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Abstract: Alport syndrome is a multisystem disorder that universally affects the kidney and
frequently involves the inner ear and the eye. Over the course of a lifetime, addressing the
health care needs of a person with Alport syndrome and their family entails the services of
primary providers, nephrologists, genetic counselors, audiologists, ophthalmologists, trans-
plant physicians, kidney dieticians, and social workers as well as other healthcare profes-
sionals. This article attempts to provide context and guidance regarding the multidisciplinary
care of Alport syndrome based on the natural history of the condition.
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Introduction

Alport syndrome is a genetic disorder of basement membrane collagen IV caused
by pathogenic variants in the COL4A3, COL4A4 and COL4A5 genes.' The COL4A5
gene is located on the X chromosome while the COL4A43 and COL4A4 genes reside
on chromosome 2, resulting in three major genetic types of Alport syndrome —
X-linked, autosomal recessive and autosomal dominant. The variants in the
COL4A43, COL4A4 and COL4A5 genes disrupt the normal composition, structure
and function of specific basement membranes in the kidney, inner ear (cochlea) and
eye, resulting in progressive kidney disease, hearing loss and ocular anomalies in
many affected individuals. Consequently, the medical journey of people with Alport
syndrome involves multiple primary and subspecialty providers. The purpose of
this monograph is to discuss the roles of care providers in the diagnosis and
management of Alport syndrome.

Clinical Natural History of Alport Syndrome

The clinical manifestations of Alport syndrome, and the associated physical, emo-
tional and financial burdens of the disorder, develop over time. In order to under-
stand how physicians and allied professionals become involved in the care of
people with Alport syndrome it is helpful to appreciate the temporal features of
involvement of the kidney, cochlea and eye in people with Alport syndrome.

Manifestations of Alport Syndrome in the Kidney

The kidneys of newborn infants with Alport syndrome are grossly normal in
structure, and the excretory, filtration and endocrine processes of the kidneys
generally remain in the normal range for at least the first several years of life.
However, at a molecular level the kidneys of these children are abnormal. Under
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normal circumstances the predominant form of collagen in
glomerular basement membranes (GBM) is a scaffold
composed of the collagen IV a3, 04 and a5 chains (the
a345 collagen 1V scaffold). In people with Alport syn-
drome, variants in the COL4A3, COL4A4 or COL4AS5
chains, the genes respectively encoding the a3, a4 and
a5 collagen IV chains, prevent or depress the normal
deposition of the o345 collagen IV scaffold in GBM.
Consequently, the predominant form of collagen in the
GBM of people with Alport syndrome is a scaffold com-
posed of al and a2 collagen IV chains (the al12 collagen
IV scaffold).”’ The replacement of the a345 collagen IV
scaffold by the al12 collagen IV scaffold allows normal
glomerular development in utero, but the a112 collagen IV
scaffold is not sufficient to maintain the normal structural
and functional properties of GBM over time, likely due to
differences in molecular crosslinking that limit the strength
of the a112 collagen IV scaffold, altered interactions with
glomerular visceral epithelial cells (podocytes) and
changes in intracellular signaling that promote the synth-
esis and anomalous deposition of certain laminins and
other collagens (collagen V, collagen VI) and extracellular
matrix proteins in the GBM.** At the level of electron
microscopy, the abnormalities of the 0345 collagen IV
scaffold are manifested initially as attenuation of the
GBM. Over time there is progressive thickening and dis-
organization of the GBM, and gradual disappearance of
the foot processes of glomerular podocytes.®

The earliest clinical finding in children with Alport
syndrome is hematuria (blood in the urine).” The hema-
turia may be macroscopic, resulting in tea- or cola-colored
urine or diaper stains, but is more often microscopic, that
is detectable only by microscopic examination or urine
dipstick. Macroscopic hematuria is likely to lead to eva-
luation by a primary care provider and, at some point,
referral to pediatric nephrology or urology. Microscopic
hematuria may go undetected for years, since routine
urinalysis is often not performed in children, at least in
the United States. Microscopic hematuria may be detected
incidentally, for example during evaluation of febrile ill-
ness, or may be revealed by intentional screening because
of a known family history of Alport syndrome. Hematuria
in people with Alport syndrome likely results from tiny
ruptures in glomerular capillary walls, due to attenuation
of the GBM.®

The kidney glomerulus is a selective filter that allows
passage from blood to urine of large daily volumes of
water and small solutes, but restricts the movement of

plasma proteins, particularly those with a molecular
weight above 60 kilodaltons, such as albumin. Selectivity
of filtration relies on the complex organization of glomer-
ular endothelial cells, GBM and glomerular visceral
epithelial cells into a semipermeable barrier. This barrier
breaks down as people with Alport syndrome age, allow-
ing passage of albumin and other large proteins in quan-
tities that exceed the absorptive capacities of the cells of
proximal tubules, leading to elevated levels of albumin
(albuminuria) and larger proteins (proteinuria) in the final
urine.

