loss of SMN 1. Both therapies require repeated administration
throughout the lifespan and associated life-long monitoring.’

Onasemnogene Abeparvovec
Mechanism of Action

In 2019, the FDA approved onasemnogene abeparvovec (Zolgensma®)—the first, and thus far only, gene addition therapy for SMA.° A
viral vector, adeno-associated viral vector (AAV) 9, carries a functional copy of the SMN1 gene (Figure 1)."° AAV9 has a high affinity
for the central nervous system and crosses the blood-brain barrier, effectively targeting motor neuron cells.>"

One dose of onasemnogene abeparvovec (OA) administers 1.1x10" vector genomes (vg) in a single infusion, and it is intended as a
one-time treatment." This single-dose approach has utility in both efficacy and safety, as patients develop anti-AAV antibodies after
their first treatment and would thus be ineligible for a second.’

Several studies demonstrate the efficacy of one-time OA therapy. In clinical trials, pre- and post-symptomatic patients who took OA
had significantly better clinical outcomes than historical controls (HCs).'*'® Higher doses of OA and administration before symptom
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Figure 1: AAV gene transfer therapy mechanism of action10

Following gene transfer therapy administration, the capsid binds to the cell membrane of target cells (1),
where it is internalized through endocytosis (2). Following release from the endosome (3), the vector transits
to the nucleus (4) and is imported through a nuclear pore (5), where the capsid is thought to be degraded
(uncoating steps not shown), exposing vector DNA to the nucleus (6). Once the vector DNA transforms into
episomal DNA (7), it is transcribed (8), and the resultant mRNA is translocated to the cytoplasm (9), where
it is translated, thereby producing the protein of interest (10).

Creative Commons BY-NC-ND license. Copyright 2022 by Mendell, et al.

onset were correlated with better outcomes.*'>'¢ Patients not only lived longer with significantly lower mechanical ventilation needs
but also reached and maintained motor milestones that were rarely, if ever, achieved in historical SMA patients.

CLINICAL TRIALS

Notable clinical trials of OA use in patients with SMA Type 1 include:
START Trial

This was a Phase 1 trial, which included 15 symptomatic patients <6 months of age who received either low-dose (6.7x10" vg per
kilogram [kg]) or high-dose (2.0x10" vg/kg) OA.

« At 20 months of age, 100% of patients were alive without permanent mechanical ventilation (versus 8% in HCs). Those who
received high-dose OA significantly increased motor function and achieved new motor milestones, which were achieved by
0% of HCs."

o At around five years after dosing, all 10 patients in the high-dose group maintained motor milestones and were alive without
permanent ventilation. Two high-dose patients achieved new milestones of “standing with assistance.”’

« At around seven years after dosing, 100% of patients in the high-dose group were alive without permanent ventilation and
continued to maintain motor milestones. Three additional patients gained the ability to stand without assistance.'*

STR1VE-US Trial

This was a Phase 3 trial that included 22 symptomatic patients <6 months of age who received therapeutic high-dose OA. Similar
Phase 3 trials were performed in Europe (STR1VE-EU) and Asia (STR1VE-AP).

o At 14 months of age'”: 91% survived without mechanical ventilation (compared to 26% of HCs). At 18 months, 60% could sit
without support (compared to 0% of HCs).

SPRINT Trial

This was a Phase 3 trial of 30 pre-symptomatic patients < 6 weeks of age who had 2 (n=14) or 3 (n=16) copies of SMN2 and were
treated with therapeutic doses of OA.

« In those with 2 SMN2 copies, at 18 months of age, 100% were alive, did not require respiratory support, and achieved the
primary endpoint of sitting without support, and 71% were able to stand and walk unsupported."

o In those with 3 SMN2 copies, at 24 months of age, 100% were alive, did not require nutritional or respiratory support, and
achieved the primary endpoint of standing without support. Their gross motor skills were similar to other children their age."
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LT002: Long-Term Follow-Up Study of OA

The ongoing Phase 4 of this study will follow the safety and efficacy of OA for 15 years post-infusion. It includes 81 patients previously
treated in the phase 3 studies (STRIVE -US, STR1VE-EU, STR1VE-AP, SPRINT).

o At around 3.4 years after dosing, all patients maintained previously achieved motor milestones. The majority never received
add-on therapy with another DMT; of those who did, only half achieved a new motor milestone after initiation of add-on
therapy. There were no deaths and no adverse events significant enough to discontinue therapy.'®

o SPRINT (pre-symptomatic patients): Of those who had not yet achieved motor milestones measured in the initial study,
100% achieved these milestones by the time of follow-up (including walking independently).

o STR1VE (symptomatic patients): At the time of follow-up, 42% of patients achieved new developmental milestones, and
89% could sit without support.

SAFETY PROFILE

The most common adverse reaction described after transfer therapy of OA is hepatotoxicity; less commonly, patients experienced
vomiting, transient thrombocytopenia, immune-related thrombotic microangiopathy, and elevated troponin levels."

Most often, hepatotoxicity will manifest as asymptomatic transaminitis, though acute liver failure has occurred in rare cases.'”?* For
this reason, OA carries a “black box” warning for serious liver injury.

The precise mechanism of hepatotoxicity is unknown but is thought to be secondary to AAV9 used to deliver the transgene rather than
the transgene itself.” Similar hepatotoxicity has been seen in patients receiving other therapies via AAVs, perhaps due to increased
hepatocellular uptake of AAV.>* This is consistent with post-mortem analyses showing the “highest levels of vector DNA were found
in the liver” in patients who received OA therapy."”

