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1 Introduction 

Alport syndrome (AS) is a hereditary disease with a triad of symptoms consisting of a 
progressive loss of kidney function, sensorineural hearing loss, and ocular defects (Gross et 
al. 2012a). Terminal renal insufficiency is often present at an early adult age, resulting in the 
need of treatment with dialysis (Gross 2017).  

AS can be treated if it is diagnosed and treated early (Savige et al. 2013; Gross 2017). The 
progress of renal dysfunction can be delayed by starting a therapy with angiotensin 
converting enzyme inhibitors (ACEi) (Torra and Furlano 2019). Gross et al. performed mice 
experiments in 2003, demonstrating that early therapy with the ACEi ramipril delays the 
onset of renal insufficiency and renal fibrosis. Register data showed that treatments with 
ACEi delayed the time to dialysis for patients treated with ACEi compared to non-treated 
Alport patients (Gross et al. 2012a). In a further study conducted on the basis of a register 
data in 2009, the assumption was confirmed that ACEi could also reduce renal fibrosis and 
the occurrence of proteinuria in humans (Gross et al. 2012a). There was a significant 
difference regarding the patient age when terminal renal failure occurred between initiation 
of therapy with ACEi in comparison to no therapy (Gross et al. 2012a). So far, there is no 
curative therapy for AS (Torra and Furlano 2019). The aim of existing therapies with 
nephroprotective drugs is to delay the progression of the disease (Nozu et al. 2019).  

This dissertation is based on the EARLY PRO-TECT Alport (EPA) trial. The EPA trial is 
the first randomized prospective placebo-controlled trial to evaluate the risk-benefit ratio of 
an early ACEi therapy in oligosymptomatic children with AS (Gross et al. 2012b). From 2012 
to 2019 the EPA trial examined the relevance of treating children with the ACEi. Primary 
endpoints were safety and efficacy of early treatment with ACEi in children with AS (Gross 
et al. 2012b). The EPA trial results showed that pre-emptive ramipril therapy slows early 
disease progression and is safe (Gross et al. 2020).  

The objective of this dissertation is to characterize the eye phenotype in children with AS. 
This dissertation examines the ocular reports collected within the EPA trial. The impact of 
AS on the eyes and the relation of the symptomatology between the kidney and the eyes is 
examined. This is done in respect to the background that AS can cause significant eye damage 
to the eyes of pediatric patients.  

 

 



Introduction 2 

  

1.1 Definition and epidemiology of  Alport syndrome 

AS is a hereditary progressive kidney disease, characterized by changes in the glomerular 
basement membrane (GBM) (Kashtan and Michael 1996). The patients present hematuria, 
proteinuria, and progressive renal failure (Gross et al. 2012a). AS is the second most common 
cause of inherited terminal kidney failure after the polycystic kidney disease (Grünfeld and 
Joly 1997). Extrarenal symptoms include sensorineural hearing loss and characteristic ocular 
defects (Alport 1927). These findings were first described in 1927 by the English physician 
Arthur C. Alport.  

A defect collagen type IV (see 1.2 Pathogenesis of AS) leads to a splitting of the GBM, 
resulting in inflammation, glomerulosclerosis, and fibrosis (Gross et al. 2012a). In addition 
to fibrosis, the accumulation of extracellular matrix and podocyte effacement lead to a loss 
of the kidney function (Funk et al. 2018). Eventually, patients develop end stage kidney 
disease (ESKD), which leads to dialysis or kidney transplantation (Kruegel et al. 2013).  

AS is a genetic disorder, occurring in 1:5000 people with XLAS and in 1:50 000 people with 
autosomal AS (Levy and Feingold 2000). It is responsible for over 1% of the population 
receiving dialysis or kidney transplantation and accounts for up to 4% of all patients with 
ESKD (Gross et al. 2017; 2020). There is no known curative treatment for AS (Torra and 
Furlano 2019). The disease will inevitably lead to ESKD during early adulthood in X-
chromosomal and autosomal linked inheritance modes (Torra and Furlano 2019). About 
50% of untreated AS patients develop ESKD by the age of 20 years (Gross et al. 2012a). 
Almost 1% of the population is a carrier of heterozygous variants in the COL4A3/4 genes 
(Gross et al. 2002). 
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1.2 Pathogenesis of  Alport syndrome 

AS is a complex dysfunction of basement membranes characterized by the expression of 
distinct type IV isoforms of collagen (Kashtan and Michael 1996). Basement membranes 
separate different tissues from one another in the body. They surround epithelia, endothelia, 
peripheral nerves, muscle, and fat cells. They influence cell metabolism, cell differentiation, 
cell migration, and cell polarity (Weber 1992). The GBM is surrounded by podocytes and 
fenestrated glomerular endothelium in the glomerulus of the kidney (Funk et al. 2018). It 
serves to ultrafiltrate the blood plasma and builds the filtration barrier of the kidney, forming 
a membrane between blood and urine (Funk et al. 2018). The GBM consists of various 
proteins such as laminin, heparan sulfate proteoglycan, nidogen and, as mentioned above, 
type IV collagen (Funk et al. 2018).  

Type IV collagen is indispensable for the body, forming a main component of all basal 
membranes. It is an essential part of the GBM and the filtration barrier of the kidney (Pöschl 
et al. 2004). Type IV collagen forms a network in the GBM that ensures stability and a high 
flexibility of the kidney (Gross and Weber 2005). 

The pathophysiology of AS is based on changes in the GBM (Watson and Bush 2018). These 
changes are caused by variants in three genes that code for type IV collagen: COL4A3, 
COL4A4, and COL4A5 (Kruegel et al. 2013). The variants lead to structural and functional 
defects in type IV collagen molecules and therefore in the GBM networks (Kruegel et al. 
2013). They are responsible for the loss of function of the kidney filtration barrier and the 
resulting glomerulopathy (Kruegel et al. 2013). 

The type IV collagen family comprises six α chains, α1 to α6 (Kruegel et al. 2013). These six 
chains assemble into three different triple helices, also called heterotrimers: α1α1α2, α3α4α5, 
and α5α5α6 (Kruegel et al. 2013). The superhelices consist of approximately 1400 glycine-X-
Y repeats which are interrupted by several non-collagenous domains (Boutaud et al. 2000). 
Each type IV collagen α chain consists of a non-collagenous domain (NC1) at the carboxy-
terminal end, a central collagenous domain of glycine-X-Y repeats, and a short amino-
terminal non-collagenous 7S domain. By combining the carboxyterminal NC1 domains, 
three type IV collagen α chains each form heterotrimers. Type IV collagen trimers combine 
with each other through carboxy- and amino-terminal interactions and thus form the 
networks of the basement membranes (Boutaud et al. 2000). While the α1 and α2 chains are 
ubiquitously found in basement membranes, the α3, α4, α5, and α6 chains show organ-
specific distributions (Hudson et al. 2003). The α3, α4, and α5 chains are present in the GBM 
of the kidney. The α5 chain can also be found in the bowman capsule of the kidney (Kashtan 
and Michael 1996). The α3, α4, and α5 chains can be found in the anterior lens capsule, the 
Descemet’s membrane, the Bruch’s membrane, and in the inner limiting membrane in the 
eye (Kashtan 2000). In the ear, these chains can also be found in several membranes of the 
cochlea such as the basilar membrane, the basement membranes of the stria vascularis, spiral 
limbus, and spiral prominence (Kashtan and Michael 1996; Kashtan 2000).  
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The basic defect in AS, due to variants in the mentioned genes, is either the lack of the 
α3α4α5 heterotrimer in the GBM and its failure to replace the α1α2 network or the presence 
of a defective α3α4α5 heterotrimer (Heidet and Gubler 2009). Normally, the α3 and α4 chains 
form trimers with the α5 chains to be built into the basement membranes (Kashtan 2003). 
In COL4A5 variants such as deletions or frameshift variants, no or only a shortened α5 chain 
is formed (Kashtan 2003). Variants which shorten the α chain can result in an onset of ESKD 
at an average age of 20 years and increase the prevalence of extrarenal symptoms (Gross 
2004). The heterotrimers consisting of α3, α4, and α5 chains can no longer form, and none 
of the three α chains occurs in the basement membrane. Variants in the α3 and α4 chains can 
have similar consequences (Kashtan 2003). If the connection of the α3α4α5 network does 
not occur, only α1 and α2 chains are installed, which are not able to form a mature GBM. 
Networks of α3α4α5 chains have different capabilities than αl and α2 chains (Kashtan 2000). 
The α3α4α5 chains perform functions in the GBM, ocular basement membranes, and 
cochlear basement membranes which cannot be performed by α1 and α2 chains (Kashtan 
2000). The defect network results in a splitting of the GBM which leads to decreased 
mechanical stability (Kruegel et al. 2013). Podocyte loss takes place due to the presence of 
the premature type IV collagen heterotrimer α1α1α2 (Kruegel et al. 2013). Furthermore, 
podocyte detachment from the GBM leads to glomerulosclerosis and later on fibrosis 
(Kruegel et al. 2013; Funk et al. 2018). A consequence of this defect network may be the 
lenticonus anterior. Some patients with lenticonus anterior show no presence of a α3α4α5 
network, resulting in a thinning of the anterior lens capsule (Kashtan and Michael 1996). 

