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Abstract
Alport syndrome is a hereditary entity that consists of 
alterations in the structure of collagen type IV that leads to 
renal and extrarenal compromise. It is clinically characterized 
by hematuria persistent microscopic and occasionally 
macroscopic, sensorineural deafness, alterations eye 
problems (ocular lenticone former) and progression to end-
stage renal disease. Mutations in the COL4A5 gene are 
responsible for sex-linked syndrome, which represent 85% of 
the cases. The remaining 15% corresponds to alport cases of 
autosomal inheritance (14% recessive and 1% dominant) in 
which cases intervene the COL4A3 and COL4A4 genes. The 
clinical characteristics of Alport syndrome linked to sex are 
the best known, in which the men are affected more 
frequently and are the ones who progress to End-Stage Renal 
Disease (ESRD), women are generally carriers. In autosomal 
forms, the organic commitment is similar but affects men and 
women the same, the objective of presenting this case was to 
review and highlight a rare disease to consider in the 
differential diagnosis of patients with hematuria and kidney 
failure. The objective of presenting this case was to review 
and highlight within a disease, which is already rare, where 
the most frequent type of mutation is the one linked to the X 
chromosome, a case report of Alport syndrome of autosomal 
dominant inheritance, in a patient who comes for clinical 
situation different from clinical manifestations of kidney 
disease and in which analytical studies and radiological 
imaging tests (ultrasound and computed axial tomography) 
reveal advanced chronic kidney disease in which the patient 
definitively requires renal replacement therapy (hemodialysis). 
periodically waiting to be included in the kidney transplant 
waiting list.

Keywords: Alport syndrome; Collagen type IV; Hearing loss; 
Ocular lenticone former; End-stage renal disease

Introduction
    Alport Syndrome (AS) was first described by Cecil Alport in 
1927 as a “congenital familial hereditary hemorrhagic nephritis”.

Furthermore, it usually affects the eye and cochlea, to different 
magnitudes, within a wide variety of phenotypes. AS is found in 
about 3% of children with end-stage renal disease and 0.2% of 
adults in the United States, with a higher incidence and severity in 
men than in women. This pathology is the product of an 
alteration of the basement membranes, secondary to a defect in 
type IV collagen that usually leads to compromise of the 
glomerular basement membrane with hematuria. Collagen IV is a 
class of extracellular matrix protein found ubiquitously in 
basement membranes of various organs, including kidneys. Six 
collagen IV a chains, a1(IV) to a6(IV), encoded by COL4A1 to 
COL4A6 genes, respectively, assemble into three different 
heterotrimers: Collagen a1a1a2(IV), a3a4a5(IV) and a5a5a6(IV). 
Collagen a3a4 a5(IV) is the major component of the mature 
Glomerular Basement Membrane (GBM), though there is a thin 
layer of collagen a1a1a2(IV) at the GBM’s endothelial aspect. 
Pathogenic variants in COL4A3, COL4A4, or COL4A5 leading 
to absence or disruption of the GBM collagen a3a4a5(IV) 
network cause Alport Syndrome (AS); thus, these will be 
referred to as alport genes in this article. The “classic” 
AS presentation is characterized by childhood-onset hematuria, 
later onset proteinuria, progressive decline in kidney function 
and Kidney Failure (KF) in adolescence or young adulthood, along 
with sensorineural hearing loss and eye abnormalities. Because 
COL4A5 is X-linked, male patients with X-Linked Alport 
Syndrome (XLAS) typically exhibit more severe symptoms than 
females with XLAS. In contrast, COL4A3 and COL4A4 are on 
chromosome 2 and variants cause the more rare Autosomal 
Recessive Alport Syndrome (ARAS), which affects males and 
females equally.