A retrospective study of patients who received OA showed that 90% had elevated liver enzymes post-infusion and that these elevations
responded to oral steroids.”” For most, liver enzymes peaked at one-week post-infusion and normalized at about two weeks post-
infusion. Patients with severe elevations and/or acute liver injuries took longer to recover, though levels still normalized by the end
of the observation period. Most patients also experienced a second peak when steroids were tapered, which again normalized within
30 days. Thus, all patients begin steroid prophylaxis before infusion and continued for at least 30 days post-infusion. An extended
course of steroids is given for evidence of hepatotoxicity.

One patient with SMA presented with a spinal cord neoplasm 14 months after OA infusion; however, tissue analysis did not detect
OA integration.”» Though this was the first reported case of an epithelioid spinal cord neoplasm associated with SMA, prior cases
have documented malignancies occurring in adolescent and adult patients with SMA, including ependymoma, neuroblastoma, and
alveolar rhabdomyosarcoma. The potential association between SMA and malignancy is poorly understood, theorized by some to be
related to abnormal DNA repair pathways seen in patients with SMA 2

ELIGIBILITY CRITERIA

Patients with SMA are eligible for OA if they are under the age of two years, were born full-term, and have AAV antibody titers < 1:50
(Table 1)." They should be otherwise clinically stable without signs/symptoms of infection.

Table 1: Eligibility Criteria for OA Therapy
*Delay until these eligibility criteria are met

**Re-test every 3-4 weeks
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Patients with high levels of anti-AAV9 antibodies or liver impairment should be given careful consideration. Patients with titers > 1:50
or abnormal liver function should be retested until results normalize. There is no consensus on the timing of re-testing AAV? titers,
but based on patient data from clinical trials, every 3-4 weeks may be appropriate.”

Pre-Infusion
Before OA treatment, eligible patients should":
 Undergo testing to assess baseline:

o Liver function (via aspartate aminotransferase (AST), alanine aminotransferase (ALT), total bilirubin, albumin,
prothrombin time (PT), partial thromboplastin time (PTT), and international normalized ratio (INR))

o Creatinine
> Complete blood count
o Serum troponin-I level
« Get vaccinated:
° Vaccination status should be current before OA administration, including seasonal prophylaxis against influenza and
respiratory syncytial virus.
« Initiate steroids:

> One day before treatment, patients are started on steroids (equivalent to oral prednisolone at 1 mg/kg of body weight per
day). After treatment, they will continue this dose for at least 30 days, then taper as indicated.

Post-Infusion

Patients are closely monitored for at least 3 months after OA infusion (Table 2)." Caregivers are given a management and monitoring
sheet with a plan and specific dates for follow-up.

Post-Infusion Monitoring

Month Month 1 Month 2 Month 3
Week 1 2 3 4 5 6 7 8 9 10 11 12
Platelet count X X X X X X X X
Monitor Troponin-| X X X X X X
astonr st | X | X | X | X | XX X | X X X
Treat Oral prednisolone 1mg/kg/day TaperT Monitori

Table 2: Recommended Monitoring after OA Infusion

T Proceed to taper only if liver function is unremarkable (ALT and AST < 2 x ULN with normal clinical
exam, bilirubin, PT, and INR).

¥ Stop taper and decrease frequency of labs only if liver function remains unremarkable as above.
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The purpose of monitoring is to screen for rare but serious adverse effects, including':

« Thrombotic microangiopathy
o Signs and symptoms (S/S): Thrombocytopenia, hemolytic anemia, hypertension, increased bruising or bleeding, seizures,
or decreased urine output in the setting of acute kidney injury.

> Consult a pediatric hematologist and/or nephrologist immediately to manage as clinically indicated.

 Hepatotoxicity
° §/S: Vomiting, jaundice, abnormal PT/INR, elevated bilirubin, ALT, and AST levels > 2 x ULN, or gamma-
glutamyltransferase (GGT) elevations.

o Ifliver function abnormalities > 2 x ULN (upper limit of normal) persist after the 30 days of systemic corticosteroids,
promptly consult a pediatric gastroenterologist or hepatologist.

o Cardiac injury
o §/S: Troponin elevations, heart rate changes, cyanosis, tachypnea, or respiratory distress.

o Consider consultation with a cardiologist if clinical signs or symptoms accompany troponin elevations.

CASE PRESENTATIONS

Our cases demonstrate the step-by-step evolution and management of newborns after abnormal NBS results and the different outcomes
of gene therapy for SMA.

Patient A:

Patient A was born at 40 weeks (w) and 3 days (d). Her NBS returned positive for SMA on day-of-life (DOL) 5. This infant had a
homozygous exon-7 deletion of the SMN1 gene and three copies of SMN2, consistent with SMA type 1 or 2.

Two maternal relatives had SMA (type unknown), and one was treated with OA.

The family met with Genetics and Pediatric Neurology on DOL 6 and 7, respectively. At the initial neurology evaluation, the patient
was minimally symptomatic with only mild axial hypotonia. Treatment options were discussed, and the parents opted for OA. OA was
administered on DOL 35, followed by standard post-dosing labs and prednisolone treatment. At 13 months, the patient was walking,
running, saying single words, feeding themselves with utensils, reaching for objects, and using a pincer grasp. Patellar deep tendon
reflexes were 1+, and the patient had no abnormal movements.