1.3 Genetics 

Phenotypically, a heterogeneous appearance can be observed (Kruegel et al. 2013). Patients 
therefore differ in the occurrence of typical AS symptoms (Rheault et al. 2019). Not all 
patients suffer from inner ear hearing loss and ocular changes in addition to kidney 
involvement (Wester et al. 1995). There are three genetic types of AS: X-linked Alport 
syndrome (XLAS), autosomal recessive Alport syndrome (ARAS), and autosomal dominant 
Alport syndrome (ADAS) (Heidet and Gubler 2009). Making up 85% of the cases, XLAS is 
the most common inherited form and is caused by variants in the COL4A5 gene (Heidet and 
Gubler 2009). The gene COL4A5 is located on the X chromosome (Xq22.3) (Kashtan 2004). 
In about 15% of the cases, the disease is inherited autosomal and is linked to variants in the 
genes COL4A3 or COL4A4 (Kashtan 2003).  

The majority of patients affected by the XLAS hereditary pathway consists of female patients. 
Male patients with XLAS all develop terminal kidney failure (Kashtan 2003). 75% of men 
with XLAS suffer from the juvenile form, developing ESKD before the age of 30. In the 
other 25% of cases, terminal renal failure occurs after the age of 30 (adult form) (Renieri et 
al. 1996). Female patients with XLAS usually show a more benign course than men (Jais et 
al. 2000). Most patients with XLAS have a positive family history of hematuria (Kashtan 
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2009). However, in 10-15% of the XLAS cases, de novo variants are involved, so there may 
be a negative family history (Kashtan 2009).  

AS in its autosomal form can be transferred from both parents to son or daughter. In contrast 
to the X-chromosomal inheritance, autosomal inheritance allows fathers to pass AS on to 
their sons (Gross 2004). In patients with autosomal inheritance, the clinical course of the 
disease is the same in men and women. The clinical appearance and course of the autosomal 
recessive pathway are similar to those of the X-linked pathway (Kashtan 1999). Truncating 
variants lead to renal failure at 20 years of age, whereas glycine-missense variants lead to 
kidney failure at 30 years of age (Gross et al. 2002). 

A very rare form leading to 5% of AS is the autosomal dominant inheritance form (Kashtan 
2003). It is due to variants in COL4A3 or COL4A4, which manifests less aggressively than 
XLAS and ARAS (Kashtan 2018). In 10-15 % of AS patients, there might be no family 
history of kidney disease. Here, possible causes can be de novo variants and germ line 
variants of the mother (Gross 2004).  

1.3.1 Genotype-phenotype correlation 

A genotype-phenotype correlation in AS was described in studies from Jais et al. and Gross 
et al. (Jais et al. 2000; Gross et al. 2002). More than 300 variants in the COL4A5 gene are 
known (Netzer et al. 1993). The type of variant can predict the patient age of reaching ESKD 
(Gross et al. 2002). Variants can be classified into moderate, moderate severe, and severe. 
This can be adopted to the variant classification in the EPA trial of mild, moderate, and 
severe. The moderate variant includes glycine XY variants. Patients with this variant are likely 
to develop ESKD at 30 years of age and will develop ocular symptoms in up to 30% of the 
cases. Moderate-severe variants involve non-glycine XY missense variants, in frame, and 
acceptor splice site variants. This genotype leads to ESKD at an average of 26 years and 
patients can experience ocular symptoms in up to 30% of the cases. The severe variant is 
characterized by large rearrangements, deletions, stop, frameshift, and donor splice site 
variants, leading to an ESKD already at 20 years of age and to ocular symptoms in up to 40% 
of the cases (Gross et al. 2002). In summary, it can be said that the studies of Gross et al, Jais 
et al., and Savige et al. showed that severe variants lead to an ESKD at an earlier age and are 
more likely to also affect the eyes and ears (Jais et al. 2000; Gross et al. 2002; Savige et al. 
2016). 

Studies have demonstrated the correlation between severe COL4A5 variants and ocular 
features (Jais et al. 2000). 40% of male patients with XLAS have characteristic ocular changes 
(Jais et al. 2000). 20% of XLAS male patients and 15% of female patients exhibit 
maculopathy (Jais et al. 2003). Another 20% of male patients demonstrate lenticonus 
anterior, rarely observed in female patients. Patients with large COL4A5 variants have a 
higher chance of lenticonus and ESKD (Jais et al. 2000). Patients with ARAS can show 
similar ocular changes as XLAS patients (see 1.4.2 Ocular symptoms)(Colville et al. 1997). 
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Patients with a severe variant rather than a moderate variant showed ocular changes such as 
a dot and fleck retinopathy, lenticonus, and a perimacular retinopathy (Tan et al. 2010). 
Another study found that seven polymorphisms of COL4A3 and COL4A4 could be 
associated with a lenticonus (Štabuc-Šilih et al. 2009). The theory, which is an important 
aspect for genetic testing (see 1.5 Diagnosis), is that the PAX6 gene is present in renal and 
ocular tissue. PAX6 plays a role in the structural regulation of the cornea. Therefore, a variant 
in this gene may be linked to a keratoconus and renal disease (Bahar et al. 2010).  

Certain ocular features may be linked to a X-chromosomal or an autosomal mode of 
inheritance (Kashtan 2001). A peripheral retinopathy in the mother of a boy with hematuria 
can help to identify an X-chromosomal linked AS. Common ocular changes in AS such as 
the anterior lenticonus and central retinopathy, have been connected to an autosomal 
inheritance mode caused by nonsense variants (Jais et al. 2000).  

Deafness develops in 80% of male AS patients with XLAS (Jais et al. 2000). In ARAS this 
percentage is reached by male and female patients. Approximately 50% of male patients with 
COL4A5 variants experience deafness by the age of 25 and 90% are deaf by 40 (see 1.4.3 
Auricular symptoms) (Jais et al. 2000). 

1.4 Clinical manifestation 

1.4.1 Nephrological symptoms 

The clinical nephrological manifestation of AS shows a broad spectrum of symptoms, 
ranging from isolated microhematuria to terminal kidney failure (Torra and Furlano 2019). 
AS is a progressive kidney disease that causes a gradual decline in the kidney function (Funk 
et al. 2018). It eventually leads to renal insufficiency and finally ESKD in young adult patients 
at an average age of 22 when left untreated (Gross et al. 2012a).  

Due to the loss in kidney function, the kidney cannot eliminate toxic substances and excess 
fluid from the body which leads to proteinuria, edema, and increased blood pressure (Gross 
et al. 2012a; Funk et al. 2018).  

Typical renal symptoms of AS are hematuria, proteinuria, and albuminuria; hematuria being 
the cardinal symptom (Kashtan and Michael 1996). AS can be classified into stages 0-IV 
(Gross et al. 2012b). The table below summarizes the five stages of AS with the correlating 
symptoms (Gross et al. 2012b). The symptoms increase from stage 0 to stage IV. 

 

 

 



Introduction 7 

  

Table 1 Stages and clinical manifestations of AS (Gross et al. 2012b) 

Stage Nephrological symptoms 

0 Microhematuria without microalbuminuria 

I Microalbuminuria: 30-300 mg albumin/g 
Crea 

II Proteinuria: > 300 mg albumin/gCrea 

III >25% decline of normal renal function 
/decrease of normal  

GFR < 60 ml/min/1.73 m2. Fibrosis 

IV ESKD 

 

Stage 0 includes the first and most common symptom of AS: persistent microhematuria 
without microalbuminuria (Gross et al. 2012b). Persistent microhematuria is found in all 
boys from birth who exhibit an X-chromosomal linked inheritance (Kashtan 2003). If boys 
do not have microhematuria in the first ten years of their life, they are unlikely to have AS 
(Kashtan 2003). Girls who are heterozygous carriers of X-chromosomal linked and 
autosomal AS develop intermittent hematuria in up to 98% of the cases (Yamamura et al. 
2017). Up to 5-10% of these patients never develop hematuria (Kashtan 2003). Episodes of 
hematuria can occur after upper respiratory tract infections in the first two decades of life 
(Kashtan and Michael 1996). 

Stage I includes microalbuminuria of 30-300 mg albumin/g creatinine. 

Proteinuria of more than 300 mg albumin/g creatinine manifests as a subsequent symptom 
in stage II of AS (Gross et al. 2012b). It occurs once the disease has progressed. It is usually 
not yet present in childhood years (Kashtan 2003). Proteinuria eventually develops in all male 
patients with an XLAS and in both men and women with an autosomal AS (Kashtan 2003).  

Stage III includes patients who have developed a decreased renal function with a GFR under 
60 ml/min/1.73 m2 (Kruegel et al. 2013).  