Heterozygous COL4A3 and COL4A4 variants have been linked 
to Thin Basement Membrane Nephropathy (TBMN), also called 
Benign Familial Hematuria (BFH). However, these are now 
considered disfavored terms for less severe kidney diseases 
within the alport spectrum and in some cases have been 
classified as autosomal forms of AS. Moreover, a variable degree 
of GBM thinning is in some cases the only early pathologic 
finding in diseases within the alport spectrum and is quite 
common, making “thinning of GBM” a nonspecific finding. 
Therefore, it has been suggested that “thin basement membrane 
lesion” be used as a term to describe the pathology rather than
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to justify a diagnosis of TBMN as a specific disease entity. With 
the increased utilization of molecular genetic testing in 
clinical practice, pathogenic variants in alport genes have 
been increasingly reported in patients with diverse clinical 
presentations, including a more proteinuria-predominant 
phenotype (nephrotic-range proteinuria or steroid-resistant 
nephrotic syndrome), kidney failure of unknown etiology, familial 
Immunoglobulin A (IgA) nephropathy with thin basement 
membrane and renal cysts in whom polycystic kidney disease has 
been ruled out. Several studies also consistently reported that 
pathogenic alport gene variants are the most frequently found 
genetic abnormalities in adult-onset familial nephrosis with Focal 
Segmental Glomerulosclerosis (FSGS) lesions. Detection of alport 
gene variants among patients with diverse clinical presentations 
challenges the traditional classification of AS/TBMN/BFH/ADAS 
and newer terms such as “spectrum of Alport syndrome”, “alport-
related nephropathy”, “collagen IV related renal disease” and 
“collagen IV associated nephropathy” have been used in the 
literature to denote the kidney disease states linked to pathogenic 
variants in COL4A3/A4/A5. This review aims to summarize the 
different clinical manifestations in this disease spectrum and the 
challenges in categorizing patients due to overlapping and 
inconsistent presentations and the complex genetics involved. We 
also put forth the term “Alport kidney disease” to describe 
nonsyndromic kidney disease resulting from pathogenic variants 
in the alport genes. Importantly, retention of “Alport” 
distinguishes COL4A3/A4/A5 nephropathies from the much rarer 
ones caused by variants in COL4A1 and COL4A2 (Gould 
syndrome). We hope this term will be considered for adoption by 
relevant stakeholders, including patients, clinicians, geneticists 
and scientists.

Below, we present the case report of a patient who comes to 
our service with a pathological pattern of advanced chronic 
kidney disease of unknown etiology, with kidney in imaging tests 
with data suggestive of advanced chronic kidney disease (small 
size and lost mark of corticomedullary differentiation with the 
need to start renal replacement therapy (hemodialysis), without 
significant pathological or surgical history and with negativity in 
serological studies for infectious and autoimmune diseases, 
in which, thanks to the massive genetic sequence study (known 
in our department as Renal Exome Panel) a homozygous 
mutation is detected in the COL4A3 gene, in the form of 
autosomal dominant inheritance, establishing a "homozygous 
autosomal dominant inheritance Alport syndrome" as the 
cause of chronic kidney disease.

Case Presentation
Clinical history and follow-up

22-year-old patient, women, native of Morocco, without
medical-surgical history and without known usual underlying 
treatment. No history of consumption of NSAIDs or any other 
nephrotoxic drug. No history of smoking, alcoholism or 
psychoactive drug use.

Family medical history
Father and paternal grandmother of nephropathy whose 

cause cannot be specified. Younger sister who is being studied in 
the Pediatrics department for alterations in urinary sediment 
(microhematuria).

We present the case report of a female patient who went to 
the emergency department due to trauma to the right rib area 
due to a traffic accident (fall as a result of a collision with a car) 
and in which insufficiency was detected in the analysis. Severe 
kidney disease (serum creatinine of 5.79 mg/dl, previous analysis of 
3,4 and 5 years ago with creatinine levels within the normal 
range), microscopic hematuria (10-20 red cells per high-power 
field) not present in previous urine tests and proteinuria of 3 g in 24 
h urine with albuminuria of 1970 mg in 24 h not present in 
urine tests either previous. In which in the computed axial 
tomography of the abdominopelvic area and in the renal and 
urinary tract ultrasound, small kidneys (7 cm) were observed, 
with complete loss of corticomedullary differentiation, so biopsy 
was ruled out. Renal, profile of autoimmunity studies, serum 
complement, serum proteinogram and normal immunoglobulins. 
Only lupus anticoagulant stands out, but with negative 
antiphospholipid antibodies (cardiolipin and beta-2glycoprotein-I) 
and serology without alterations are observed. Due to non-
recovery of renal function and appearance of uremic symptoms, 
renal replacement therapy (hemodialysis) was initiated through a 
temporary right femoral catheter and subsequently, given the 
sustained situation of end-stage renal disease, a right jugular 
tunneled permanent catheter was placed to continue the 
hemodialysis program. periodically, 3 sessions per week. 
A diagnosis of nephropathy of unknown etiology was 
established and a massive genetic sequence study was requested, 
determining the presence of a mutation in homozygous 
pathogenic variation of an amino acid change (see below) in 
the COL4A3 gene with an autosomal dominant pattern in 
homozygosity, establishing a diagnosis of kidney disease. terminal 
chronic secondary to Alport syndrome of autosomal dominant 
homozygous inheritance. Currently pending inclusion on the 
waiting list for kidney transplant. In a color Doppler 
echocardiogram study, no alterations were detected. An 
ophthalmology study was also requested to rule out alterations in 
the crystalline area, with the same negative results and an 
audiometric study that was also normal.