Patient B:

Patient B was born at 39w4d and had a positive NBS on DOL 4. The patient had a homozygous exon 7 deletion of the SMN1 gene and
two copies of SMN2, consistent with SMA Type 1.

A paternal first cousin has SMA and was treated with OA.

The infant was seen by Pediatric Neurology on DOL 10 and found to have tongue fasciculations and hypotonia of the trunk and
hip girdle. The family decided on treatment with OA, which was given on DOL 47. AST and troponin were elevated one week after
administration, with AST 2 x ULN. Six weeks after infusion, the patient continued to display truncal and hip girdle hypotonia and
significant head lag. At this time, it was decided to add risdiplam. After six weeks of risdiplam, there was minimal improvement in
motor function. At 18 months of age, the infant remained hypotonic. He occasionally sat unassisted for 30-45 seconds and required
a wheelchair. Due to scoliosis, the patient was referred to an orthopedist and more intense therapies.

CONCLUSION

In the last decade, the development of novel gene therapies has changed the natural course of SMA. When administered early after
abnormal NBS results, gene therapy for SMA can lead to normal motor development and prevent disease progression. Although
the results of the studies and our own experiences with OA are promising, we acknowledge these are very recent developments, and
research is still ongoing. Limited follow-up data exists regarding the long-term efficacy and safety of OA.

LIMITATIONS

Oncogenesis is a commonly encountered concern regarding gene therapies. AAVs are considered non-integrating, meaning they do
not insert DNA into the host genome.** Instead, the DNA is delivered via vector forms episomes that produce the desired gene. This
significantly lowers the risk of insertional mutagenesis or off-target effects, including malignancy. To date, there have been no reported
cases of AAV-mediated oncogenesis. Still, spontaneous integration remains a theoretical risk. One case study describes a patient with
SMA who developed a spinal cord neoplasm 14 months after receiving OA therapy.”! The question remains: Was this a side effect of
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AAV therapy or a yet-unknown complication of SMA? Prior case reports document malignancies occurring in adolescent and adult
patients with SMA, and some theorize that oncogenesis is related to abnormal DNA repair pathways in SMA.>> New complications
may emerge as these patients’ lifespans continue to increase beyond their historical expectations.

It is not known if patients will require re-administration of OA. As discussed above, AAVs are non-integrating. Non-integration also
means non-replication; thus, the desired gene will not be copied to new cells and will “die” when its host cell dies. While this is a
limitation in other contexts, it is less problematic in SMA treatment, as the target cells (i.e., motor neurons) are non-dividing. Indeed,
re-administration of OA would prove difficult, as patients would have existing AAV-antibodies from their initial treatment course.

Finally, more research is needed regarding the multiple modalities of SMA gene therapy. To date, no head-to-head trials have compared
the efficacy of nusinersen, risdiplam, and OA. The utility of combining therapies must also be explored. In the ongoing phase 4 OA
study (LT002), some patients developed new motor milestones with the addition of another DMT, though this is not always the case,
as seen in Patient B.

NEXT STEPS

Further research may provide methods to improve the efficacy, safety, and longevity of treatment for SMA and broaden the range of
diseases treated by gene therapies. One recent example is the 2023 FDA approval of delandistrogene moxeparvovec (Elevidys®) — the
first AAV-based gene therapy for treating Duchenne muscular dystrophy (DMD).* Similarly to SMA, DMD is a rare and progressive
genetic disease causing early-onset morbidity and mortality. Prior gene therapies for DMD existed, though they were only effective
for those with specific mutations and required repeated administration. Delandistrogene moxeparvovec is administered as a single
infusion and delivers the micro-dystrophin gene, a shortened protein that includes specific domains of the normal dystrophin protein.”
Its accelerated approval has already improved function and quality of life for patients with DMD.*

These novel therapies represent essential advancements in the treatment of two devastating, progressive childhood conditions with
high morbidity and mortality.
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CASE REPORT

An Atypical Case of Allergic Contact Dermatitis

in a Pediatric Patient

Claire Overholt, BS; Bliss Colao, BS'; Michele Lossius, MD, FAAP? Kendall Steadmon, MD?
'University of Florida College of Medicine, Gainesville, Florida
’Department of Pediatrics, University of Florida, Gainesville, Florida

ABSTRACT

Allergic contact dermatitis is a common rash caused by an immune reaction to an allergen that touches the skin. Allergic contact
dermatitis is a type IV hypersensitivity reaction, and it presents clinically as a well-demarcated, pruritic rash that typically exhibits
bright erythema and edema. It can also have vesicles, oozing, and blistering. There are many triggers of allergic contact dermatitis,
including metals, cosmetics, topical medications, and various plants. We present an atypical case of allergic contact dermatitis on
the plantar foot in a 7-year-old male who was initially diagnosed with cellulitis. His physical exam was significant for a large bulla
on his plantar foot. The presumed trigger for our patient was a Toxicodendron plant, as he had a history of swimming and walking
barefoot outside. Toxicodendron plants (poison ivy, poison oak, and poison sumac) contain urushiol, which can trigger allergic contact
dermatitis. Treatment for allergic contact dermatitis is typically topical steroids, with systemic steroids recommended in more severe
cases, such as our patient’s case. Definitive treatment is the removal of the triggering allergen. A high index of suspicion is needed in
cases of allergic contact dermatitis, particularly in cases of atypical presentation.