Urinary albumin levels are estimated by the microal-
bumin-to-creatinine ratio and are normally very low
(20 mg/gm creatinine or less). Microalbuminuria, defined
as a urinary microalbumin-creatinine ratio greater than
30 mg/gm creatinine, is frequently detectable in children
with Alport syndrome, and eventually progresses to overt
proteinuria (defined as a urine protein-to-creatinine ratio
greater than 0.2 mg/mg creatinine, corresponding to
a microalbumin-creatinine ratio of about 200 mg/gm
creatinine).’ Losses of protein via the kidneys may even-
tually exceed the synthetic capacities of the liver, leading
to low serum albumin levels (hypoalbuminemia), salt and
water retention and edema, which constitute the nephrotic
syndrome.

The excretory function of the kidneys, that is the elim-
ination of the daily burden of metabolic waste products, is
normal in the early years of life in people with Alport
syndrome. The excretory function of the kidneys is esti-
mated by blood tests, including serum levels of creatinine
and blood urea nitrogen, which increase as excretory func-
tion decreases. In people with Alport syndrome albumi-
nuria and proteinuria precede any decline in excretory
function, often by many years. Declining excretory func-
tion in people with Alport syndrome is associated with the
replacement of normal kidney structures, the glomeruli
and the tubules connected to the glomeruli, by scar tissue,
in a process termed fibrosis.'® As in other chronic kidney
diseases there are multiple drivers of fibrosis in the kid-
neys of people with Alport syndrome, at least some of
which can be slowed or ameliorated by appropriate phar-
macologic intervention. It is the fibrotic process in the
kidneys that leads eventually to kidney failure — the need
for dialysis or kidney transplantation — in people with
Alport syndrome.

The pace of kidney disease progression in people with
Alport syndrome is heavily influenced by the person’s
collagen IV genotype (the type of genetic variant) and,
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for the X-linked form of Alport syndrome (XLAS), by the
person’s sex chromosome complement (XX or XY).'"!?
Genotype and sex chromosome complement also affect the
severity of hearing loss and ocular changes in people with
Alport syndrome, as will be discussed later.

In general, XY individuals with XLAS, who have
a single abnormal copy of the COL4A45 gene, and people
with autosomal recessive Alport syndrome (ARAS), who
have variants in both copies of the COL4A43 or COL4A4
gene, have more rapid progression to kidney failure than
XX individuals with XLAS, who have a normal copy of
the COL4A5 gene as well as an abnormal copy of the gene,
and people with autosomal dominant Alport syndrome
(ADAS), who have a normal copy of the COL4A43 or
COL4A44 gene as well as the variant copy of the gene.

In XY individuals with XLAS, the nature of the change
in the COL4A45 gene is another variable that influences the
age at which kidney failure develops. Variants that prevent
the production of a full-length a5 collagen IV chain, such
as deletion of large portions of the gene, or changes that
disrupt the normal reading of the gene by the cell’s nuclear
machinery (nonsense variants), are associated with more
rapid progression to kidney failure, compared with var-
iants that change a single amino acid in the a5 collagen IV
chain (missense variants).'""'>'* The nature of the
COL4A5 gene variant does not influence kidney disease
progression in XX individuals with XLAS, likely due to
the much stronger effect of random X-chromosome inac-
tivation (the process that determines which X chromosome
is active in the cells of an XX individual).'? The effects of
COL4A43 and COL4A44 genotype on kidney disease pro-
gression in people with ARAS and ADAS are less well
understood and remain under investigation.