The last stage of AS and chronic kidney disease (CKD) is ESKD (Gross et al. 2012b). ESKD 
is reached once the GFR decreases below 15 ml/min/1.73 m2 and is often accompanied by 
uremia (Braun 2018). In this stage patients require dialysis or renal transplantation to stay 
alive. The time of occurrence of terminal renal insufficiency depends on the mode of 
inheritance and the gene variant of the patient (see 1.3 Genetics) (Kashtan 2018). 
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1.4.2 Ocular symptoms 

Ocular changes in AS include lenticonus anterior, central and peripheral retinopathy, 
maculopathy, and corneal erosions (Savige et al. 2010). Ocular changes are common for AS; 
they occur in 30-40% of patients with XLAS (Jais et al. 2000). They manifest similarly in 
ARAS patients (Colville et al. 1997).  

Lenticonus anterior is pathognomonic in AS patients, it occurs in about 20% of male patients 
with XLAS (Jais et al. 2000). More recent studies have even detected lenticonus in 50% of 
male XLAS patients (Savige et al. 2015). Being pathognomonic, lenticonus anterior can be 
used to confirm the diagnosis of AS (Kruegel et al. 2013). It is more common in men but 
can also occur in female patients (Kashtan 2003). Lenticonus anterior is defined as a 
protrusion of the central anterior lens surface into the lens capsule (Ohkubo et al. 2003). Due 
to the absence of the α3α4α5 network in the capsule, the lens can protrude through the 
thinned and weakened capsule (Ohkubo et al. 2003). The capsule may rupture in areas of 
weakness, resulting in cataracts near the anterior and posterior poles (Sonarkhan et al. 2014).  

Lenticonus is associated with early-onset renal failure and deafness (Jais et al. 2000; Gross et 
al. 2002; Tan et al. 2010). Lenticonus occurs much more frequently in patients with large 
COL4A5 deletions or variants that alter the reading frame (Jais et al. 2000; Gross et al. 2002; 
Tan et al. 2010). In about 75% of the cases, lenticonus appears bilateral (Kashtan 2003). It is 
absent at birth and becomes present in the second and third decade of life in early middle 
ages after the onset of renal failure (Kashtan 2003; Savige et al. 2015). Lenticonus anterior 
can impair the vision-patients cannot focus and may experience blurred vision because of 
the abnormal shape of the lens (Savige et al. 2015). This cannot be corrected with refraction 
but only with a surgical lens replacement (Savige et al. 2010; Ravi Kant Bamotra 2017). 

60% of male AS patients and at least 15% of female patients with XLAS and 50% of patients 
with ARAS, exhibit central retinopathy (Savige et al. 2015). Almost all patients with central 
retinopathy also express peripheral retinopathy (Savige et al. 2015). Central retinopathy 
manifests as dispersed white and yellow dots and flecks in the temporal macula (Savige et al. 
2010; Savige et al. 2015). The macula is the area of the sharpest vision in the retina (Lang 
2014). These abnormal pigmentary changes in the retina are also called “dot and fleck 
retinopathy” (Watson and Bush 2018). In severe cases, densely packed dots form a 
perimacular ring in the area of temporal retinal thinning (Savige et al. 2015). Central 
retinopathy progresses with time and is usually first diagnosed at 14 years of age (Tan et al. 
2010). The vision is not affected, thus requiring no treatment (Savige et al. 2015). It is best 
detected with color photographs and redfree images of the macula (see 1.5 Diagnosis) (Savige 
et al. 2015). Central retinopathy is linked to lenticonus and hearing loss and appears in 
patients with early-onset renal failure (Shaw et al. 2007; Savige et al. 2015).  

Peripheral retinopathy occurs in most male XLAS patients, in 25% of female patients with 
XLAS, and in the majority of patients with ARAS (Shaw et al. 2007). It is more common 
than central retinopathy, due to the larger surface area of the periphery (Savige et al. 2015). 
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Asymmetric flecks and diffuse areas of depigmentation in the retina can be noticed with 
retinal photography (Shaw et al. 2007; Savige et al. 2015). Similar to central retinopathy, 
peripheral retinopathy can be noticed in adolescence and progresses until middle age (Shaw 
et al. 2007). Peripheral retinopathy is linked to lenticonus, early-onset renal failure, and 
central retinopathy (Savige et al. 2010). It also does not influence vision and therefore does 
not need to be treated (Shaw et al. 2007). 

The dot and fleck retinopathy is another type of retinopathy typical for AS. This is usually 
defined by splotchy hyperautofluorescent lesions in the perimacular region of the retina (Cho 
et al. 2017). A reason for this could be the production of an abnormal form of α5 type IV 
collagen (Gehrs et al. 1995).  

Maculopathies such as temporal macular thinning and macular pigment can occur in Alport 
patients and are important in the diagnosis of AS. Maculopathy is often linked to XLAS or 
ARAS. In a study, maculopathy could be found in 14% of male XLAS patients and in 15% 
of female patients with XLAS (Jais et al. 2000). Macular thinning can be detected with optical 
coherence tomography (OCT) by measuring the thickness of the retina (Ahmed et al. 2013). 
Temporal thinning can also be seen with retinal color photography (Savige et al. 2015). It 
appears as a dull macular reflex or lozenge with an oval shaped reflex instead of a normal 
round small reflex. It does not affect the vision (Savige et al. 2015). Macular pigment usually 
appears as bright, white or yellow granulations in the area of the macula (Perrin et al. 1980; 
Gubler et al. 1981; Govan 1983).  

An occurrence of vitreous body degeneration can be observed in Alport patients (Shaikh et 
al. 2003). Studies indicate that the change in structure of the collagen at the vitreoretinal 
surface may lead to a different adherence, possibly leading to a retinal detachment (Shaikh et 
al. 2003). 

1.4.3 Auricular symptoms 

The main auricular symptom of Alport patients is the development of high-tone 
sensorineural hearing loss. This affects up to 80% of AS patients (Jais et al. 2003).  

AS is the most well-known syndrome in which patients have a close relation with clinical 
kidney and ear manifestations (Phelan and Rheault 2018). Approximately 80% of male and 
45% of female AS patients develop sensorineural hearing loss, which is present in the 
frequency range of 2000-8000Hz (Jais et al. 2000). Hearing loss of AS patients is not 
congenital, therefore newborn screening is normal (Phelan und Rheault 2018). It becomes 
apparent in late childhood and young adolescence by audiometry (Kashtan and Michael 1996; 
Kashtan 2003). 50% of male AS patients with a X-chromosomal linked inheritance develop 
hearing loss by the age of 15 and 90% by the age of 40 (Jais et al. 2000). Hearing loss 
progresses over time and can extend to other frequencies and affect conversational speech 
(Kashtan 2003). Women with an X-linked chromosomal AS are not affected as heavily as 
men (Kashtan 2003). In comparison to the X-linked chromosomal inheritance there is no 
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difference in hearing loss in men and women with an autosomal inheritance (Kashtan and 
Michael 1996). A hearing loss progress up to complete deafness is rare (Harvey et al. 2001). 
The loss of the α3α4α5 network from basement membranes of the cochlea could be a reason 
for deafness (Kalluri et al. 1998). Research suggests that membranes of the cochlea, type IV 
collagen in the inner ear, show structural changes in Alport patients, resulting in a stimulation 
decrease of hair cells (Phelan and Rheault 2018). A study conducted in 2012 demonstrated 
that the presence of the variant MYH9 with the interaction of COL4A5 can be an 
explanation for a female patient who expressed hearing loss symptoms at an extremely early 
age (Strasser et al. 2012). Although the exact mechanism remains unknown, deafness is a 
prognostic factor for ESKD. Patients with hearing loss are more likely to develop kidney 
failure (Jais et al. 2003). To conclude, hearing loss affects the majority of AS patients. 
Additionally, psychosocial aspects such as depression and career dissatisfaction, should not 
be ignored (Gross et al. 2017). 

1.5 Diagnosis 

An accurate and early diagnosis of AS is of great importance for the prognosis of the disease 
(Gross 2017). Typically it is commonly identified late, at a young adolescent age between 10 
and 25 years of age when the kidney function is already reduced with a decreased GFR, 
hematuria, and proteinuria, with many years lying between the first symptoms and the time 
of diagnosis (Stock et al. 2015; Gross and Rascher 2019). 

Diagnostic criteria for AS include: hematuria, proteinuria, a positive family history for 
hematuria or chronical renal insufficiency, sensorineural hearing loss, visual impairment, and 
structural changes of the GBM (Gross and Weber 2005).  

Diagnostic procedures are patients history, physical examination, family history, urine 
samples, renal biopsy, and genetic testing. 

A diagnosis of AS should be suspected if a patient has hematuria and a positive family history 
for AS or renal failure (Savige et al. 2013). The clinical diagnosis should include: testing the 
patient and relatives for hematuria, urine analysis, renal function testing, family history, and 
audiometry, and ocular examinations (Kashtan 2001). Persistent microscopic hematuria is a 
hallmark symptom of AS and therefore indispensable in the diagnosis of AS (Grünfeld 2000). 
100% of male AS patients with XLAS have microhematuria, as approximately 90% of female 
patients with XLAS, and about 100% of patients with ARAS present themselves with 
hematuria (see 1.4 Nephrological symptoms) (Kashtan 2001). Approximately 20% of the 
children who have been examined by pediatric nephrologists for isolated microhematuria are 
diagnosed with AS (Kashtan 2001).  