INTRODUCTION

Allergic contact dermatitis (ACD) is a common rash caused by an immune reaction to an allergen that touches the skin.! Common
allergens include metals (e.g., nickel), personal care products, cosmetics, topical medications, plastics, glues, rubber materials, and
various plants.! ACD is considered a type IV delayed-response hypersensitivity reaction and presents clinically as a well-demarcated,
pruritic rash that usually has bright erythema and edema.” Vesicles, oozing, and blistering can be associated with the rash, making it
difficult to distinguish from infections (i.e., cellulitis) or irritant contact dermatitis.> We present an atypical ACD on the plantar foot
in a 7-year-old male diagnosed initially with cellulitis.

PRIMARY OBJECTIVE
Be able to identify an atypical presentation of ACD, understand the pathology of ACD, and accurately treat cases of ACD.

14 THE FLORIDA PEDIATRICIAN - SPRING 2025



CASE PRESENTATION

A 7-year-old male presented to our emergency department (ED) with a chief concern of redness, swelling, and blisters on the right
plantar foot for four days. His past medical history was significant for seasonal allergies, and he was not taking any medications at
the time. Five days before the presentation, he reported boating and swimming in a river. The patient was barefoot but did not recall
stepping on any rocks or sustaining injuries to his right foot. Over the next 48 hours, his right foot became pruritic, and blisters
appeared. The blistering worsened and was associated with significant pain that prevented the patient from ambulating. He denied
pain unless pressure was placed on his right foot. He had no other symptoms, such as fever, chills, or joint pain. Due to worsening
symptoms, his mother took him to an outside hospital two days after the itching started, where he was diagnosed with cellulitis. He
was prescribed topical mupirocin ointment and a course of oral cephalexin.

The blister increased in size over the next two days, and his foot pain persisted. Thus, he returned to the ED. At the outside ED, the
patient received one gram of ceftriaxone intramuscularly (IM) and one intravenous (IV) saline bolus. His labs at presentation were
significant for a white blood cell count of 10.5 x 10°/puL, with 47.6% neutrophils and 18.4% eosinophils and lactic acid of 1.5 mmol/L.
An X-ray of the right foot displayed soft tissue abnormality on the plantar aspect, with no acute osseous abnormality or radiopaque
foreign body.

The patient was then transferred to our ED, where a physical exam showed erythema, swelling, and multiple large bullae on the plantar
aspect of his right foot (Figure 1). The patient was afebrile and hemodynamically stable. The erythema was marked with a pen, and
the patient was started on IV clindamycin due to concern for cellulitis (Figure 2). One dose of cefepime was given to address the fears
of Pseudomonas aeruginosa infection, and pediatric surgery was consulted.

Figure 1: Clinical presentation in our emergency department showing
multiple large bullae on the plantar aspect of the patient’s right foot.

Figure 2: Clinical presentation showing bullae on patient’s right plantar
foot, with surrounding edema and erythema.
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Pediatric surgery recommended consulting orthopedic surgery to evaluate the right foot for potential bone or tendon involvement.
Orthopedic surgery conducted a bedside deroofing procedure that removed the circumferential epidermis from all affected areas.
Afterwards, the wound was cleaned and bandaged. The patient received an IM injection of ketorolac for pain control and had
acetaminophen as needed for pain. His antibiotics were changed from IV clindamycin to oral cephalexin. Dermatology was consulted
and noted pink desquamated plaques with peripheral residual detached skin of bullae on the right plantar foot status post debridement
(Figure 3) and non-erythematous vesicles versus small bullae on the left lateral foot and third toe web space. They determined this
was likely ACD due to Toxicodendron species, without concern for cellulitis or other infectious etiology.

Physical therapy was consulted to assist with ambulation, and wound care was involved. The patient was afebrile, hemodynamically
stable, and had adequate intake and output upon discharge. The patient was discharged on a course of oral prednisolone (2mg/kg/day
for 5 days) and was to follow up with his primary care physician and orthopedic surgery after discharge. At the orthopedic follow-up
one week after discharge, the patient’s foot was healing well.

Figure 3: Clinical presentation showing desquamated plaques with
peripheral residual detached skin of bullae on right plantar foot status post
debridement.

DISCUSSION

This presentation demonstrates the difficulty that can be encountered in diagnosing ACD and determining the underlying cause. This
is not an uncommon issue, with some studies estimating the prevalence of ACD as high as 20% in the general population with a wide
range of allergens that can serve as triggers.>* Additionally, due to the delayed onset of presentation, identifying the causative agent
can be complicated. Groups with a higher risk of developing ACD are those with a personal or family history of atopy (as with our
patient), those who have increased environmental exposures to allergens, and female sex.* The rates of ACD in children are reported
to be similar to those of adults; however, many childhood cases are likely underdiagnosed.> ACD can occur at any age, with some
reports of ACD in infancy, although prevalence increases with age.®

The proposed pathophysiology of ACD includes a sensitization phase and an elicitation phase. Sensitization occurs when exposed
to a low-molecular-weight allergen or hapten, which is taken up by a dermal dendritic cell and presented to a T-cell in a draining
lymph node.>® The elicitation phase occurs upon re-exposure to the allergen, which causes the dermatitis, with a peak inflammatory
process occurring 72 hours after re-exposure.>® This type IV delayed-response hypersensitivity reaction is primarily mediated by Th1
cells and Th2, Th17, and Th22 cells.