Inner Ear Dysfunction in Alport

Syndrome

The a345 collagen IV scaffold is a critical component of
basement membranes of the inner ear that contribute to
normal perception and transmission of aural information to
the brain.'>'® Absence or abnormal function of the 0345
collagen IV scaffold in these inner ear basement mem-
branes interferes with hearing through mechanisms that
are still under investigation. Although the inner ear devel-
ops normally in utero in people with Alport syndrome and
their hearing is normal at birth, sensorineural hearing loss
is frequently detectable in childhood, especially in XY
children with X-linked disease and children with

autosomal recessive Alport syndrome. As with the kidney
disease of XLAS, the onset of hearing loss and the need
for hearing aids occur earlier in XY individuals with
COL4A45 variants that prevent the synthesis of a full-
length a5 collagen IV chain.'' The hearing loss typically
first affects perception of high frequency sounds and over
time increasingly involves frequencies associated with
conversational speech. The hearing loss characteristically
plateaus at a level that is amenable to amplification using
hearing aids. XX individuals with XLAS can also experi-
ence hearing loss, although the risk is lower than in XY
individuals.'”> Hearing loss is relatively unusual in people
with ADAS.""'® Hearing loss in people with Alport syn-
drome is not improved by kidney transplantation.

Eye Changes in Alport Syndrome

The a345 collagen IV scaffold is normally found in sev-
eral basement membranes of the eye, including the base-
ment membrane of the cornea, the basement membrane
surrounding the lens, known as the lens capsule, and the
basement membrane of the retina.'” ' The eyes develop
normally in utero and vision is typically unimpaired in
children with Alport syndrome. The most prominent man-
ifestations of the absence or dysfunction of the 345
collagen IV scaffold in the ocular basement membranes
of people with Alport syndrome are anterior lenticonus,
altered pigmentation of the retina and thinning of the
retina.*>**

Anterior lenticonus is a change in the shape of the lens
that results from thinning and weakness of the lens cap-
sule, the basement membrane that surrounds the semisolid
lens and maintains its normal shape. Since anterior lenti-
conus has, so far, been found only in people with Alport
syndrome, the finding of anterior lenticonus is diagnostic
of the condition. Anterior lenticonus occurs in a portion of
XY individuals with XLAS and people with ARAS. It can
occur in XX individuals with XLAS but is extremely rare
in people with ADAS. Like Alport kidney disease and
hearing loss, anterior lenticonus is more likely to affect
XY individuals with COL4A45 variants that preclude pro-
duction of a full-length a5 collagen IV chain. In anterior
lenticonus the central portion of the lens protrudes forward
into the anterior chamber of the eye. Although anterior
lenticonus can be detected by an experienced practitioner
using an ophthalmoscope, it is typically found by an
ophthalmologist by means of slit-lamp examination. The
change in lens shape can alter the refraction of light
images by the lens, resulting in the need for corrective
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lenses. Cataract formation is another potential complica-
tion of anterior lenticonus.

A characteristic alteration of the pigmentation of the
retina is a common feature of XLAS and ARAS.?* Instead
of a homogeneous pinkish-red hue, areas of the retina,
particularly around the macula (the central area of the
retina), display whitish or yellowish flecks, sometimes
described as a dot-fleck retinopathy. The process that
produces this change in pigmentation is not understood.
The pigmentary alterations do not appear to cause any
impairment of vision. Thinning of the retina can be
observed in people with Alport syndrome using a tool
called optical coherence tomography.”® In some affected
individuals, the thinning is severe enough to cause holes in
the retina that result in impaired vision.**

Other Organ Systems

In very rare cases, people with XLAS exhibit abnormal-
ities that are not typical of the condition, due to the
involvement of genes adjacent to the COL4A45 gene on
the X chromosome. These so-called “contiguous gene
syndromes” result from deletions of a chromosomal region
that contains more than one gene. Deletion of portions of
the COL4A5 gene and the adjacent COL4A46 gene are
found in people with Alport syndrome who also display
smooth muscle tumors of the esophagus, trachea, bronchi
and female external genitalia, a condition known as diffuse
leiomyomatosis.>> The dysregulation of smooth muscle
cell proliferation that results in the formation of these
tumors does not appear to be directly related to abnorm-
alities of the a345 collagen IV scaffold, or of the scaffold
formed by a5 and a6 collagen IV chains (the a556 col-
lagen IV scaffold). In extremely rare XY individuals the
features of XLAS are associated with anomalies in the
development of the face, cognitive deficits and abnormal
red blood cell shape, resulting from combined deletion of
the COL4A45 gene and several adjacent genes.**’