Given the non-recovery of kidney function, it was decided to 
place a right jugular tunneled catheter and establish a periodic 
hemodialysis regimen of 3 weekly sessions.

Discussion
Alport syndrome (previously known as hereditary nephritis) 

and is considered and is considered the second most common 
inherited kidney disease after autosomal dominant polycystic 
kidney disease. In recent years, different opinions have been 
published on the nomenclature of familial hematuria, making the 
term “benign familial hematuria” obsolete, since it has been seen 
that some cases progress to Renal Replacement Therapy (RRT), 
thus eliminating the character of "benign". For a long time, the 
term “thin basement membrane disease” has also been used, 
being a histological concept that does not consider genetics or 
clinical features and there are also other entities that can present 
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it. The clinical presentation is very variable: From asymptomatic 
patients or with microhematuria, to bilateral sensorineural 
hearing loss, ocular involvement, proteinuria and progression to 
Sleep Disordered Breathing (SDB). In the case at hand, our 
patient presents a pathogenic variant of the COL4A3 gene of 
autosomal dominant inheritance in a homozygous form and 
evolution of chronic kidney disease to an advanced stage before 
the age of 30, which suggests that there could be environmental 
factors that would favor the high penetrance of the disease.

Genetics
Alport syndrome is a primary basement membrane disorder 

that arises from pathogenic variants in genes encoding several 
members of the collagen IV protein family. Collagen IV molecules 
are composed of three alpha chains that form triple helical 
structures through specific interactions of C-terminal non-
collagenous domains [1]. Six distinct chains of type IV collagen 
are encoded by six different genes that are distributed in head-
to-head pairs on three chromosomes (Figure 1).

Figure 1: In (Panel A): Protomers create basement membrane 
networks with other protomers by linking two NC1 trimers to 
form an interface hexamer; (Panel B): At the C terminus and 
linking four triple-helical 7s domains at the N-terminus.

The genes include:

• COL4A1 and COL4A2 in 13q34

• COL4A3 and COL4A4 in 2q35-37

• COL4A5 and COL4A6 on the X chromosome

The six alpha chains of collagen IV form three triple helical
protomers: Alpha-1-1-2, alpha-3-4-5 and alpha-5-5-6. These 
protomers are organized into networks by end-to-end 
connections through C-terminal and N-terminal interactions. 
Genetic analyzes of affected families have identified the affected 
genes for the four different modes of transmission observed in 
patients with Alport syndrome, which are discussed in the 
following sections [2]:

• X-linked
• Autosomal recessive
• Autosomal dominant
• Digenic

Pathogenic variants in the COL4A3, COL4A4 and COL4A5
genes disrupt the synthesis and/or formation of collagen IV 
alpha-3-4-5 protomers and networks. Based on pedigree studies, 
linkage analysis and Sanger sequencing, the relative frequencies

of the four genetic types were estimated at 80% for X-linked 
disease, 15% for autosomal recessive disease, less than 5% for 
autosomal dominant disease and case reports for digenic 
inheritance. However, studies using next generation sequencing 
in Alport families suggest that autosomal dominant Alport 
syndrome may occur more frequently (20 to 30 percent of 
patients) than previously thought.

X-Linked Alport Syndrome (XLAS)
A few years ago it was considered the most common form

because it had a classic presentation with kidney involvement at 
an early age, sensorineural hearing loss and ocular alterations. It 
is caused by pathogenic variants in the COL4A5 gene. Male 
patients with XLAS usually present with hearing loss and 
progress to Sensorineural Deafness Bilateral (SDB) in the second 
or third decade of life. While around 12% of women with XLAS 
can progress to SDB before the age of 40, increasing to 30 and 
40% at 60 and 80 years respectively [3]. Affected men do not 
transmit the disease to their sons, however they have a 100%
probability of transmitting it to their daughters. Women with 
XLAS have a 50% chance of having affected offspring. The 
variable course in females is probably due to lionization, by 
which only one X chromosome is active per cell. As a result, in 
most women with X-linked Alport syndrome, approximately half 
of the cells will express the variant COL4A5 allele and the 
remaining cells the normal COL4A5 allele, leading to a variable 
phenotype that is usually less severe than in affected men.

Autosomal Recessive Alport Syndrome (ARAS)
Patients with ARAS have 2 pathogenic variants inherited from 

both parents in the COL4A3 or COL4A4 genes. The COL4A3 and 
COL4A4 genes encode the alpha-3(IV) chain (containing the 
Goodpasture antigen) and the alpha-4(IV) chain, respectively.