There are many triggers for ACD, with the most common being nickel.” Other common allergens are methylisothiazolinone,
formaldehyde, and methylchloroisothiazolinone, which are preservatives in everyday products, and fragrance mixes.>” Topical
medications, such as antibiotics and corticosteroids, are also commonly implicated in ACD.?” The plants most likely to cause ACD
are poison ivy, oak, and sumac, which fall under the Toxicodendron genus."® Toxicodendron plants contain urushiol, which can trigger
ACD.?* A thorough history to determine the trigger for the rash is central to making the diagnosis. It is essential to elucidate the
location of the lesions, when they developed, how they have evolved, exposures, and previous treatment.* For our patient, who had a
history of swimming and walking barefoot outside, his dermatitis was likely secondary to a plant in the Toxicodendron genus, which
is widespread throughout North America.?
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ACD commonly presents on the hands or face, or as a scattered or generalized distribution.” The dermatitis distribution patterns can
be helpful in diagnosis because they reflect the area of contact with the allergen.’* In our case, the plantar foot was an unusual location
for ACD, which could have contributed to the initial misdiagnosis of cellulitis.*

The first-line treatment for ACD involves short-term mid- to high-potency topical corticosteroids, such as triamcinolone 0.1% or
clobetasol 0.05%.>'° Systemic corticosteroids can also be used and are specifically helpful in quickly calming the inflammatory response
associated with ACD secondary to Toxicodendron plants, as in the case of our patient.* A two to three-week taper of oral corticosteroids
is typically recommended in cases of ACD to Toxicodendron plants due to the risk of rebound dermatitis.*'® Surgical intervention, as
seen in our patient, is not a routine treatment for ACD.'® However, surgery can be employed in cases of cellulitis to drain abscesses."
This further emphasizes the need for timely and accurate diagnosis of ACD to ensure proper treatment.

Definitive treatment is the identification and removal of the causative agent to prevent recurrent or chronic dermatitis.” As mentioned,
identifying the causative agent can be challenging. Patch testing can be used when the etiology is unknown or if the patient’s dermatitis
is worsening or unresponsive to treatment.'”!" Patch testing uses various allergens suspended in a vehicle (commonly white petroleum)
exposed to the skin to recreate an allergic reaction.>'® Patch testing can also be used for patients at high risk for ACD, such as healthcare
workers, cosmetologists, and construction workers.*!!

Pediatricians need to be familiar with diagnosing and treating cases of ACD, as many pediatric patients will present initially to their
pediatrician. This case highlights the importance of clinical history in diagnosing allergic contact dermatitis. A high index of suspicion
is needed in cases of ACD, particularly in cases of atypical presentation.
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ABSTRACT

Complications of ventriculoperitoneal shunts, used to treat hydrocephalus, usually involve mechanical obstruction or infection. This
case describes a new onset of sterile cerebrospinal fluid ascites in a 14-year-old female patient three years after shunt revision. The
patient presented with rapidly increasing abdominal distension, without associated fever, requiring paracentesis of 4 liters of ascites
fluid. Diagnostic findings were negative for infection, and the serum to ascites albumin gradient, calculated by subtracting the ascitic
fluid albumin value from the serum albumin value, was elevated at 2.4 g/dL. The presence of a gradient > 1.1 g/dL is most commonly
associated with liver disease with portal hypertension. However, an extensive workup for liver disease, hypothyroidism, heart disease,
or infection was found to be negative. Beta-2 transferrin, a marker for the presence of cerebrospinal fluid, was positive on the ascites
fluid. Because of the rapid reaccumulating ascites, at a rate of 4-6 liters every two weeks, the patient had the ventriculoperitoneal shunt
distal terminus transferred to the pleural space. This resulted in the complete resolution of the ascites. However, 6 months after the
placement of the catheter in the pleural space, the patient presented with a massive pleural effusion, requiring emergency chest tube
placement. Plans are being made for the placement of a ventriculoatrial shunt. Cerebrospinal fluid ascites and pleural effusion are
rare complications in the treatment of hydrocephalus and should be considered in patients with shunt placement.

INTRODUCTION

A ventriculoperitoneal (VP) shunt is a standard hydrocephalus treatment characterized by cerebrospinal fluid (CSF) accumulation in
the brain. Due to the ability of the peritoneum to absorb liquid, the VP shunt is the most commonly used shunting procedure.! While
it is generally successful in managing the condition, VP shunting is not without complications. These complications are generally
broadly categorized into mechanical or infective complications. Mechanical complications include obstruction, disconnection, or
migration of the shunt. Infective complications include abscess formation, skin necrosis, and ventriculitis.'

A rare but significant complication that can occur post-VP shunting is the development of CSF ascites. As of 2019, approximately
50 cases of sterile CSF ascites have been reported in English literature.? Hepatic, renal, or cardiac disorders most commonly cause
ascites in children. The serum-ascites albumin gradient (SAAG) is used to classify ascites as portal hypertensive (SAAG > 1.1 g/
dl) and non-portal hypertensive (SAAG < 1.1 g/dl).> A 2019 case report cites four known cases of CSF ascites with an elevated
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SAAG (> 1.1 g/dl). The patients described in these reports were six, seven, 26, and 28 years old.> VP shunt-related ascites does not
have a well-understood mechanism. Furthermore, the causes of VP shunt-related ascites may differ between age groups.*

PRIMARY OBJECTIVE

This case report aims to illustrate a rare complication of VP and ventriculopleural shunts, including CSF ascites and pleural effusion,
respectively, and present a description of evaluation and management.