As noted above, there is a third collagen IV species, the
a556 collagen IV scaffold, that is found in some mamma-
lian basement membranes, in addition to the previously
mentioned 345 and o112 collagen IV scaffolds. The a556
collagen IV scaffold is normally found in the basement
membranes that surround smooth muscles cells in the wall
of the aorta.”®*’ The a556 collagen IV scaffold is absent
from aortic smooth muscle basement membranes in XY
individuals with XLAS due to COL4A5 variants that pre-
vent formation of the 0556 collagen IV scaffold. This
in the smooth muscle

change structure of aortic

membranes may in part explain abnormalities of the
aorta, including aortic dilation, aortic dissection and aortic

aneurysm in some XY individuals with XLAS.*!

Multidisciplinary Care of People
with Alport Syndrome

Primary Care Provider

The primary care provider (PCP) plays a crucial role in the
identification, diagnosis and management of people with
Alport syndrome. The PCP (general pediatrician, family
medicine provider, internist, nurse practitioner or physi-
cian’s assistant) is typically the first health care profes-
sional to detect and perform initial assessment of key
features of Alport syndrome such as hematuria and hearing
loss, and directs referrals to nephrologists, audiologists,
ophthalmologists and other specialty providers for further
evaluation and management (Figure 1). The PCP also
oversees the routine but critical components of preventa-
tive and well-child care including immunizations, parental
counseling regarding dietary and developmental issues,
age-appropriate screening studies and related issues. The
PCP can reinforce messaging regarding recommended salt
intake and maintaining body weight within ideal
parameters.

When there is a known family history of Alport syn-
drome, the PCP can assist in identifying and evaluating at-
risk family members. Urinalysis is an effective screening
tool for Alport syndrome, because of the very high rates of
hematuria in affected people — 100% in XY individuals
with XLAS or ARAS, 95% in XX individuals with XLAS
and 50-75% in individuals with ADAS due to heterozy-
gous variants in the COL4A43 or COL4A4 gene.'!'%3%3
A PCP familiar with the genetics of Alport syndrome can
target at-risk family members for screening using urinaly-
sis. For example, the XX offspring of an XY individual
with XLAS will inherit the variant COL4A45 gene and will
have hematuria, while the XY offspring will inherit the
normal maternal COL4A45 gene and will not be affected.
When an XY individual is diagnosed with Alport syn-
drome, the likelihood that the COL4A45 variant was inher-
ited from their mother is 85-90% (there is a 10-15%
incidence of spontaneous COL4AS5 variants among XY
individuals with XLAS), while the likelihood that the
COL4A45 variant was inherited from their father is zero.
Each XY or XX offspring of an XX individual with XLAS
has a 50% probability of inheriting the variant COL4A45
gene. In the case of individuals with ARAS, each parent
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Figure | Multidisciplinary care for Alport syndrome — a timeline. Primary care providers become involved at birth and maintain their role in care throughout the life of the
individual. Referral to nephrology should occur in the first |-2 years of life. Genetic counselors have an early role in diagnosis and subsequently in providing information on
transmission of Alport syndrome to potential offspring. Audiology and ophthalmology frequently begin their clinical relationships with affected individuals in childhood and
adolescence. The input of nutritionists and social workers becomes increasingly important as kidney disease progresses. Gynecologists assist in providing contraceptive
guidance to XX individuals receiving treatment with blockers of the renin-angiotensin-aldosterone system (RAAS) and, along with maternal-fetal medicine specialists,
collaborate in the care of mothers with Alport syndrome during pregnancy, both before and after kidney transplantation. Transplant providers join the care team as affected
individuals approach kidney failure and the need for kidney transplantation. Referral to cardiologists or other specialty providers may be necessary for some affected people.

typically exhibits a variant in one copy of the COL4A3 or
COL4A44 gene, and is likely to display hematuria. With
each pregnancy of a couple who both have a COL4A43 or
COL4A4 variant there is a 50% risk of transmitting one of
the variants, resulting in ADAS in the child, and a 25%
risk of transmitting both variants, causing ARAS in the
child.

