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Pediatric Alport Syndrome: From Diagnosis to Transitioning Care

Síndrome de Alport na Idade Pediátrica: do diagnóstico até aos cuidados de transição da idade adulta
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Persistent isolated microscopic hematuria is a relatively common 
occurrence in pediatric practice. It can be caused by multiple disorders 
including urologic abnormalities, kidney stones, hematologic 
issues, and glomerular diseases, among others.(1) The cornerstone 
is to identify cases of hematuria associated with progressive renal 
disease.(1) Glomerular hematuria occurs when Glomerular Filtration 
Barrier (GFB) is compromised allowing the leakage of erythrocytes 
and albumin into the urinary space.(2) A crucial component of GFB is 
the Glomerular Basement Membrane (GBM), primarily composed of 
collagen type IV. The collagen type IV is essential for normal function of 
GBM and its structure is a heterodimer COL4A3A4A5. Any alterations 
in collagen type IV constituents disrupt the GMB structure, leading to 
the excretion of erythrocytes and albumin into the urine, ultimately 
resulting in kidney damage and loss of renal function.(3) 

Disorders caused by genetic variants on COL4A3, COL4A4 and 
COL4A5 genes are classified as Alport syndrome (AS). Data from the 
Genomics England 100,000 Genomes Project indicate that pathogenic 
COL4A5 variants occur in approximately 1 in 2320 individuals, while 
heterozygous COL4A3 or COL4A4 variants affect 1 in 106 individuals 
and compound heterozygous COL4A3 or COL4A4 variants affect 
approximately 1 in 88,866 individuals.(4) These data underscore the 
prevalence of  AS  as the most common hereditary renal disease. 

The spectrum of the kidney damage is broad, ranging from 
microscopic hematuria, followed by albuminuria, severe proteinuria, 

and progressive decline in glomerular filtration rate (GFR) to end-
stage renal disease (ESRD).(5,6) The loss of GFR can vary from very 
rapid - requiring kidney replacement therapy in adolescence/early 
adulthood, to very slow - advanced age patients with normal kidney 
function.(5) As collagen type IV also exists in the eyes (lens and retinal 
pigment epithelium) and ears (cochlea), extra-renal manifestations, 
such as sensorineural deafness and ocular anomalies (perimacular 
and peripheral coalescing flecks, temporal retinal thinning and 
lenticonus) can also be detected.(7)

Recently, genetic studies (panel genes and exome studies) conducted 
in large cohorts of kidney patients, identified Alport syndrome as an 
important cause of renal failure in patients previously diagnosed with 
focal segmental glomerulosclerosis (FSGS), IgA familial nephropathy, 
steroid-resistant nephrotic syndrome (CRNS) and chronic kidney 
disease (CKD) of unknown cause (uCKD).(8-13)

In AS, genetic inheritance pattern depends in which gene the 
variant is located and includes X-linked, autosomal recessive 
(ARAS), autosomal dominant (ADAS) and digenic.(6) The COL4A5 
gene is located at chromosome X. Mutations on this gene severely 
affect male patients, who present with the classic phenotype of AS 
characterized by the presence of kidney failure, sensorial deafness, 
and specific ocular lesions at young age. Female patients can also be 
affected although typically exhibit milder clinical features.(6) 

The COL4A3 and COL4A4 genes are located on chromosome 2.(6) 
ARAS occurs when both alleles of the gene present a genetic variant. 
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Usually, these patients have the classical AS phenotype.  This pattern 
of inheritance is suggested when male and female patients are equally 
affected, when parental consanguinity exists or when the father or 
both parents of a male patient have microscopic hematuria.(6) ADAS 
occurs when one allele of COL4A3 or COL4A4 has a genetic variant. 
Clinical findings can range from no symptoms, isolated hematuria 
(sometimes intermittent), progressive proteinuria and renal disease 
to ESRD.(5) Other organs involvement is infrequent. Within the same 
family, clinical manifestations can be different due to incomplete 
penetrance and associated risk factors such as smoking, high blood 
pressure and levels of salt and animal protein intake.(6) ADAS patients 
progress more slowly to ESRD than XLAS males and ARAS.(14)