SUBJECT PRESENTATION

A 14-year-old female patient with a history of tuberculous meningoencephalitis at one year of age had complications, including
hydrocephalus, spastic quadriplegic cerebral palsy, profound intellectual and gross motor disabilities, and epilepsy, requiring a vagal
nerve stimulator and anticonvulsant medications. The patient was G-tube dependent and had associated hypothyroidism that is
closely followed with regular testing, partial ACTH deficiency, intermittent diabetes insipidus, and syndrome of inappropriate ADH.
She required a VP shunt, using a Codman’ Hakim' Precision Fixed Pressure Valve at age 14 months, with revision using a Medtronic
Delta Valve Small Performance Level 1.0° at eleven years of age, due to candida peritonitis. No further revisions were needed. For
these multiple conditions, she is managed with numerous medications, including baclofen, clobazam, levetiracetam, valproic acid,
oxcarbazepine, levothyroxine, albuterol, fluticasone, singular, famotidine, ferrous sulfate, vitamin D, sodium chloride, and calcium
carbonate.

She presented to the Emergency Department with a chief complaint of increased agitation and a recent onset of a distended abdomen.
Vital signs were stable, and the physical exam was only significant for a grossly distended abdomen (abdominal circumference of 88 cm)
and general agitation. Abdominal X-ray showed ascites. This subsequently increased over the ensuing weeks, requiring paracentesis,
which yielded 4 liters of clear fluid with 2 WBCs/HPF, 1 RBC/HPE, albumin of 0.8 g/dL, total protein of 1.1 g/dL, amylase of 34 U/L,
lipase <4 U/L, pH of 6.5, LDH of 46 U/L. Serum albumin at the time of paracentesis was 3.2 g/dL; total protein was 8.5 g/dL. Cytology
was negative for cellular atypia. Bacterial and gram stains, acid-fast bacterial cultures, and fungi cultures were negative. Blood culture
was also negative. The post-paracentesis abdominal circumference was 65 cm.

Liver enzymes were mildly elevated, with ALT ranging from 13-131 U/L and AST from 16-107 U/L. The remainder of the comprehensive
metabolic panel showed normal creatinine, BUN, bilirubin, and calcium. Sodium levels varied from 129-145 mEq/L. Magnesium and
phosphorus were normal.

The serum to ascites albumin gradient (SAAG), calculated by subtracting the ascitic fluid albumin value from the serum albumin
value, was 2.4. The presence of a gradient > 1.1 g/dL (=11 g/L) predicts the presence of portal hypertension with 97 percent accuracy.®
A gradient < 1.1 g/dL (<11 g/L) indicates that the patient does not have portal hypertension.’

The SAAG will also be elevated in cardiac failure, liver metastases, and myxedema.’

To address the elevated liver enzymes and the elevated SAAG, further testing, including PT/PTT, alpha-1 antitrypsin, hepatitis
serologies, ANA, AMA, ASMA, LKM, GGT, TTG, ceruloplasmin, iron, iron-binding capacity, CPK, amylase, and lipase, was conducted;
these were all normal. Thyroid function testing was noted to be normal on multiple occasions.

QuantiFERON'-TB Gold test was positive, but further workup with serial gastric aspirates and paracentesis fluid for acid-fast bacteria
was negative. The Gold test positivity was attributed to the prior history of TB meningitis.

Imaging included a normal cardiac echo, normal shunt series, stable MRI of the brain showing a stable VP shunt position, stability of
the size of the anterior horns of the lateral ventricles, with some decrease in size compared to previous studies, small stable lacunar
infarcts in bilateral basal ganglia and right internal capsule, and a normal CT abdomen except for ascites. Abdominal ultrasound with
elastography ruled out chronic liver disease.

Serial paracentesis was required every 2 weeks, and 4-6 liters of fluid were obtained each time while the investigation was being
completed. Beta-2 transferrin, a marker for CSE, was suggested to be obtained on the paracentesis fluid to measure the presence of
CSE. It was found to be positive.

After this comprehensive laboratory and radiological testing, consultation with Gastroenterology, Neurosurgery, and Infectious Disease,
with no hepatic or other cause for ascites found, and a positive beta-2 transferrin test, the presumptive diagnosis of CSF ascites was
made. The patient underwent transfer of the VP shunt distal terminus to the pleural space. Since then, there have been no further
recurrences of ascites, with the abdominal girth remaining non-distended.

Unfortunately, approximately six months after the shunt was placed into the pleural space, the patient presented to the Emergency
Department with sudden decompensation due to massive pleural effusion requiring chest tube placement. Analysis of this fluid was
unremarkable for infection. The placement of a ventriculoatrial (VA) shunt resulted in resolution, and the patient is now stable without
reaccumulating ascites or pleural effusion.
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DISCUSSION

This case underscores the complexities involved in diagnosing and managing VP shunt-related ascites, particularly in pediatric patients
with multiple comorbidities. The elevated SAAG (> 1.1 g/dL) in this patient initially suggested a portal hypertensive etiology, which
is typically associated with hepatic causes. However, comprehensive testing ruled out traditional hepatic, renal, and cardiac causes of
ascites.