The second step in the diagnosis of AS is to collect a detailed family history of the patient 
(Grünfeld 2000; Gross and Rascher 2019). A known kidney dysfunction or hearing 
impairment of a relative could be a hint for AS (Gross and Rascher 2019). It can be useful 
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to obtain urine samples of first degree relatives and to check for familial microhematuria 
(Gross and Rascher 2019). In male and female patients, three urine samples should be taken 
before stating an absence of hematuria (Kashtan 2001).  

Microscopic hematuria in the mother can suggest an X- chromosomal linked disease. In the 
father it could be linked to an autosomal inheritance (Grünfeld 2000).  

Physical examinations with an audiogram and ocular tests should be done to check for 
extrarenal manifestations (Kashtan 2001). Hearing defects can be slight or non-apparent and 
should be detected with an audiogram (Grünfeld 2000). Bilateral high frequency 
sensorineural hearing loss usually becomes measurable in late childhood when children are 
aged 6 to 10 years (Kashtan 2001).  

Physical ocular examinations include a slit-lamp, retinal photography, and an OCT (Savige 
et al. 2015). The presence of common ocular changes such as lenticonus anterior and 
peripheral retinopathy, can confirm the diagnosis of AS (see 1.4.2 Ocular symptoms) (Savige 
et al. 2015). Anterior lenticonus typically manifests in late adolescent years and can be 
diagnosed with the help of slit-lamp examination to detect corneal dystrophy. The lenticonus 
can also appear as a bubble in the red reflex or as an oil-droplet sign on direct 
ophthalmoscopy (Savige et al. 2015). An annular dark shadow separates the bright reflex of 
the central and peripheral areas due to a reflection of the light (Prajna 2013).  

Central and peripheral retinopathies can be diagnosed with an ocular examination and retinal 
photographs. Central retinopathies are preferably diagnosed with red free images whereas 
peripheral retinopathy may need retinal photographs extending their view into the periphery. 
Retinal color photography can also help diagnose retinal temporal thinning. A dull reflex of 
the macula instead of a normal round foveal reflex is characteristic (see 1.4.2 Ocular 
symptoms). Another diagnostic method to confirm retinal thinning is to measure the 
thickness of the retina on an OCT. An OCT is useful in evaluating the retina and occurring 
abnormalities such as a thinning of the retina and macula, or lamellar holes, as these are not 
detectable with retinal photographs (Savige et al. 2015). 

Lenticonus, central retinopathy, and the dot and fleck retinopathy may indicate an onset of 
early kidney failure before the age of 30 (Jais et al. 2000; Tan et al. 2010). 

These tests are easily available, quick to undertake, inexpensive, and easy accessible to 
patients (Savige et al. 2015). There are no guidelines specifying what kind of ocular tests 
should be performed in patients with AS.  

A renal biopsy can be performed to confirm a diagnosis of AS (Kashtan 2001). This 
diagnostic method is recommended in cases where the clinical and family history are not 
typical or where no relevant variants have been found (Kashtan 2001). Electron microscopy 
should be performed to examine the GBM (Kruegel et al. 2013). Diffuse thickening and 
fragmentation of the GBM are typical for the AS (Pirson 1999). Male patients with XLAS 
typically show an absence of α3, α4, and α5 chains in immunostaining in the biopsy (Kashtan 
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2001). A renal biopsy can detect other abnormalities such as a focal segmental 
glomerulosclerosis (FSGS) or an IgA glomerulonephritis (Savige et al. 2019). 

The goldstandard for diagnosis of AS is the molecular genetic analysis (Gross and Rascher 
2019). It contributes to diagnosing complex pathologic diseases or identifying a 
misdiagnosed nephropathy (Groopman et al. 2018). Using next generation sequencing, a 
genetic analysis is recommended by the expert guidelines of 2019 (Savige et al. 2019). The 
guidelines recommend that patients with suspected AS should be tested for variants in all 
three Alport genes (COL4A5, COL4A3, and COL4A4) (Savige et al. 2019). The 
determination of these variants can confirm the diagnosis of AS and the type of inheritance 
(Savige et al. 2013). Knowing the form of inheritance can help to identify other family 
members at risk and possible disease reoccurrence (Savige 2018). Genetic testing can replace 
a renal biopsy in many patients (Gross 2004). It is less invasive than a renal biopsy and has a 
specificity of 95% (Kashtan 2001). Another advantage of genetic testing is to know the type 
of variant. It can help to anticipate the clinical course of the disease. The detection of the 
variant allows an early diagnosis in the stage of isolated hematuria and therefore the 
possibility of an early begin of treatment (Gross 2004). Families should undergo genetic 
counseling (Gross 2017).  

To summarize: children with persisting microhematuria, especially with a positive family 
history for hematuria or chronical renal insufficiency, should undergo a genetic diagnostic 
examination and see a nephrologist every six months (Gross and Rascher 2019). Genetic 
testing has become the diagnostic test of choice, providing information about the possible 
severity of the disease and its prognosis (Savige et al. 2019). 

1.6 Therapy 

Therapy options for AS have been the subject of clinical research for many years. The long 
course of the disease combined with still unknown pathomechanisms finally leading to 
kidney failure make it difficult to establish an ideal treatment scheme (Gross 2004). In 
addition, a chronic degenerative disease with genetic origin is difficult to treat. Yet, much 
progress has been made in the last 30 years (Rheault et al. 2019). Animal models were used 
to explore the pathogenesis of the renal disease and to target specific therapeutic approaches 
(Heidet and Gubler 2009). Until today the aim of existing therapies is to prevent the 
progression of the disease (Nozu et al. 2019). There is currently no curative therapy available 
for AS (Torra and Furlano 2019). No therapies are known to protect patients from ocular 
changes or hearing loss (Kruegel et al. 2013). Available therapies for ocular and auricular 
manifestations are only visual aids such as glasses and hearing aids. From the age of 7 or 8, 
patients should be examined yearly with hearing and visual tests (Kashtan et al. 2013). Clinical 
manifestations of the eyes can only be treated symptomatically, a lenticonus or cataract can 
be treated with lens removal or replacement (Moshirfar et al. 2019). 
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Available therapies available are ACEi upon signs of proteinuria and hematuria, dialysis upon 
reaching ESKD, and renal transplantation as a last option for a better quality of life and a 
complete healing of the renal symptomology. New therapeutic approaches such as MiR-21 
inhibition are currently being investigated (Torra and Furlano 2019).  

1.6.1 ACE inhibitors 

The ACEi ramipril is the first line therapy recommended for AS (Kashtan et al. 2013). It is 
the most successful therapy available, reducing blood pressure and proteinuria and can 
extend the time until dialysis becomes necessary (Gross et al. 2012a). 

The angiotensin converting enzyme (ACE) transforms angiotensin I to angiotensin II. This 
enzyme is an important factor of the renin angiotensin aldosterone system (RAAS) which 
plays a significant role in the water and electrolyte balance in the body and in the regulation 
of the blood pressure. The RAAS is an essential component of the targeted area of therapy 
of AS (Gross 2017). The liver forms angiotensinogen and the kidney releases renin. Renin is 
an enzyme which converts angiotensinogen to angiotensin I. Angiotensin I is then 
transformed to angiotensin II by the ACE. Angiotensin II is responsible for an increase in 
pressure in the glomerular capillaries, for the induction of chemokines and oxygen radicals 
and for the stimulation of the synthesis of extracellular matrix (Wolf and Ritz 2005; Rüster 
and Wolf 2006). It interacts with angiotensin receptors (AT1 receptors) located in the blood 
vessels, leading to a contraction of the blood vessels and therefore a rise in blood pressure. 
In addition, angiotensin II releases aldosterone from the adrenal cortex. Aldosterone leads 
to an increased retention of sodium in the kidney. The resorbed sodium withdraws water 
from the kidney tubule into the body's blood system, resulting in a further increase in blood 
pressure (Rüster und Wolf 2006). Thus, the inhibition of ACE and the AT1 receptor 
blockade lead to a lowering of blood pressure (Brenner et al. 2001; Wolf and Ritz 2005).  

In 2003, Gross et al. demonstrated in knockout mice that an early therapy at the stage of 
isolated hematuria with ACEi delays the occurrence of renal insufficiency and renal fibrosis, 
reduces proteinuria, and prolongs the life span (Gross et al. 2003). Data of the European 
registry data of Alport patients confirmed the assumption that ACEi can also reduce 
proteinuria in humans (Gross et al. 2012a). In addition, the ESCAPE study (Effect of Strict 
blood pressure Control and ACE inhibition on the progression of chronic renal failure in 
Pediatric patients) conducted 2004 demonstrated that children with both hereditary and 
acquired kidney diseases showed benefits in a therapy with ramipril. The blood pressure and 
proteinuria could be reduced (Wühl et al. 2004). 