Digenic AS occurs when there are inherited pathogenic variants in 
COL4A5 plus COL4A3 or COL4A4 or in COL4A3 plus COL4A4.(15-17) For 
digenic variants affecting COL4A5 plus COL4A3 or COL4A4, clinical 
features depend on sex and the severity of both variants.(18)

In renal biopsy, there are no specific light microscopic findings in 
AS, and a variety of combined features can be found such as mild 
glomerular changes, mesangial proliferation and expansion, and 
interstitial foam cells when long-standing proteinuria occurs, as 
well as FSGS, tubular atrophy, and interstitial fibrosis. Electronic 
microscopic (EM) findings can range from thin basement membrane 
and GBM thickening to lamellation and splitting in lamina densa of 
GBM.(6,19) Importantly, pathological findings can only be apparent 
with renal disease progression, even in male XLAS and ARAS patients. 
In female XLAS and ADAS patients, typical electronic microscopic 
lesions can be present only at later stages and often only GBM 
thinning can be found.(7)

Currently, with the recognition of different inheritance patterns and 
the broad spectrum of renal and extra-renal manifestations, genetic 
testing has been recommended to confirm the diagnosis of Alport 
Syndrome. Additionally, genetic testing is more sensitive and specific 
when compared to kidney biopsy findings and is currently considered 
as the gold standard to establish the diagnosis.(3) When genetic test 
allows for the diagnosis of AS, renal biopsy is no longer necessary. 

AS patients are at increased risk of development of progressive 
kidney disease, albeit this risk may be mitigated by timely initiation 
of therapy.(6,20)  Although current treatment does not provide a 
cure, it can delay the progression of Alport nephropathy, especially 
if initiated before any reduction in GFR.(5,21,7,22) It is recommended 
to start angiotensin-converting enzyme inhibitors at the time of 
diagnosis in males with XLAS and in both males and females with 
ARAS, at the time of onset of microalbuminuria in females with XLAS 
and in males and females with ADAS.(23)

Accordingly, in the diagnostic evaluation of a child with hematuria, 
it is of paramount importance to rule out AS, as the therapeutic 
intervention can change the natural course of the disease and delay 

the progression of renal damage. In this scenario, a detailed family 
history of renal disease – hematuria, proteinuria or kidney failure – is 
crucial, and it is important to recognize that different phenotypes can 
be present in AS, depending on the sex, genes affected and type of 
variants inherited.(24) Additionally, pediatric patients can be diagnosed 
after family screening. In general, first-degree family members 
(parents, siblings and offspring) of individuals with AS should undergo 
cascade testing, regardless of the mode of inheritance.(25)

When diagnosing a pediatric AS patient, screening for non-renal 
manifestations is important. Audiology evaluations are advised for 
males with XLAS or males and females with ARAS between the ages 
of 5 and 6, and anyone with type IV collagen mutations and overt 
proteinuria or clinical concern for hearing loss should have formal 
audiology evaluations.(23,24) Hearing loss usually have a good response 
to amplification with hearing aids.(23) Ophthalmologic manifestations 
of AS generally develop after adolescence, and screening males with 
XLAS or males and females with ARAS should begin at age 15-16 
years or sooner if symptomatic.(24) In XLAS females and AD patients 
ophthalmologic should be performed if there is clinical suspicion of 
abnormal vision.(23)

Pediatric AS patients require regular follow-up to initiate therapy 
promptly, reinforce the need for a healthy lifestyle and to monitor 
renal disease. As they grow up, especially during adolescence, it is 
important to improve their understanding about this condition, to 
promote the acceptance, disease management and responsibility 
in the future. This transition process of being care by a caregiver 
to managing disease themselves must be individualized for each 
patient, according to their educational, social and psychological 
characteristics and with the active participation of their parents.(26) 
Providing appropriate and tailored care during this phase is essential 
to minimize the likelihood of treatment interruptions.(27) 
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