In the literature, CSF ascites have been reported to be successfully treated by the replacement of the VP shunt with a VA shunt.***
One case report described pleural effusion when a ventriculopleural shunt was used to manage VP shunt-associated ascites.” This case
also eventually required VA shunt placement. Finally, another case report describes using a peritoneovenous shunt (Denver Shunt)
rather than VA to manage the ascites.?

In retrospect, a question arose whether the extensive work-up may have been avoided with the positive results of the beta-2 transferrin
test indicating that the ascites fluid was CSE. Beta-2 transferrin is a desialated (carbohydrate-free) isoform of the transferrin protein,
which is found only in CSF, perilymph of the cochlea, and the aqueous and vitreous humor of the eye. Beta-2 transferrin is produced
by neuraminidase activity within the nervous system. The assay requires only a 0.5 ml fluid specimen for the electrophoresis assay,
costs around $450, and takes 3 hours to complete. It has been widely used as a marker for suspected CSF leakage in CSF rhinorrhea
and otorrhea. A systemic review on CSF rhinorrhea found the use of beta-2 transferrin assay had a sensitivity ranging from 87% to
100% and specificity ranging from 71% to 100%."

The use of beta-2-transferrin to assess suspected CSF ascites or pleural effusion has not been validated with systematic research.
Instead, it has been advocated in case reports'', or perhaps as a confirmatory test after appropriate workup.'? False negatives have been
reported. One article published in Pediatrics in Review describes a 20-year-old subsequently found to have CSF ascites with a negative
beta-2 transferrin.”” Another case reported by Patel and coworkers describes false negative results on 2 out of 5 pleural fluid samples
from the same patient with proven CSF pleural effusion." Because the data on beta-2 transferrin utility is based on case reports, no
sensitivity/specificity data are available. Furthermore, unlike in the assessment of CSF rhinitis, where no CSF fluid is expected, in the
setting of patients experiencing suspected VP shunt-related CSF ascites, where it might be expected there be CSF present from the
shunt, the utility of this test may be less definitive in determining the cause of ascites. Therefore, a complete evaluation for multiple
causes of ascites was needed in this case.

Unexplained remains why there was a three-year delay in the development of ascites from the time of placement of the VP shunt and
a six-month delay in the development of the sudden pleural effusion after placement of the ventriculopleural shunt, which in both
cases progressed rapidly, once underway.

In summary, with CSF-associated ascites from VP-shunts, the SAAG gradient can be elevated, and this doesn’t always signify portal
hypertension. Additionally, measuring beta-2 transferrin can help determine the cause of ascites to be shunt-related CSF, considering
the possibility of false negative results. Still, research on the reliability of this test remains to be conducted. Furthermore, pleural
effusion can be a serious complication of ventriculopleural shunts.
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ABSTRACT

We present a newborn girl diagnosed with idiopathic congenital unilateral knee dislocation at birth. Genetic and pediatric orthopedic
surgery evaluations were completed to optimize outcomes and identify underlying conditions. The low-grade dislocation was managed
conservatively with soft splinting, followed by applying a Pavlik harness, resulting in complete correction within five weeks. Notably,
serial casting—typically utilized in nonsurgical management—was not required. This case highlights the effectiveness of conservative
therapy as a first-line treatment for congenital knee dislocations, particularly in milder presentations. Prompt recognition and early
intervention are essential by the general pediatrician or newborn nursery pediatrician to prevent hip or gait abnormalities.

PRIMARY OBJECTIVE

This case report aims to review the rare presentation of congenital knee dislocation (genu recurvatum) in newborns, emphasizing early
recognition and diagnosis by general pediatricians and newborn nursery pediatricians. This report aims to outline the multidisciplinary
approach required for evaluation, discuss the effectiveness of conservative management strategies like the Pavlik harness in milder
cases, and provide insight into prognosis and follow-up care. By sharing this case, we aim to enhance awareness of congenital knee
dislocation and its implications for clinical practice, including potential syndromic associations.

BACKGROUND

Congenital knee dislocation (genu recurvatum) is a rare condition, occurring in approximately 1 in 100,000 live births, and may
present as either bilateral or unilateral." Intrinsic causes often include genetic conditions such as Larsen syndrome and arthrogryposis
multiplex congenita, while extrinsic factors may involve compression, breech presentation, and oligohydramnios.? Prenatal diagnosis
is possible in some cases, although most cases are identified postnatally.
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Recent classification systems for congenital knee dislocation have delineated three types: Type I, characterized by simple hyperextension;
Type 11, involving anterior tibial subluxation reducible with flexion; and Type III, defined by true anterior tibial dislocation.>* Treatment
options vary and may include serial casting, physical therapy, or surgical intervention, depending on the severity of the condition.
The prognosis can range from excellent to poor, contingent upon the underlying cause and the presence of associated anomalies.”

SUBJECT PRESENTATION

A female infant was born cephalic at full term with APGAR scores of 8 and 9 via uncomplicated repeat cesarean delivery. The mother
had a medical history notable for a seizure disorder (not requiring medication), obesity, and spinal surgeries, and a previous child with
a ventricular septal defect. A detailed anatomical ultrasound performed at 31 weeks gestation revealed no fetal anomalies, although
visualization was limited by gestational age and fetal position. Upon delivery, a prominent deformity was noted to the right lower
extremity, with the hip flexed and the knee hyperextended to approximately 240 degrees. The infant did not appear in distress, and
passive flexion to 90 degrees was achievable (Figure 1).