Therapy with ACEi for AS patients has shown that the need for dialysis can be delayed until 
the patient has reached a higher age (Gross 2017). An early treatment with ACEi in Alport 
stage II (see 1.4.1 Nephrological symptoms) can delay kidney failure and the need for dialysis 
by 18 years (Gross et al. 2012a). If therapy is started in stage III the dialysis can only be 
delayed by three years (Gross 2017). The current recommendation for grown-ups (patients 
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over 18 years old) with proteinuria over 0.3 g/day is to receive up to 10 mg/m2 ramipril a 
day. Children (patients under 18 years old) with proteinuria over 0.3 g/day should receive a 
maximum of 6 mg/m2 rampiril a day (Gross et al. 2012b). Currently, ACEi are authorized 
for children eight years and older with hypertension, yet they are not formally approved for 
children with proteinuria or kidney diseases (Torra and Furlano 2019). As ACEi are still off-
label use in children without hypertension, safety is a concern regarding treatment (Gross et 
al. 2012a). The EPA trial examined the safety and efficacy of ramipril in children aged two 
to 17 as well as the optimal start of therapy (Gross et al. 2012a; Gross 2017). The results 
showed that a preemptive therapy is safe and effective (Gross et al. 2020). The risk of the 
disease progression was reduced by almost 50%. In addition, a decrease in albuminuria and 
a diminishment of a decline of the GFR was observed. Gross et al. emphasize that early 
initiation therapy in stages 0 or I can slow renal failure. Gross et al. suggest that the 
assessment of hematuria in children and young adults should include a genetic screening for 
Alport variants (Gross et al. 2020). 

In 10% of the patients, the ACEi induced accumulation of bradykinin can lead to the side 
effect of a dry cough (Overlack 1996).  

AT1 antagonists and aldosterone inhibition are the second line therapy (Kashtan et al. 2013). 
In a study, it was demonstrated that AT1 antagonists significantly lowered proteinuria (Webb 
et al. 2013). Additionally, it can be helpful to follow a healthy lifestyle, such as reducing salt 
intake, avoiding being overweight and smoking (Gross 2017).  
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1.6.2 Dialysis 

Dialysis presents a therapeutic option once a patient has reached ESKD (Wolf and Ritz 
2005).  

Absolute indications to start dialysis are: pericarditis, pulmonary edema, refractory 
hypertension, uremic encephalopathy and/or neuropathy, a tendency to clinical relevant 
bleeding, nausea, and vomiting due to uremia (Daugirdas et al. 2012).  

Approximately 65,000 patients in Germany receive chronic dialysis therapy (Frei 2008). 
According to the 2008 annual report of the North American Pediatric Renal Trials and 
Collaborative Studies (NAPRTCS 2008), 1.9% of the all patients that received dialysis were 
Alport patients (Strasser et al. 2012). Dialysis is a therapeutic option to bridge the time until 
renal transplantation. 

Without ACEi therapy, the average AS patient is 22 years old when he needs to start with 
dialysis (Gross et al. 2012a). In comparison, an average dialysis patient who does not have 
AS is 65 years old (Hiramatsu 2007).  

The time span between the diagnosis of AS and the beginning of therapy with dialysis depend 
on various factors which include: mode of inheritance, variation, and previous therapy the 
patient has received (Kruegel et al. 2013; Gross 2017). 

Heterozygote carriers with XLAS or ARAS carrying more “fortunate” variants such as 
glycine-variants, can profit from an early therapy with renin angiotensin aldosterone system 
inhibitors (RAASi). These patients can possibly avoid dialysis (Gross 2017). 

1.6.3 Kidney transplantation 

A kidney transplant is the favored treatment option for patients with ESKD due to AS. 
(Kashtan 2018). Some patients are more likely to undergo a transplantation than others 
depending on sex, variant, and genotype (Kashtan 2018). At the age of 25, 50% of male 
patients with XLAS reach renal insufficiency (Jais et al. 2000). Of all kidney transplanted 
patients in the United States in 2000, 2.3% had AS (Atkin et al. 1988). 

AS patients usually recover very well after a kidney transplantation (Kashtan 2018). The 
disease does not recur after the transplantation, unless the donor also had AS (Gross and 
Kashtan 2009). Studies showed that the patient and graft survival rates are similar or even 
exceed the rates of patients with other renal diseases (Mallett et al. 2014; Gross et al. 2017). 
As a rare complication noticed mostly within the first year of the transplant, 0.4% of patients 
develop antibodies, leading to a post-transplant anti-GBM nephritis (Mallett et al. 2014; 
Kashtan 2018). Patients who exhibit a missense variant in COL4A5 or have an ADAS have 
a very low risk of getting this post-transplant disease and those who have large gene deletions 
have a higher chance of getting this complication (Lemmink et al. 1997; Kashtan 2018). In 
addition, the type of the kidney transplant donor is important and needs to be considered. 
There is a significant risk to reach ESKD in women with a X-chromosomal linked AS (Jais 
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et al. 2003). Therefore, they should not be seen as potential candidates for a transplant 
(Kashtan 2018). 

1.6.4 Future potential therapy options  

Beyond the nonspecific RAASi therapy as mentioned above, there is no effective therapy 
available for Alport patients (Torra and Furlano 2019). New therapy options are needed to 
prevent the progression of AS. Many innovative approaches and studies in animal models 
are exploring possible therapy options. MiR-21 inhibitors, Bardoxolone, statins, and 
Paricalcitol are several examples of treatment options that are currently under investigation 
(Torra and Furlano 2019). 

MiR-21 is a small RNA which contributes to fibrosis in many organs including the kidney 
(Gomez et al. 2015). Studies which examined the impact of miR-21 inhibiting 
oligonucleotides in COL4A3 mouse models showed a significant reduction of fibrosis and 
albuminuria (Gomez et al. 2015). Moreover, it improved survival rates of AS mice by over 
40% and led to a decrease in glomerulosclerosis, inflammation, and was protective against 
TGFß1 induced fibrosis. These results imply that MiR-21 inhibition could be a possible 
therapeutic option for chronic kidney diseases including AS (Gomez et al. 2015).  

The BEACON study demonstrated an improvement in renal function due to Bardoxolone 
in patients with CKD stage IV and diabetic nephropathy (Chin et al. 2018). Bardoxolone 
interacts with the NF-kB signal pathway of activated B-cells and can increase the GFR, also 
activating anti-inflammatory and antioxidant genes (Kruegel et al. 2013). The BEACON 
study had to be stopped due to side effects such as heart failure, repatriable to an excess in 
fluid because of the suppression of endothelin (de Zeeuw et al. 2013). The CARDINAL 
study is a new study which examines the impact of Bardoxolone for Alport patients (Torra 
and Furlano 2019).  

Statins (HMG-CoA reductase inhibitors) show nephroprotective and antifibrotic effects 
(Koepke et al. 2007). One study showed that the survival time of COL4A3 mice treated with 
the HMG-CoA reductase inhibitor, cerivastatin, could be extended by 28% in comparison 
to mice with no therapy (Koepke et al. 2007). A reduction of proteinuria and uremia was 
detected, in parallel to reduced renal fibrosis and the reduction of inflammatory cell 
infiltration (Gross et al. 2014). Statins inhibit the proliferation of mesangial cells in the kidney 
and the production of the profibrotic cytokine TGF-ß1 (Kim et al. 2000). Statins could be 
an additional treatment option for patients with AS and hypercholesterolemia to delay renal 
failure and to prevent cardiovascular events (Gross et al. 2014).  

A combination therapy of ACEi with Paricalcitol was done. Paricalcitol is a vitamin D 
receptive activator. While positive results were achieved in COL4A3 mouse models, there is 
not enough evidence to validate this treatment to be effective for humans (Torra and Furlano 
2019).  
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Sodium-glucose cotransporter 2 (SGLT2) inhibitors decrease blood pressure and the GFR 
(Nespoux and Vallon 2018). Beneficial renal effects are a decrease in filtered albumin and a 
prevention of an aggravation of renal symptoms in diabetic nephropathy (Davidson 2019). 
Renoprotective factors of SGLT2 inhibitors are under investigation to verify their 
therapeutic potential for AS (Davidson 2019). 

1.6.5 Therapy surveillance  

To prevent secondary complications of AS the following measures can be considered. 
(Kashtan 2001). Patients with corneal erosions may be able to prevent further minor trauma 
of the eyes by wearing goggles for protection, for example when riding a bicycle. Pediatric 
patients should undergo an audiologic examination at the age of six every one to two years 
(Kashtan 2001). Patients who present a type IV nephropathy should continuously see a 
nephrologist in addition to a general practitioner. Renal functions need to be assessed once 
proteinuria has developed. Serum creatinine concentration, GFR, and blood pressure levels 
should be checked regularly. Women carrying an XLAS mode of inheritance need to be 
examined on a regular basis by a nephrologist for proteinuria and hypertension (Kashtan 
2001; Jais et al. 2003). 