Patients with ARAS, both men and women, usually develop 
hearing loss and progress to SDB before the age of 30. The 
parents have an autosomal dominant inheritance pattern and 
may be clinically asymptomatic, present microhematuria or 
present SDB at usually advanced ages [4]. Currently, for experts 
it is not clear whether these patients with a COL4A3 or COL4A4 
variant, being asymptomatic, could be considered as autosomal 
dominant alport or would only be a risk factor for chronic kidney 
disease, given the high frequency of these variants in the 
population general [5].

Autosomal Dominant Alport Syndrome (ADAS)
Patients with ADAS have a pathogenic variant in the COL4A3 

or COL4A4 gene and the clinical presentation is as varied as 
microhematuria only or evolving to SDB at advanced ages, 
generally after 40 years. Ocular and auditory involvement is 
much less common than in XLAS and ARAS [6,7].

In 2021, a cohort of 252 patients with a diagnosis of ADAS has 
been published, where it has been observed that the age of renal 
survival was 67 years, extrarenal affections were very rare and 
highlighting that of the patients who did not have proteinuria, 
none of them progressed to chronic kidney disease [8].
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Recently, a study was published on the prevalence of variants 
in COL4A3 and COL4A4 in the general population without known 
kidney disease, highlighting that 1/106 individuals may have one 
of these variants. Importantly, the pathogenicity of these genetic 
variants must be adjusted to the penetrance of the disease and 
the individual variants. The penetrance of the disease may also 
depend on other genetic and environmental factors. Therefore, 
calling all individuals who have one of these variants in COL4A3 
or COL4A4 autosomal dominant Alport syndrome is not very 
clear, since it could only be a risk factor without yet being able to 
explain why such a low percentage of those individuals evolve to 
SDB.

Alport with digenic inheritance
In recent years, cases of AS with digenic inheritance have been 

described, that is, with pathogenic variants in 2 type IV collagen 
genes at the same time, which could justify a more severe 
clinical presentation, but this premise is not met in all series 
published [9].

Alport syndrome with digenic inheritance is due to a 
pathogenic variant in COL4A5 plus one in COL4A3 or COL4A4 or 
by a pathogenic variant in COL4A3 plus one in COL4A4. These will 
be considered separately due to their population frequencies, 
modes of inheritance and because their clinical and molecular 
consequences are different. For digenic variants affecting 
COL4A5 plus COL4A3 or COL4A4, many of the characteristics 
depend on whether the COL4A5 variant affects a male or female 
and in all patients, the severity variant also contributes to the 
phenotype [10].

Contiguous genes syndrome associated with X-
linked Alport syndrome

“Contiguous genes” syndrome is caused by a deletion of the 5' 
end of the COL4A5 gene that includes the COL4A6 gene. It is 
characterized by presenting genital, uterine and esophageal 
leiomyomatosis associated with XLAS [11].

Pathogenesis
The elucidation of the pathogenesis of alport syndrome was 

facilitated by the chance observation that the Glomerular 
Basement Membrane (GBM) of most affected patients did not 
bind to antibodies from patients with anti-GBM antibody disease 
(including Goodpasture syndrome) [12]. This finding suggested 
an abnormality in collagen IV, the target protein of anti-GBM 
antibodies. Alpha-3, alpha4 and alpha-5 (IV) chains are highly 
expressed and codistributed within normal GBM. They form a 
collagen IV network within the GBM that is distinct from that 
formed by the alpha-1 (IV) and alpha-2 (IV) chains. Pathogenic 
genetic variants affecting alpha-3, alpha-4 and alpha-5 (IV) 
chains impair their deposition in this collagen network, leading 
to secondary changes in the GBM and resident glomerular cells 
that predispose to development of glomerulosclerosis. Abnormal 
expression of collagen IV alpha-3-4-5 networks in the basement 
membranes of the eye and cochlea results in specific ocular 
abnormalities and sensorineural hearing loss.

Monoclonal antibody probes have been used to determine the 
tissue distribution of alpha-3, alpha-4 and alpha-5 (IV) chains in 
normal tissues and tissues from patients with Alport.

Collagen IV chains are normally located in Bowman's capsule 
and in the basement membranes of the glomerulus, the distal 
and collecting tubules and the basement membranes of the 
cochlea and eye. Therefore, an abnormality in any of these 
chains can impair the integrity of the basement membranes at 
these sites, leading to the various clinical findings of alport 
syndrome. In most patients with alpha-5(IV) variants, alpha-3, 
alpha-4 and alpha-5(IV) chains are absent from the GBM [12]. 
However, transcription of the alpha-3(IV) and alpha-4(IV) genes 
is not inactivated in the renal cortex, suggesting that failure to 
incorporate these chains is responsible for the lack of glomerular 
expression and not from synthesis failure [13].