When should the first urinalysis be performed in at-risk
children with a known family history of Alport syndrome?
Some infants and children with Alport syndrome will have
episodes of tea- or cola-colored urine (macroscopic or
gross hematuria), either spontaneously or associated with
viral (typically upper respiratory) or bacterial infections,
thereby effectively identifying themselves. However,
hematuria in most infants and children with Alport syn-
drome is microscopic and requires urinalysis for detection.
In children at-risk for XLAS or ARAS, urine collection

using a urine bag should be performed by about one year
of age. In children at risk for ADAS urine collection can
wait until the child can void voluntarily, although earlier
collection is not precluded. The diagnosis of Alport syn-
drome should be confirmed by genetic testing in those
children and other family members who exhibit hematuria.

Alport syndrome is not currently included in neonatal
screening for inherited disorders. When a family is trans-
mitting known COL4A43, COL4A4 or COL4AS5 variants, at-
risk family members can undergo targeted gene sequen-
cing as an alternative to urinalysis. Access to genetic
testing may limit the application of this approach in
some countries.

Nephrology
Pediatric and adult nephrologists provide care to people
with Alport syndrome across the spectra of age (infancy to
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old age) and kidney function (normal to kidney failure).
Nephrologists take part in the diagnosis of Alport syn-
drome and the evaluation of at-risk family members and
are primary responsible for initiating and managing phar-
macologic measures to slow kidney disease progression
and delay kidney failure. Other tasks of the nephrologist
include addressing the complications of advancing Alport
kidney disease, including hypertension, salt and water
retention, electrolyte disturbances such as hyperphospha-
temia and hyperkalemia, altered vitamin D metabolism
and anemia of chronic kidney disease. Ultimately, nephrol-
ogists coordinate planning for kidney replacement therapy
(kidney transplantation and, when necessary, dialysis) and
manage immunosuppression and other therapies following
kidney transplantation.

The involvement of nephrology providers in the pedia-
tric (0-18 years) Alport population may depend on the
local abundance and accessibility of nephrology services.
Where nephrology resources are scarce, the PCP may
perform the early diagnostic evaluation of children and
adolescents who have hematuria, with or without
a family history of Alport syndrome, and carry out mon-
itoring for signs of progressive disease (albuminuria and
proteinuria). Recent emphasis on very early pharmacolo-
gic intervention (discussed below) is likely to generate
pressure to refer young people suspected of or confirmed
to have Alport syndrome to nephrology at earlier ages.
kinds
a potential means to access nephrologists for the PCP in

Telemedicine resources of various provide
a nephrology-poor locale.

The last decade has seen a fairly rapid evolution of
attitudes toward pharmacologic intervention to slow the
progression of Alport kidney disease, from no interven-
tion, to intervention at the time of appearance of albumi-
nuria or proteinuria, to intervention at the time of
diagnosis regardless of urinary albumin or protein
levels.**3® These developments have occurred against
a backdrop of accumulating evidence that early interven-
tion with inhibitors of the renin-angiotensin-aldosterone
system, or RAAS, delays kidney failure in animals and
people with Alport syndrome.”>”*® Compared to provi-
ders of primary care to adult patients, providers of primary
care to pediatric patients generally have relatively little
experience with the use of inhibitors of the RAAS, such
as angiotensin converting enzyme (ACE) inhibitors and
angiotensin receptor blockers. Consequently, an emphasis
an early intervention should lead to earlier involvement of
nephrologists in the care of people with Alport syndrome,

either directly or through technologies that facilitate
remote consultation and management. Nephrologists are
likely to have new agents to consider as add-on treatments
for Alport kidney disease in the relatively near future.*'

Nephrologists, particularly those practicing in large
medical centers, may have more ready access to genetic
diagnostic and counseling services than PCPs in small, or
even larger, multispecialty practices. Clinics devoted to the
diagnosis and in some instances management of genetic
kidney diseases potentially provide a relatively smooth
approach to genetic diagnosis of Alport syndrome. The
role of genetic counseling in Alport syndrome care is
discussed further below.

Education of families about Alport syndrome, includ-
ing providing accurate prognostic information, is a critical
task that typically falls to nephrologists who, regardless of
their personal knowledge of the condition, are best-
positioned to carry out this responsibility. Fortunately,
there are numerous educational resources on-line available
to nephrologists as well as other providers of care to
people with Alport syndrome (for example, alportsyn-
drome.org). Resources written specifically for non-
medical professionals are also easily accessible.