1.7 Objectives 

The objective of this dissertation is to characterize the eye phenotype in children with AS. 
Based on the EPA trial, ocular reports are to be examined in order to investigate ocular 
changes such as refractive power, astigmatism, lenticonus, and macular pigment. In addition, 
kidney parameters are to be evaluated such as the severity of the variant, stages of the disease, 
and progress in the disease in order to compare the ocular with the renal symptomatology. 

Following questions are to be answered: 

Do pediatric Alport patients of the EPA trial show ocular changes? 
If yes, what type of ocular changes such as refractive power and astigmatism, or 
pathologies were found? 
Are these findings related specifically to AS? 
How do ocular changes evolve over a long time period? 
Is there a relation between ocular changes and the severity of the kidney disease, taking into 
account parameters such as the severity of the variant and stages of AS? 
How old were the patients when they were diagnosed with ocular changes? 
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2 Material and Methods 

2.1 EARLY PRO-TECT Alport Trial 

This dissertation is based on clinical data collected during the EPA trial. All data within this 
trial was collected under the direction of the University Medicine of Göttingen and Prof. Dr. 
med. O. Gross. The primary objective of this clinical trial was to examine the safety and 
efficacy of the early start for therapy with ACEi in oligosymptomatic children with AS. The 
results showed that an early initiation of ramipril therapy in Alport stages 0 and I is safe and 
slows early disease progression (Gross et al. 2020). 

The trial is a phase III, multi-center, randomized, placebo-controlled, double-blind study in 
66 oligosymptomatic pediatric patients with early stages of AS (Gross et al. 2020). Early 
stages entail an Alport stage 0 or I with microhematuria, microalbuminuria, and a GFR  
of > 90 ml/min/1.73 m2 (Gross 2017). The trial was conducted in Germany and collected 
data on the progress of affected individuals since 2012. Participating study centers included 
14 sites in Germany. 

Three different patient groups were investigated in the trial. 

Patients in an early stage of the disease (before proteinuria > 0.3 g per day) and untreated 
with ramipril were randomized into two groups between ramipril and placebo (Gross et al. 
2012b). 22 patients received ramipril or a placebo for over three years. If a kidney progress 
was observed, the patients were unblinded and treated with ramipril. Patients in stage II of 
the disease or previously treated with ramipril, in total 44, were open treated with ramipril 
(Gross et al. 2020). A progression in stage 0 was defined as a threefold increase of 
albuminuria, a progression in stage I as a twofold increase from baseline albuminuria, and 
progression in stage II as a twofold increase from baseline albuminuria (Gross et al. 2020). 
A possible progress of albuminuria was checked every six months with 24-hour urine by a 
blinded investigator.  

Variants in the EPA trial were classified into mild, moderate, and severe. The mild variant 
includes glycine XY variants. Moderate variants involve non-glycine XY missense variants, 
in frame, and acceptor splice site variants. The severe variant is characterized by large 
rearrangements, deletions, stop, frameshift, and donor splice site variants (Gross et al. 2002). 
In addition to data on the safety of drug therapy and renal function parameters, the trial 
included data on hearing function, ocular findings, and family history. An ocular progress 
was defined as any change in the eyes. Alport specific pathologic ocular reports were defined 
as a lenticonus, macular changes, vitreous body destruction or opacity, and retinopathies. 
Alport nonspecific pathologic ocular reports were defined as non-healthy manifestations of 
the eyes such as strabismus or conjunctival irritation. 



Material and Methods 19 

  

In 66 patients who were included, the primary points to be examined were "progress of 
kidney disease" and "safety". This project was approved by the Ethics Commission of the 
Georg-August-University under the application number 11/6/11. 

2.2 Patient collective 

The patients had to meet the following criteria of the EARLY PRO-TECT trial to be 
included in the database: confirmation of AS by biopsy or molecular genetic analysis, age 
between two and 18 years, AS stages 0 or I, and no treatment with ACEi unless in the open 
label treatment arm. 

Patients with the following criteria were excluded from the trial: contraindications, allergies 
or intolerances to ramipril, uncertain diagnosis or being a heterozygous carrier, AS stages 
II, III or IV, psychological conditions, use of drugs or alcohol, pregnancy, and additional 
chronic diseases such as cardiac or pulmonary disease or liver dysfunction (Gross et al. 
2012b).  

2.3 Data collection 

Ocular data could be used for 46 out of 66 patients. For these 46 patients the study centers 
provided the medical ocular reports and the distributed including the worksheet for the 
ophthalmologist. These ocular investigations were part of the regular routine ocular 
examinations.  

The worksheets were provided to the study centers to complete them, according to the 
Alport specific changes. A template can be found in Appendix 1. Macular pigment, 
lenticonus, and cataract were inquired. In addition, regular ocular examinations were 
performed to check the patients for conspicuous ocular changes. Examinations included the 
following: refraction measurement, a cover test, slip lamp, and long stereo test. The anterior 
and posterior sections of the eyes were examined.  

Medical findings of the patients were collected by professional monitors. The files were 
analyzed retrospectively. Demographic data such as date of birth, age, sex, inheritance, and 
family correspondence were examined. The patient age at the first and last examination, 
severity of the variant (mild-moderate-severe), stages of AS (0-I-II), and the age at the 
inclusion of the trial were included. It was documented if and how long the patient received 
ACEi. Furthermore, the renal and ocular progress were to be documented.  

The following ocular parameters were considered: refractive power (hyperopia-myopia-
emmetropia), astigmatism, execution of Alport specific tests, lenticonus, cataract, macular 
pigment, and pathologic and Alport nonspecific clinical findings. 

After determining the parameters, the data from the returned worksheets were 
pseudonymized and compiled in an Excel sheet. 



Material and Methods 20 

  

2.4 Statistical methods 

The Excel table was prepared in the version 16.33 2019. For the statistical evaluation the 
SAS software version 9.4 software was used. The data was represented by absolute and 
relative frequencies as well as mean value, median, and standard deviation. Mean and 
standard deviation for continuous variables (e.g. age) and relative frequencies for variables 
with nominal scale (without order, e.g. gender), and ordinal scale (with order, e.g. severity of 
the variant (=genotype)) were used.  

The statistical evaluation was supported by Mr. Sebastian Pfeiffer from the Institute for 
Medical Statistics in Göttingen. 
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3 Results 

3.1 Evaluation of  the patient collective  

Ocular data was collected from 46 patients out of 66 children that were included in the trial. 
Out of these 46 patients, 45 (98%) were male and one (2%) was female. The average age of 

the patients at the time of the trial inclusion was eight years of age (± 4). The youngest patient 
was two years old and the oldest patient was 17 years old. Out of 46 patients, the mode of 
inheritance was XLAS in 38 patients (83%) and autosomal in eight patients (17%). 

 
Figure 1 Mode of inheritance, n = 46 

3.1.1 Age of patients and examinations 

Ideally, patients were to be examined for ocular changes every three years in order to detect 
an ocular progress. Medical reports were received from 46 out of 66 patients. 21 of these 46 
patients had more than one examination.  

On average, these 21 patients were nine years old (± 4) when they received the first screening. 
The youngest patient was one year old and the oldest patient was 15 years old, as shown in 

Table 2. Patients were on average 13 years old (± 4) at the last screening. The youngest patient 
was six years old and the oldest patient was 19 years old, as shown in Table 3. The average 

time span between the first and the last examination was four years (± 2). 

Table 2 Age at first inspection 

 N Mean STD SEM Min Q1 Median Q3 Max 
Mean 

(95%LCL) 
Mean 

(95%UCL) 

Total 21 8.9 4.0 0.9 1.0 7.0 9.0 11.0 15.0 7.1 10.7 

 

83%

17%

X-chromosmal Autosomal
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Table 3 Age at last inspection 

 N Mean STD SEM Min Q1 Median Q3 Max 
Mean 

(95%LCL) 
Mean 

(95%UCL) 

Total 21 12.8 4.2 0.9 6.0 10.0 13.0 16.0 19.0 10.9 14.7 

 

As shown in Table 4, 21 of 46 patients had more than one medical report. Eleven patients 
(24%) had two reports, two patients (4%) had three reports, five patients (11%) had four 
reports, and three patients (7%) had five reports. 25 patients (54%) only had one report. 

Table 4 Number of medical reports 

# 1 2 3 4 5 Total 

Total in 
patients 

25 (54.3%) 11 (23.9%) 2 (4.3%) 5 (10.9%) 3 (6.5%) 46 (100%) 

 

3.2 Ocular findings 

3.2.1 Ocular changes 

Twelve of 46 patients (26%) had pathologic ocular reports, leaving 34 patients (74%) with 
inconspicuous results.  

 
Figure 2 Pathologic ocular changes in total, n = 46 

Of these twelve patients, five patients (11%) showed Alport specific ocular findings. Seven 
patients (15%) exhibited Alport unspecific ocular findings, as presented in Figure 3. 

26%

74%

Pathologic changes No changes
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Figure 3 Alport specific and nonspecific ocular changes, n = 46 

Out of the five patients with specific AS ocular changes, one patient (2%) exhibited macular 
pigment, one patient (2%) presented macular thinning, and three patients (7%) showed a 
vitreous body degeneration. 