In normal individuals, the alpha-5(IV) chain is present in the 
underlying basement membrane of the epidermis as a 
component of the alpha-5-5-6 networks. In individuals with 
variants in the COL4A5 gene on the X chromosome (i.e., X-linked 
inheritance), there is a complete absence of alpha-5(IV) chain 
within the epidermal basement membranes in the majority of 
affected males.

Diagnosis
The diagnostic algorithm is illustrated in (Figure 1).

Genetic study
The definitive diagnosis is genetic study, reducing the risk of 

complications from diagnosis by kidney biopsy. The index case is 
usually studied using a gene panel or exome and then family 
segregation is carried out, that is, the pathogenic variant found 
in the rest of the available relatives is checked [14].

Once the pathogenic variant is identified, genetic counseling 
should be performed. Those patients with gestational desire 
should be offered the possibility of prenatal and preimplantation 
diagnosis.

Genetic study is indicated in all cases of suspected AS.

Pathology
Pathology of Alport syndrome is speci ied by the following:

Kidney immunostaining: Immunostaining of renal biopsy 
specimens for collagen IV may be diagnostic for patients with 
suspected Alport syndrome (Figure 2). (A,D): In control kidney, 
the α1(IV) chain is present in the mesangial matrix, Bowman's 
capsule and the extraglomerular basement membranes; (B and 
C): The α3(IV) and α5(IV) chains are distributed within the GBM. 
The Bowman's capsule is strongly α5(IV)-positive en C; (E,I): In X-
linked Alport syndrome, no α3(IV) expression was detected in a 
male patient (id for α4-α5). In both types of Alport syndrome 
(XLAS and ARAS), α1(IV) is diffusely expressed in the GBM; (G,H): 
In X-linked Alport syndrome, the distribution is segmental in a 
female patient; (I,J,K,L): In autosomal recessive Alport syndrome, 
no α3(IV)-α5(IV) labeling is detected in the GBM; (J): Whereas
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α5(IV) is expressed in Bowman's capsule; (K): And the basement
membranes of the collecting ducts (L).

X-linked disease: Men with X-linked Alport syndrome usually 
show a complete absence of immunostaining for alpha-3, 
alpha-4 and alpha-5(IV) chains in the kidneys, whereas they 
present an irregular loss of staining in the GBM and tubular 
basement membranes.

As with alpha-5(IV) chain skin staining, approximately 20% of 
men with X-linked Alport syndrome have normal staining of the 
kidney basement membranes for alpha-3, alpha -4 and alpha5 
(IV). Further quantitative analysis reveals lower amounts of 
alpha-3, alpha-4 and/or alpha-5(IV) chains in these cases 
compared to healthy controls. Some of these patients have 
missense variants of COL4A5, which may explain the detection of 
alpha IV chains with immunostaining, although with lower 
intensity [15].

Autosomal recessive disease: People with autosomal recessive 
Alport syndrome have abnormalities in collagen IV expression 
that differ from those in patients with X-linked disease. These 
patients usually have a complete absence of staining for alpha 
chains. Alpha-3 and alpha-4(IV).

However, while their Glomerular Basement Membranes (GBMs) 
do not show staining for the alpha-5(IV) chain, Bowman's capsules 
and distal tubular basement membranes do stain for the alpha5(IV) 
chain. This observation can be interpreted as a failure of the 
alpha-5(IV) chain to be deposited in the GBM due to the absence of 
the alpha-3 and alpha-4(IV) chains, but the alpha-5(IV) chain, 
together with the alpha-6(IV) chain, it is deposited in the basement 
membranes of the distal tubule, Bowman's capsules and the 
epidermis [16].

Kidney and skin biopsy

Currently, kidney or skin biopsy is not routinely performed for 
diagnosis. Histologically, the renal biopsy is characterized by 
presenting thinning of the thin basement membrane under the 
electron microscope. Under the light microscope, the findings 
can be normal, present as mesangial proliferation with 
nonspecific deposits of IgM and C3, or in more advanced stages 
such as focal and segmental glomerulosclerosis [17]. For those 
cases in which the clinical evolution is not typical of AS, with 
unexpected deterioration in renal function, a renal biopsy would 
be justified. Skin biopsy is not currently considered useful.

Histological changes: Changes on light microscopy are 
nonspecific and include focal increases in glomerular cellularity, 
progressing to glomerulosclerosis and interstitial fibrosis-
tubular atrophy over time and an interstitial infiltrate 
containing lipid-laden foam cells. Typically, histological changes 
in Alport syndrome increase in severity with age.