Genetics and Genetic Counseling
The value of the contributions of genetic counselors to the
diagnosis of Alport syndrome, and other genetic kidney
disorders, in index cases and their families is difficult to
overstate. Genetic counselors who develop a focus on
genetic kidney disorders are at least as knowledgeable
about these conditions as the nephrologists they work
with, and may indeed by better informed. Genetic counse-
lors are skilled in navigating the challenges presented by
the multitude of health insurance programs and their vary-
ing coverage of genetic testing. Genetic counselors are
familiar with the range of genetic testing tools available,
from highly focused to broad-based next generation
sequencing panels, as well as whole exome sequencing,
and assist the nephrologist in selecting the most appropri-
ate tool for each patient and family. Genetic counselors
have expertise in the explanation of genetic testing results
to individuals and families, identifying at-risk family
members who can be offered targeted testing after identi-
fication of a variant in a family, and providing information
relevant to reproductive planning.

Unfortunately, there is a mismatch between the supply
of genetic counselors and the demand for their services.
Telemedicine provides a means for providing remote
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genetic counseling services. Commercial genetic testing
laboratories are increasingly offering genetic counseling
as part of their testing packages.

When clinical features and family history are highly
suggestive of a diagnosis of Alport syndrome, formal
consultation by a genetics physician before ordering
genetic testing may not be necessary. Genetics consulta-
tion is especially valuable when the available clinical and
pedigree information is consistent with a relatively long
list of potential diagnoses. For example, Alport syndrome
is only one of many conditions in which kidney disease
can be associated with hearing loss.** A broad next gen-
eration sequencing panel or whole exome sequencing may
be more appropriate when Alport syndrome is just one of
a number of potential diagnoses. Broad panels and whole
exome sequencing frequently identify variants in multiple
genes that may or may not be pathogenic, may or may not
be relevant to the reason for testing, and which may strain
the nephrologist’s capacity to provide appropriate counsel-
ing and guidance. For these reasons, consultation by
a geneticist is advisable when clinical and pedigree infor-
mation creates diagnostic uncertainty.

Audiology

Formal hearing evaluation by an audiologist (ideally
a pediatric audiologist) should be initiated at 5-6 years
in XY children with XLAS and children with ARAS. This
recommendation is based on natural history data showing
that about a third of XY children with XLAS have detect-
able hearing loss by age 10, rising to 60% by age 20, and
that about 20% of children with ARAS have hearing loss
by age 10.'"* The PCP or nephrologist should consider
earlier referral to audiology for affected children with
overt proteinuria, children who fail hearing screens or
children in whom attainment of speech milestones is
delayed.

XX individuals with XLAS have a relatively low life-
time risk of hearing loss of about 30%, with the hearing
loss occurring in 10% by age 40.'* Those with proteinuria
or declining kidney function are more likely to have hear-
ing loss."""'? Audiology referral is recommended for XX
individuals with XLAS who have proteinuria or reduced
kidney function, and for those who fail a hearing screen or
complain or exhibit signs of decreased hearing. Hearing
loss occurs in less than 20% of people with ADAS, so
evaluation by audiology is recommended when there is

. . 18,4
suspicion of hearing loss.'**¢

Identification of individuals who would benefit from
hearing aids, along with the selection and fitting of devices
and education in their use are all tasks that are ideally
performed by audiologists. One of the major barriers to
successful intervention with hearing aids is the reluctance
of children and adolescents to use them regularly.
Audiologists who have experience working with the pedia-
tric population can help these individuals derive the max-
imum benefit from their devices. Audiologists are
accustomed to discussing with their clients the risks of
noise-induced injury, which likely contributes to hearing
loss in people with Alport syndrome. Audiologists are also
in the best position to counsel individuals and families
about the costs of various devices. This is very important
because private health insurance programs, at least in the
United States, generally do not cover the costs of hearing
aids. Medicaid covers the costs of hearing aids for children
nationally, while coverage for adults varies by state. It
should be noted that over-the-counter hearing aids are
not the optimal option for people with Alport syndrome,
due to their limited features and non-specific fitting.

Formal consultation by an otolaryngologist is not gen-
erally necessary for people with hearing loss due to Alport
syndrome, unless there are congenital anomalies of the
ears or there are acquired problems such as recurrent ear
infections. Hearing loss in Alport syndrome rarely pro-
gresses to the point where hearing aids are ineffective,
and affected individuals retain the ability to distinguish
the various sounds of speech (speech discrimination), so
cochlear implantation is rarely, if ever, indicated.