Figure 1: Patient with Congenital Knee Dislocation at Birth (left image - passive flexion to 180 degrees,
right image - baseline hyperextension to approximately 270 degrees)

The patient was admitted to the newborn nursery under the care of the general pediatrician and resident team. On day 0 of life,
pediatric orthopedic surgery recommended physical and occupational therapy, genetic consultation, and no immediate casting or
surgical intervention. On day 1, a repeat physical examination revealed the right knee flexed at rest and active flexion to 90 degrees
(Figure 2). The genetics team recommended spine imaging, a hip ultrasound at 46 weeks corrected gestational age, and outpatient
follow-up. Spinal x-rays were normal. Physical and occupational therapy provided a soft splint for the right lower extremity to prevent
knee hyperextension. The patient was discharged from the newborn nursery on day 2 of life.

On day 6, the patient was evaluated by pediatric orthopedic surgery in clinic, where she demonstrated stable range of motion from 15
to 130 degrees, stability to varus and valgus stress, and a normal hip examination. A Pavlik harness was applied with the knees flexed.
The physical examination remained stable at the orthopedic follow-up visit on day 19. The Pavlik harness was removed on day 33 of life.

Her pediatrician reevaluated the infant at 6 weeks old, and she exhibited equal spontaneous movement of all four extremities, with
a noted right hip click (Figure 3). Evaluation by Genetics was significant for appropriate linear growth with low concern for skeletal
dysplasia, given appropriate growth and reassuring spinal x-rays. Genetic testing (Invitae Skeletal Disorders Panel) was completed
with a negative result for Larsen syndrome. A CYP27B1 variant (c.1376G>A/p.Arg459His) was identified, indicating the patient is a
carrier for vitamin D-dependent rickets. The newborn screening results were normal. A hip ultrasound performed at 8 weeks of life
showed no evidence of developmental dysplasia of the hip.
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Figure 2: Patient with Congenital Knee Dislocation on Day 1 (left image - baseline mild flexion,
right image - flexion to 90 degrees)

Figure 3: Patient with Congenital Knee Dislocation at 6 Weeks

DISCUSSION

Congenital knee dislocation (CKD), or genu recurvatum, is a rare condition affecting approximately 1 in 100,000 newborns, with
a higher prevalence in females." CKD may be an acquired disorder or an isolated condition associated with genetic syndromes.
It is most frequently linked to congenital hip dislocation, occurring in about 1% of cases.® Other associated syndromes include
Larsen syndrome, Collins-Pope syndrome, Desbuquois syndrome, Down syndrome, Ehlers-Danlos syndrome, Marfan syndrome, and
arthrogryposis multiplex congenita.” Due to the common association of CKD with genetic syndromes and congenital hip dislocation,
a genetic evaluation and hip ultrasound are recommended for all CKD cases.® For cases diagnosed prenatally, a detailed ultrasound
and amniocentesis for genetic analysis are considered.?

At birth, CKD usually presents with knee hyperextension and anterior knee skin folds, with variations in reducibility and flexion.
Confirmation of the diagnosis is achieved through plain radiographs, and management is based on CKD classification. The most
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recent and widely used classification system divides CKD into three types: Type I (simple hyperextension, easily reducible and stable),
Type II (anterior tibial subluxation, reducible with flexion but unstable), and Type III (true anterior tibial dislocation, irreducible).**

Early orthopedic consultation is crucial, as treatment strategies differ based on the type of CKD. For Types I and II, initial management
includes physiotherapy and using an anterior splint or Pavlik harness to promote knee flexion and maintain reduction. The splint or
harness is typically used for 4 weeks for Type I and 6-8 weeks for Type II. If conservative treatments are ineffective, cast immobilization
at 90 degrees of flexion for 3 weeks may be necessary, often followed by serial casting and eventual transition to a splint or harness.’ In
more severe cases, such as Type III CKD, surgical interventions such as percutaneous quadriceps recession (PQR), V-Y quadricepsplasty
(VYQ), and femoral shortening may be required."’

The prognosis for isolated lower-grade CKD cases without associated genetic disorders, such as this case, is generally favorable. A
greater than 80% success rate has been demonstrated when intervention was initiated within the first two months of life.® In contrast,
poorer prognoses are observed in cases associated with genetic syndromes, limited knee flexion (less than 50 degrees), absence of
anterior skin grooves, and delayed treatment. Such cases may lead to significant complications, including contractures or osteoarthritis.>

In conclusion, this case highlights the importance of early diagnosis and intervention in CKD to achieve optimal outcomes. Early
recognition by the general pediatrician is essential, as early intervention has been associated with improved outcomes. Additionally,
familiarity with this condition may enable prompt evaluation for comorbid diagnoses from broader syndromic associations.
Multispecialty collaboration among general pediatrics, pediatric orthopedic surgery, genetics, and physical therapy ensures a
comprehensive assessment and personalized treatment plan. By understanding diagnostic approaches, initial conservative management
options, and recommended specialty evaluations, pediatricians can effectively manage mild to moderate cases and collaborate with
specialists to optimize patient outcomes.
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