 
Figure 4 Patients with Alport specific ocular changes, n = 5 

The patient who exhibited macular pigment was male with XLAS, 10 years old at the first 
examination and was examined three times in total, respectively after four years and after 
two years. He had a variant categorized as moderate, was in Alport stage I, and had a progress 
of the renal function during the trial. Eyes were emmetropic with no astigmatism. 
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15%

74%

Alport specific ocular changes Alport nonspecific ocular changes No changes

2% 2%

7%

0%

1%

2%

3%

4%

5%

6%

7%

8%

Alport specific ocular changes

Macular pigment Macular thinning Vitreous body destruction



Results 24 

  

Macular thinning was diagnosed in a 20 year old man with ARAS in stage II and a variant 
categorized as moderate with no kidney progress. Hyperopia and astigmatism were verified.  

Vitreous body destruction was found in three patients. These were all male and in Alport 
stage I. Each exhibited an astigmatism. The average age upon diagnosing vitreous body 
destruction was eight years old, as shown in Figure 5. The first patient was seven years old 
with ARAS, with a variant categorized as moderate, and hyperopia. No kidney progress was 
noted. The second patient was eight years old with XLAS, a variant categorized as severe, 
and emmetropia. The third patient was ten years old with XLAS, and a variant categorized 
as severe, and emmetropia. No kidney progress was noted. 

 
Figure 5 Age at examination period finding an Alport specific ocular change, n = 5 

The seven patients (15%) with Alport nonspecific ocular changes are listed below. 

Table 5 Alport nonspecific ocular changes found in the EPA patients 

Patient-ID Group Family- 
history 
positive 

Severity 
of the 
variant 

Alport-Stage 
at trial 
inclusion 

Gender Year of 
birth 

Year of 
exami-
nation 

Age Findings 

93_02_01 Open 
(R.) 

No Moderate 1 Male 2007 2017 10 Conjunctival irritation 

93_03_04 Ramipril No Mild 0 Male 1999 2014 15  

 Ramipril No Mild 0 Male 1999 2016 17  

 Ramipril No Mild 0 Male 1999 2017 18 Blepharitis, Corneal 
vascularization 

 Ramipril No Mild 0 Male 1999 2018 19 Corneal vascularization 

93_03_05 Placebo No Moderate 0 Male 2004 2015 11 Papilla excavation 

 Placebo No Moderate 0 Male 2004 2018 14 Papilla excavation 

10
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8

0 5 10 15 20 25

Macular pigment

Macular thinning
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Age in years



Results 25 

  

Patient-ID Group Family- 
history 
positive 

Severity 
of the 
variant 

Alport-Stage 
at trial 
inclusion 

Gender Year of 
birth 

Year of 
exami-
nation 

Age Findings 

93_05_02 Open 
(R.) 

No Moderate 0 Male 2009 2012 3 Iriscolobom 

93_07_03 Open 
(R.) 

No Moderate 0 Male 2002 2017 15 Short blurred vision 

93_12_05 Open 
(R.) 

No Severe 2 Female 2000 2014 14 Follicular conjunctival 
swelling on both sides 

 Open 
(R.) 

No Severe 2 Female 2000 2015 15  

 Open 
(R.) 

No Severe 2 Female 2000 2017 17  

93_13_03 Ramipril No Mild 0 Male 1999 2009 10 Inner strabismus, 
enlarged papilla 
excavation, borderline 
retinal nerve layer 
thickness 

 Ramipril No Mild 0 Male 1999 2016 17 Inner strabismus 

 

Among these seven patients, ocular medical findings consisted of conjunctival irritation, 
corneal vascularization, papilla excavation, iriscolobom, blurred vision, follicular conjunctival 
swelling, and inner strabismus. Except one patient at three years old, the age of the patients 
ranged between ten and 19 years old. 

3.2.2 Astigmatism and refractive power 

Alport patients were examined for astigmatism and refractive power as part of their regular 
ocular examinations. An astigmatism was found in over half of the patients, by a total of 24 
(52%). One patient (2%) did not have an astigmatism and for 21 patients (46%) no 
information regarding the astigmatism was included in the medical reports. The average age 

of the patients at the time of the diagnosis of astigmatism was nine years old (± 4) with a 
minimum age of one and a maximum age of 20. 



Results 26 

  

 
Figure 6 Prevalence of astigmatism in EPA patients, n = 46 

Regarding the refractive power, the majority of the patients exhibited hyperopia, including 
21 (46%) of the patient collective. Followed by 13 patients (28%) with emmetropia and one 
patient (2%) with myopia. Eleven patients (24%) did not have information about the 
refractive power stated in their medical reports. 

 
Figure 7 Distribution of children with refractive power, n = 46 

The patients were analyzed in regard to their age at the time of examination for the refractive 
power, as shown in Table 6. Most patients with hyperopia were examined at the age of five, 
the youngest patient being three years old. The patient with myopia was 14 years old at the 
time of examination and the majority of patients who exhibited emmetropia were examined 
at age 13, the youngest being six. 

52%

2%

46%

Astigmatism No astigmatism No information

46%

2%

28%

24%

Hyperopia Myopia Emmetropia No information
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The mean age of patients with hyperopia was 16 years old. The myopic patient was 14 years 
old at the time of examination and emmetropic patients were 19 years old on average. 

Table 6 Refractive power classification by age at the time of examination 

 Number of patients with refractive power  

Age at the 
time of the 
examination 

N/A Myopia Hyperopia Emmetropia Total 

3 1 (25%) 0 (0%) 3 (75%) 0 (0%) 4 (8.7%) 

4 1 (50%) 0 (0%) 1 (50%) 0 (0%) 2 (4.3%) 

5 1 (50%) 0 (0%) 1 (50%) 0 (0%) 2 (4.3%) 

6 3 (75%) 0 (0%) 0 (0%) 1 (25%) 4 (8.7%) 

7 0 (0%) 0 (0%) 3 (60%) 2 (40%) 5 (10.9%) 

8 0 (0%) 0 (0%) 1 (33.3%) 2 (66.7%) 3 (6.5%) 

9 1 (50%) 0 (0%) 1 (50%) 0 (0%) 2 (4.3%) 

10 2 (22.2%) 0 (0%) 5 (55.6%) 2 (22.2%) 9 (19.6%) 

11 0 (0%) 0 (0%) 1 (33.3%) 2 (66.7%) 3 (6.5%) 

13 0 (0%) 0 (0%) 1 (25%) 3 (75%) 4 (8.7%) 

14 0 (0%) 1 (50%) 1 (50%) 0 (0%) 2 (4.3%) 

15 0 (0%) 0 (0%) 2 (66.7%) 1 (33.3%) 3 (6.5%) 

18 1 (100%) 0 (0%) 0 (0%) 0 (0%) 1 (2.2%) 

20 1 (50%) 0 (0%) 1 (50%) 0 (0%) 2 (4.3%) 

Total 11 (23.9%) 1 (2.2%) 21 (45.7%) 13 (28.3%) 46 (100%) 

 

Table 7 shows the relation between astigmatism and the refractive power of the patients. The 
sum of the patient collective for astigmatism does not add up to 24 patients but only 19 as 
noted in Table 7. The reason for this is that not each medical report included astigmatism 
and refractive power together. This table only refers to patients with information for both 
refractive power and astigmatism. Out of 19 patients who had an astigmatism, 15 (79%) also 
had hyperopia. Or counter-wise, out of 21 patients with hyperopia, 15 (71%) had an 
astigmatism. The one patient with myopia had an astigmatism and the rest of the patients 
with normal eyesight had an astigmatism to 23%. 
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Table 7 Relation between astigmatism and refractive power 

 Patients with Astigmatism  

Refractive 
power 

yes no N/A Total 

N/A 0 (0%;0%) 0 (0%;0%) 11 (42.3%;100%) 11 (23.9%) 

Myopia 1 (5.3%;100%) 0 (0%;0%) 0 (0%;0%) 1 (2.2%) 

Hyperopa 15 (78.9%;71.4%) 0 (0%;0%) 6 (23.1%;28.6%) 21 (45.7%) 

Emmetropia 3 (15.8%;23.1%) 1 (100%;7.7%) 9 (34.6%;69.2%) 13 (28.3%) 

Total 19 (41.3%) 1 (2.2%) 26 (56.5%) 46 (100%) 

 

3.2.3 Stages of Alport syndrome, severity of the variants, and the kidney progress 

Figure 8 demonstrates that the majority of patients was in AS I, including 19 patients (41%), 
followed by stage 0 with 17 patients (37%). Ten patients (22%) were in stage II. 