The earliest ultrastructural lesion is thinning of the GBM. Over 
time, a longitudinal unfolding of the lamina dense of the GBM 
develops, producing a laminated appearance that is diagnostic of 
Alport syndrome. In men with X-linked Alport syndrome, 
the proportion of GBM showing division increases from 
approximately 30% at 10 years to more than 90% at 30 years. A 
similar progression is likely to occur in patients with autosomal 
recessive Alport syndrome. Women with X-linked Alport 
syndrome and men and women with autosomal dominant Alport 
syndrome, may have thin GBM or a mixture of thin and lamellar 
GBM.

Renal biopsy of affected individuals at an early age may reveal 
only nonspecific light microscopic changes and not definitive 
electron microscopy findings. However, immunostaining results 
for collagen IV alpha chains are frequently diagnostic even in the 
absence of specific ultrastructural changes. In some patients, less 
invasive skin biopsy with appropriate immunohistochemical 
analysis may be the preferred diagnostic study [18].

Skin: Immunohistochemical studies with a monoclonal 
antibody directed against the alpha-5(IV) chain demonstrate the 
complete absence of the alpha-5(IV) chain within the epidermal 
basement membranes in the majority of men with Alport 
syndrome linked to chromosome X, while female carriers have 
discontinuous staining (Figure 2). This latter observation is 
compatible with lyonization in female carriers, in whom half of 
their cells would be expected to express a normal alpha-5(IV) 
chain. However, conventional immunofluorescence microscopy 
will detect the alpha5(IV) chain from the skin in about 20% of 
men with X-linked Alport syndrome and 30%-40% of 
heterozygous women. All patients with autosomal recessive and 
autosomal dominant Alport syndrome have normal skin 
reactivity for alpha-5(IV) (Figure 3). Therefore, the presence of 
epidermal basement membrane staining for alpha-5(IV) does not 
exclude the diagnosis of X-linked or autosomal Alport syndrome. 
However, the absence of alpha-5(IV) chain in a skin biopsy is 
diagnostic of X-linked Alport syndrome [19].

Figure 2: The analysis was carried out on control, against 
chains α1(IV) (A,B,C), α3(IV) (D,E,F) or α5(IV) (G,H,I,J). Double 
labeling was performed with anti-α2(IV) in red and anti-α5(IV) 
in green (K,L). In the control kidney, the α1(IV) chain is present 
in the mesangial matrix, Bowman's capsule and extraglomerular 
basement membranes.

bold
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Clinical manifestations
Clinical manifestations are mentioned as below:

Kidney involvement: Hematuria is the most important sign, 
whether persistent or intermittent microhematuria or episodes 
of macroscopic hematuria associated with respiratory infections. 
In addition, they may present proteinuria that increases with age 
and may progress to nephrotic syndrome and SDB. The degree of 
kidney involvement presents great intrafamilial variability. The 
renal replacement treatment of choice is kidney transplantation. 
Some cases of transplant patients with AS who developed anti-
GBM Ab with loss of the kidney graft have been described, but 
with the advance of immunosuppressive treatments, this 
percentage has decreased from 1%-5% to 0.4% in recent records 
[20].

Eye involvement: Ocular involvement appears in 15%-40% 
of cases. Bilateral anterior lenticonus is the practically 
pathognomonic lesion. It appears during the second decade of 
life, does not cause vision loss and does not require follow-up. In 
addition, they may present lesions in the cornea, lens and retina 
(cataracts, corneal erosions, retinal flaws). Generally, an annual 
control is carried out depending on the type of pathology [21].

Hearing impairment: Sensorineural hearing loss is not 
congenital; it usually appears in late childhood or early 
adolescence. The diagnosis is made with audiometry and the 
involvement is bilateral for highpitched sounds (frequency 
4000-8000 Hz). It tends to be more common in adolescence in 
patients with XLAS and ARAS. 

MYH9 nephropathy: Pathogenic variants in the MYH9 gene 
produce a clinical picture that is characterized by the presence 
of macrothrombocytopenia, leukocyte inclusions and a variable 
risk of developing microhematuria, renal failure, hearing loss 
and cataracts in youth or adulthood. It is transmitted with an 
autosomal dominant inheritance pattern. The group of diseases 
caused by pathogenic variants in the MYH9 gene were 
grouped into four syndromes characterized by presenting 
macrothrombocytopenia associated with other diseases. 
Historically, two of these syndromes, Fechtner syndrome and 

Epstein syndrome, presented renal involvement and were 
considered variants of Alport syndrome [22].