Ophthalmology

In people with Alport syndrome, the major threats to
normal vision are anterior lenticonus and holes in the
macular region of the retina. In people with anterior lenti-
conus, refractive errors caused by the abnormally shaped
lens can be ameliorated with corrective lenses. Cataracts
that form as a result of anterior lenticonus can be
addressed surgically. People with Alport syndrome can
develop other ocular problems, such as glaucoma, that
are not specific to Alport syndrome but can further impair
vision in affected individuals.

Regular ophthalmologic examinations to assess general
ocular health and to screen for anterior lenticonus should
begin in adolescence for XY individuals with XLAS due
to COL4AS5 variants that prevent synthesis of a full-length
a5 collagen IV chain and in people with ARAS. Earlier
examination should occur if there is evidence of decreased
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visual acuity. XX individuals with XLAS and people with
ADAS should undergo ophthalmologic examination if
there is concern regarding visual deficits.

Ophthalmological assessment can also be useful in the
diagnosis of Alport syndrome, since anterior lenticonus
and dot-fleck retinopathy are specific to the condition.
Some individuals with Alport syndrome experience recur-
rent corneal erosions or abrasions, likely due to abnorm-
alities of the collagen composition of corneal basement
membranes, and may need guidance in regards to protec-
tive eyewear to reduce the frequency of erosions.

Transplant Medicine and Surgery

The cumulative lifetime risk of kidney failure is close to
100% for XY persons with XLAS and for people with
ARAS, 30-40% for XX persons with XLLAS and possibly
10-20% of those with ADAS, although this latter percen-
tage is less certain. Thus, many people with Alport syn-
drome will encounter transplant providers at some point
during their lives.

The primary outcome measures of kidney transplant
success are survival of the recipient and the duration of
transplant function following the procedure. Both of these
with  Alport
syndrome.*”*® In contrast to other causes of kidney fail-

outcomes are excellent for people
ure, such as diabetic kidney disease, Alport syndrome is
not typically associated with severe cardiovascular dis-
ease, a major contributor to death in the years after kidney
transplantation in people with diabetes. Alport syndrome
does not return in the kidney transplant, unlike focal seg-
mental glomerulosclerosis, which frequently recurs in kid-
ney transplant and often leads to failure of the transplant.
Consequently, pre-transplant preparation for kidney trans-
plant and care following the transplant are fairly routine.
However, there are two exceptions to this rule that trans-
plant medicine and surgery providers must consider as
they prepare people with Alport syndrome for transplant
and care for them following transplant.

First, the assessment and selection of living kidney
donors for people with Alport syndrome must be informed
by an understanding of the genetics of Alport syndrome,
with the goal of avoiding the removal of a kidney from
a person with a variant in the COL4A3, COL4A44 or
COL445 gene.*’ In the best-case scenario, any at-risk
related individual is screened for the variant or variants
identified in the prospective kidney transplant recipient,
and those individuals who share a variant with the recipi-
ent are excluded from consideration as kidney donors.

Genetic counselors should be involved in the donor eva-
luation process. Recommendations for evaluation and
selection of living donors for people with Alport syndrome
have been promulgated*’ but at this time there is not
a consensus on such recommendations.

Second, certain people with Alport syndrome, namely
XY individuals with XLAS and persons with ARAS, are at
risk for a unique complication of kidney transplant known
as post-transplant antibody-mediated glomerulonephritis.*’
In this condition, the recipient forms antibodies to the
0345 collagen IV network of the glomerular basement
membranes of the kidney transplant, resulting in severe
inflammation of the transplant that is difficult to treat
effectively. Fortunately, this is a very unusual event that
occurs in less than 5% of people with Alport syndrome
who undergo kidney transplantation. At-risk individuals
can be monitored for antibodies to the 345 collagen IV
network using blood tests. Kidney transplant recipients
typically undergo frequent blood testing to detect changes
in kidney transplant function, and recipients who exhibit
decreased transplant function frequently undergo biopsy of
the kidney transplant to determine the cause of dysfunc-
tion. Biopsy of the kidney transplant should be performed
promptly in recipients who have Alport syndrome and
decreased transplant function, or who have evidence of
antibodies to the 0345 collagen IV network on blood
tests, to confirm a suspected diagnosis of post-transplant
antibody-mediated glomerulonephritis and initiate appro-

priate treatment.