HANAC syndrome: It is caused by pathogenic variants in the 
COL4A1 gene with an autosomal dominant inheritance pattern. 
Clinically it is characterized by the association of hematuria, with 
or without proteinuria, retinal hemorrhages due to tortuosities in 
the retinal arteries, cardiac arrhythmia, Raynaud's phenomenon 
and muscle contractures. Unlike other forms of familial hematuria, 
the published cases presented non-glomerular anomalies and at a 
histological level the thickness of the basement membrane is 
usually normal, as well as the expression of type IV collagen chains 
[23].

Differential diagnosis: Alport syndrome is often differentiated 
from other major causes of persistent glomerular hematuria by a 
positive family history of hematuria associated with renal failure 
and deafness. Other glomerular disorders that occur in children 
with microscopic hematuria include IgA nephropathy, in which 
the family history is usually negative and "Thin Basement 
Membrane Nephropathy" (TBMN), in which the family history 
may be positive for hematuria, but renal failure and deafness are 
usually absent or occur relatively late in life. However, some 
experts in the field, including the author, consider TBMN to be 
an autosomal dominant Alport syndrome, as these patients 
typically have heterozygous variants in the COL4A3 or COL4A4 
genes.

As noted above, the diagnosis of Alport syndrome is 
differentiated from other glomerular diseases by confirmatory skin 
or kidney biopsy or molecular genetic testing. Alport syndrome is 
distinguished by the presence of the characteristic finding of 
Glomerular Basement Membrane (GBM) lamination in renal 
biopsy specimens or collagen IV abnormalities by immunostaining 
or by the identification of pathogenic variants in COL4A3, COL4A4, 
or COL4A5. As noted above, in this author's opinion, thin GBMs 
with or without focal segmental glomerulosclerosis in a patient 
with a COL4A3, COL4A4, or COL4A5 variant are correctly diagnosed 
as Alport syndrome.

Megathrombocytopenia (thrombocytopenia with large or giant 
platelets) has been described in some families with autosomal 
dominant glomerulopathy and sensorineural deafness. This 
complex has been called Epstein syndrome or Fechtner syndrome 
when associated with cytoplasmic inclusions of leukocytes. These 
disorders have been mapped to chromosome 22 and are the result 
of variants in the gene encoding non-muscle myosin heavy chain 9 
(MYH9). Variants of this gene can also cause Sebastian syndrome, 
another giant platelet disorder and hereditary nonsyndromic 
deafness [24].

Prognosis: In the X-linked disease form, the most common 
type of Alport syndrome, about 50% of males require dialysis or 
kidney transplantation by 30 years and approximately 90%
develop ESRD before 40. Female patients with X-linked Alport 
syndrome have a better prognosis, with about 12% developing 
End-Stage Renal Disease (ESRD) by age 40. However, studies 
indicate significant renal morbidity in females with proteinuria 
and hearing impairment.

Figure 3: Electron micrograph of a patient with Alport 
syndrome shows the thickening, fraying and laminations 
(arrow) characteristic of GBM.

https://clinical-experimental-nephrology.imedpub.com/


Journal of Clinical & Experimental Nephrology
ISSN 2472-5056 Vol.9 No.4:262

2024

© Copyright iMedPub 7

   By age 60, this rate increases to about 30% and by 60 years of 
age, the rate of ESRD approaches 40%. In the female population, 
proteinuria and hearing loss are risk factors for the progression 
to ESRD. In comparison, the autosomal recessive form of Alport 
syndrome can cause kidney failure by age 20. In contrast, the 
autosomal dominant form of the disease typically has a delay in 
ESRD until middle age [25].

Deterrence and patient education: Patients should be given 
information leaflets regarding symptoms of renal failure and its 
systemic effects. Parents of affected children should be 
knowledgeable about the signs and symptoms of the disease that 
warrant hospital admission. Family members of patients with 
Alport syndrome should consult their primary care providers to go 
through screening as per the local guidelines. Patients with Alport 
syndrome should undergo genetic counseling before getting 
married and having children. There are various support groups 
available that can help patients and their families have better 
handling of their circumstances.

Treatment and follow-up: Hematuria does not require 
treatment. But when albuminuria/proteinuria appears, it is 
necessary to start treatment with inhibitors or antagonists of the 
renin angiotensin aldosterone system to delay its evolution to TRS. 
Several studies have shown that RAS blockade therapy reduces 
proteinuria and decreases the rate of glomerulosclerosis and 
disease progression in patients with Alport syndrome. Additional 
data suggest that early RAS blockade therapy is beneficial and safe 
in patients who have microalbuminuria but have not yet 
developed overt proteinuria. As a result, the Alport syndrome 
research collaborative’s clinical practice recommendations were 
updated to initiate earlier intervention. These guidelines 
recommend initiation of RAS blockade at the time of diagnosis in 
men with X-linked Alport syndrome and men and women with 
autosomal recessive Alport syndrome, regardless of whether 
microalbuminuria or proteinuria is present and in women with X-
linked Alport syndrome and men and women with autosomal 
dominant Alport syndrome if persistent microalbuminuria is 
present.