Gynecology, Obstetrics and

Maternal-Fetal Medicine

Chronic kidney diseases, including Alport syndrome,
increase the risks of pregnancy to both the mother and
the fetus.’® These risks include preeclampsia, premature
delivery, low birth weight, cesarean section and failure of
the pregnancy. The likelihood of these complications is
higher in mothers with reduced kidney function, elevated
urine protein levels or poorly controlled hypertension.”’
Kidney function that is normal or only mildly reduced at
the start of pregnancy usually remains stable during preg-
nancy; however when kidney function is significantly
abnormal at the start of pregnancy it may decrease further
during pregnancy.’® Although there are several reports
describing pregnancy complications in mothers with

50,53,54

Alport syndrome, there is no evidence as yet that

the risk of complications is higher in those with Alport
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syndrome compared to other causes of chronic kidney
disease.

Effective contraception to prevent unintended preg-
nancy is an important part of the care of XX individuals
with Alport syndrome, in order to avoid injury to the heart
and kidneys of a developing fetus from treatment of the
mother with RAAS blockers, and to allow a full discussion
of the risks of pregnancy and facilitate planning for pre-
natal care that is appropriate for the mother’s stage of
chronic kidney disease.”> The choice of contraceptive
method should be guided by providers familiar with the
use of contraceptive agents in those with chronic kidney
disease. Mothers with Alport syndrome should be closely
monitored during pregnancy; those with kidney function
less than about 60% of normal, or those with proteinuria or
hypertension, require more intensive follow-up from
nephrologists as well as maternal-fetal medicine specialists
who specialize in the care of mothers who are at increased
risk for pregnancy complications. Following kidney trans-
plantation, nephrologists, transplant providers and mater-
nal-fetal medicine specialists may all be involved in
prenatal counseling and pregnancy care.

Other Specialties

Some people with Alport syndrome may choose to pursue
in vitro fertilization and pre-implantation diagnosis, invol-
ving specialty care in these procedures. The smooth mus-
cle tumors that occur in rare individuals with XLAS and
diffuse leiomyomatosis may require the involvement of
gastroenterology, gastrointestinal surgery, pulmonology,
thoracic surgery and/or gynecology.

There are currently no guidelines or recommendations
for the evaluation and management of aortic disease in
people with Alport syndrome. Echocardiography will
reveal dilation and other abnormalities of the thoracic
aorta and is used to monitor cardiac structure and health
in adolescents and young adults with chronic kidney dis-
ease, especially if they are receiving antihypertensive med-
ications. Echocardiography is also frequently performed
when people are initiated on dialysis or as part of prepara-
tion for kidney transplantation. Cardiology should be con-
sulted when echocardiography reveals abnormalities of the
aorta. Echocardiography will not detect changes in the
abdominal portion of the aorta.

Allied Professionals
The active involvement of dietary professionals with
expertise in the counseling and management of people

with chronic kidney disease is essential to optimal care
of people with Alport syndrome. In early stages of Alport
kidney disease, while kidney function is still normal, con-
trol of dietary salt intake contributes to the efficacy of
medications that inhibit RAAS activity. Many people,
including children, consume significantly more salt than
they require, and stand to benefit from dietary changes that
reduce their salt intake toward recommended levels.
Accommodation to recommended salt intake can also
make it easier to further limit salt intake at more advanced
stages of Alport kidney disease, when hypertension fre-
quently becomes a significant issue. As kidney disease
progresses in people with Alport syndrome, kidney dieti-
cians provide invaluable assistance in evaluation and gui-
dance of intake of other dietary components such as
calcium, phosphorus and protein.

People with Alport syndrome and their families face
emotional and financial stresses that frequently challenge
the capacities of primary and specialty medical providers.
Social workers assist families in obtaining financial sup-
port to which they are entitled, and can assist in identify-
ing signs of emotional stress. The support provided by
social workers becomes increasingly important as Alport
kidney disease progresses to kidney failure and the need
for dialysis and/or kidney transplantation. The involve-
ment of psychiatry or psychology may be indicated when
emotional stress interferes with medical care or other areas
of life, including school, work and family.

Conclusions

The pursuit of optimal clinical outcomes in people with
Alport syndrome relies on early diagnosis and comprehen-
sive management, and entails the participation of profes-
sionals with a wvariety of skills. Coordination of care
typically falls to the primary care provider or the nephrol-
ogist. People with Alport syndrome lead fulfilling and
productive lives that are enhanced when their care provi-
ders rise to this challenge.
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In many people with Alport syndrome, the genetic
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