In a large study of patients with Alport syndrome followed by 
the European alport registry for a mean duration of more than 
20 years, initiation of ACE inhibitors was found to delay dialysis 
in patients with proteinuria and normal renal function in 
compared to those who never received such therapy or who 
received treatment only when they developed impaired renal 
function (dialysis initiated at a mean age of 40, 22 and 25 years, 
respectively). In a subsequent prospective report, RAS blockade 
therapy was also effective in preventing progression in renal 
function decline in patients with autosomal or X-linked Alport 
syndrome with heterozygous mutations in type IV collagen 
genes.

In a large retrospective study of Japanese patients with X-
linked disease, treatment with RAS blockade therapy was 
associated with a delay in the onset of renal failure (previously 
referred to as end-stage renal disease). Exposure to RAS blocking 
therapy vs no exposure delayed renal failure with truncating 
(median age 28 vs. 16 years) and non-truncating (median age 50 
vs. 33 years) mutations.

   Currently there is no specific treatment for AS, but several studies 
are underway with different drugs such as anti- miRNA21, STAT3 
inhibitors, estimated Glomerular Filtration Rate (eGFR) inhibitors, 
paricalcitol that would act by reducing the degree of renal fibrosis 
and its evolution to SDB. At the moment, the FDA has not 
approved bardoxolone for patients with Alport syndrome because 
it has not shown sufficient benefit to slow the deterioration of 
kidney function. The Dapagliflozin and Prevention of Adverse 
outcomes in Chronic Kidney Disease (DAPA-CKD) clinical trial 
suggests a beneficial effect of Sodium-Glucose Transport Protein 2 
(SGLT2) inhibitors in Chronic Kidney Disease (CKD) of non-
metabolic origin, where the number of patients included with 
Alport syndrome was low and, therefore, the conclusions cannot 
be extrapolated to this population at this time and its study should 
be expanded. The EMPA-KIDNEY study was recently published in 
which it was observed that empaglifozin slows the decline in 
glomerular filtration in all subgroups with albuminuria, so SGLT2 
inhibitors could be beneficial for Alport syndrome. The 
observational study “Guard Alport” will be carried out by Prof. 
Oliver Gross, where the effect of Sodium-Glucose Linked 
Transporter (SGLT) inhibitors will be studied in patients diagnosed 
with Alport syndrome (NCT02378805). Therapies with stem cells 
that would act at the level of the glomerular basement membrane 
and chaperones that could act directly on the triple helix of the 
collagen IV chain are in the research stage.

In the case of our patient, there was no possibility of treatment 
improvement with the strategy of Renin-Angiotensin-Aldosterone 
System (RAAS) blockade and SGLT inhibitors because she already 
presented with advanced kidney disease [26-29].

Conclusion
The genetic and clinical complexities of Alport syndrome and 

the related alport kidney diseases make the classification of 
patients with less severe manifestations difficult and subjective. 
These patients are much more numerous than those with classic 
severe AS, so there is an urgency to ensure that they receive 
appropriate attention and care from nephrologists even if the risk 
of KF is low. Although the working group recommended 
classifying patients based on mode of inheritance, in this review 
we proposed a more detailed patient classification across the 
disease spectrum by severity of AS phenotypes, from the classic 
severe AS (XLAS in males and ARAS), in which there is no intact 
collagen α3α4α5(IV) in the GBM, to hematuric Alport kidney 
disease, the most favorable prognosis with only a slightly 
increased risk of KF over the general population. We also 
emphasized those patients with a proteinuria-predominant 
Alport kidney disease presentation (Group 3) who might be 
diagnosed as FSGS and given unnecessary immunosuppressive 
therapy. It is now clear that a variant in COL4A3, COL4A4 and 
COL4A5 is a risk factor for CKD. Whether one thinks of people 
with these variants as having a single disease with a spectrum of 
phenotypes (Alport syndrome) or as having distinct disorders 
(Alport syndrome or thin basement membrane nephropathy), it is 
important that they have regular follow-up by a primary provider 
or nephrologist and initiation of ACE-inhibitor therapy when 
appropriate. It is likewise vital that clinicians attempt to establish
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a definitive diagnosis in people with persistent glomerular 
hematuria. Individuals diagnosed with Alport syndrome or found to 
have COL4A variants should be informed by clinicians about Alport 
syndrome registries to help further our understanding of the 
disease and responses to intervention.
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