 
Figure 8 Percentage of patients with Alport stages 0, I, and II, n = 46 

The severity of variants can be divided into mild, moderate, and severe. Seven patients (15%) 
had a variant categorized as mild, 24 (52%), over half of the patients had a variant categorized 
as moderate, and 15 (33%) a variant categorized as severe, as shown in Table 8. 
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Table 8 Inheritance and severity of the variant 

 Severity of the variant   

Inheritance mild moderate severe Total 

X-linked 7 (100%;18.4%) 19 (79.2%;50%) 12 (80%;31.6%) 38 (82.6%) 

autosomal 0 (0%;0%) 5 (20.8%;62.5%) 3 (20%;37.5%) 8 (17.4%) 

Total 7 (15.2%) 24 (52.2%) 15 (32.6%) 46 (100%) 

 

Out of 38 patients who expressed a X-chromosomal linked inheritance, seven patients (18%) 
had a mild variant, 19 patients (50%) a moderate, and twelve patients (32%) a severe variant. 
Out of the eight patients with an autosomal inheritance, none showed a mild variant, leaving 
five (63%) with a moderate variant, and three (38%) with a severe variant.  

A progress in the kidney disease was found in 16 (35%) out of the 46 Alport patients. 30 
patients (65%) did not have a progress. 

An eye progress was only found in one patient which will be discussed in 3.2.4. 

3.2.4 Correlation of ocular and renal parameters 

The correlation of ocular and renal parameters was examined. 

Refractive power and the severity of the variant were compared with each other, as shown 
in Table 9. The patient with myopia had a variant categorized as severe. Out of 21 patients 
with hyperopia, three patients (14%) had a variant categorized as mild, nine patients (43%) 
had a variant categorized as moderate, and also nine patients (43%) as severe. Out of 13 
patients with emmetropia, three patients (23%) had a variant categorized as mild, six (46%) 
had a variant categorized as moderate, and four (31%) as severe. 

Table 9 Refractive power and severity of the variant 

 Severity of the variant  

Refractive power mild moderate severe Total 

N/A 1 (14.3%;9.1%) 9 (37.5%;81.8%) 1 (6.7%;9.1%) 11 (23.9%) 

Myopia 0 (0%;0%) 0 (0%;0%) 1 (6.7%;100%) 1 (2.2%) 

Hyperopia 3 (42.9%;14.3%) 9 (37.5%;42.9%) 9 (60%;42.9%) 21 (45.7%) 

Emmetropia 3 (42.9%;23.1%) 6 (25%;46.2%) 4 (26.7%;30.8%) 13 (28.3%) 

Total 7 (15.2%) 24 (52.2%) 15 (32.6%) 46 (100%) 
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The refractive power can also be related to different Alport stages. The myopic patient was 
in Alport stage II. Out of a total of 21 hyperopic patients, seven patients (33%) had Alport 
stage 0, eight patients (38%) were in stage I, leaving six patients (29%) in stage II. The 
majority of emmetropic patients, (seven patients (54%)), were in stage 0, followed by five 
patients (39%) in stage I, and one patient (8%) in stage II, as shown in Figure 9. 

 
Figure 9 Relation between refractive power and Alport stages, n = 46 

In total, 16 (35%) out of the 46 patients had a kidney progress whereas 30 patients (65%) did 
not.  

The myopic patient did not show a kidney progress. Six patients (29%) of the 21 patients 
with hyperopia had a progress. Six patients (46%) of the 13 emmetropic patients also had a 
kidney progress.  

The parameters severity of the variant, stages of AS and progress in the kidney can be 
compared with the astigmatism. Out of 24 patients with an astigmatism, three patients (13%) 
had a variant categorized as mild, nine (38%) had a variant categorized as moderate, and 
twelve (50%) had variant categorized as severe, shown in Figure 10. 
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Figure 10 Severity of the variant in patients with astigmatism, n = 46 

Regarding the Alport stages, six (25%) of the 24 patients with an astigmatism were in stage 
0, followed by ten patients (42%) in stage I, and eight patients (33%) in stage II. Most patients 
with an astigmatism had a variant categorized as severe and an Alport stage I. Ten (42%) of 
24 patients with an astigmatism showed a progress in the kidney while 14 (58%) of the 
patients with an astigmatism did not show a progress.  

Eight of the 46 patients (17%) patients had family members who also had ocular 
irregularities. Yet, there was no correspondence between patients with Alport specific ocular 
changes and family members with ocular changes.  

An ocular progress was only found for one patient. This patient was male, 15 years old at the 
first inspection and had a X-chromosomal linked inheritance. He had a variant categorized 
as mild with an AS stage 0 and a kidney progress after three years, together with an ocular 
progress. His refractive power was normal, an astigmatism was not noted. After three years 
during the third examination, an inflammation along the edges of the eyelids was found along 
with corneal vascularization. 
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50%
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4 Discussion 

This dissertation examines ocular changes of children that participated in the EPA trial. It is 
evaluated what kind of ocular changes these children showed and if these changes are 
characteristic for AS. The relation between the ocular changes, age, and stages of the kidney 
disease is examined in this chapter. The results of the ocular medical reports collected in the 
EPA trial are discussed in context with studies which also investigated ocular changes in 
Alport patients. The following discussion focuses on astigmatism, refractive power, and the 
Alport specific ocular changes such as macular thinning, macular pigment, vitreous body 
degeneration, lenticonus, and retinopathy. Examination methods, patient ages, and kidney 
stages are further aspects of this discussion. 

4.1 Summary of  main results 

98% of the patients in this trial were male and 2% were female.  

On average, the patients were eight years old (± 4). Most patients had their first ocular 

examination at the age of nine (± 4).  

The majority of the patient collective showed an astigmatism (52%), of which most were in 
Alport stage I and showed a variant categorized as severe.  

45% of the patients were hyperopic, in stage I (41%), and showed a variant categorized as 
moderate (52%). 

An Alport specific eye phenotype was seen in 5 patients (10%). This included macula 
thinning, macula pigment, and vitreous body destruction. These five patients showed variants 
categorized as moderate to severe and were in Alport stage I. They had an astigmatism and 
a tendency to hyperopia or emmetropia. On average these patients were seven to ten years 
old. 

4.2 Discussion of  results 

4.2.1 Astigmatism 

52% (n = 24) of the EPA patient collective of Alport patients exhibited astigmatism. In 
relation to the kidney parameters, the majority, 41% (n = 10), of these patients was in Alport 
stage I. 50% (n = 12) of the patients with astigmatism had a variant categorized as severe, 
followed by 38% (n = 9) variant categorized as moderate. Based on these data, a trend can 
be observed that Alport patients tend to develop astigmatism. Each patient in the EPA trial 
with an Alport specific ocular abnormality, except the one with macular pigment, had 
astigmatism. These astigmatic patients tended to have a variant categorized as moderate to 
severe, rather than mild. Literature regarding astigmatism and the correlation with the 
genotype does not exist. The refractive power of 19 astigmatic patients could be examined. 



Discussion 33 

  

79% (n = 15) of the astigmatic patients in this trial were hyperopic. The single myopic patient 
also had astigmatism. The high incidence of hyperopia and astigmatism in the EPA trial does 
not coincide with other studies. Studies suggested that astigmatism can be associated with 
myopia (Fulton et al. 1982; Gwiazda et al. 2000; Read et al. 2007; Suranyi et al. 2019).  

Suranyi et al. conducted a study with seven patients from 2014 to 2015 in which a 29 year 
old patient was diagnosed with astigmatism and myopia (Suranyi et al. 2019).  

Fulton et al. examined 298 myopic children which were up to ten years old and discovered 
that children with astigmatism were associated with higher degrees of myopia than children 
who did not have astigmatism (Fulton et al. 1982).  

Gwiazda et al. examined 245 children with a mean age of 13 years and described that 
astigmatism after age seven is associated with myopia and less hyperopia (Gwiazda et al. 
2000).  

The different outcomes between the studies mentioned above and the EPA trial could be 
explained with the participation of just one myopic patient in the EPA trial. Although a 
tendency can be observed that Alport patients have astigmatism, this statement has to be 
cautioned by the fact that data could only be retrieved from 54% of the patients.  

The relation between astigmatism and kidney parameters could not be compared because of 
a lack of literature. 

However, the prevalence of astigmatism in patients with AS can be compared to the 
prevalence in the population without AS. According to Read et al., astigmatism occurs in 
13% of all refractive errors in the healthy population (Read et al. 2007). In the EPA trial 52% 
of Alport patients had astigmatism. Studies describe similar percentages in patient 
populations without AS (Fledelius and Stubgaard 1986; Satterfield 1989).  

A study by Satterfield performed 1989 in a military population of 1112 patients aged 20 to 
30 years, depicted astigmatism in 63% (n = 701) of the collective (Satterfield 1989). Fledelius 
examined 454 patients aged 5 to 80 years old and found astigmatism in 46% (n = 209) of the 
population (Fledelius and Stubgaard 1986). 

On average, EPA trial patients with astigmatism were nine years old. This corresponds to 
the findings of Hirsch in which astigmatism predominates until the age of nine (Hirsch 1963; 
Gwiazda et al. 1984). At the time of the ocular examination in the EPA trial, the youngest 
patient was one year old and the oldest was 20 years old. Infants and patients show a high 
prevalence of a high degree astigmatism in early stages of their life (Gwiazda et al. 1984; Read 
et al. 2007). Gwiazda et al. examined 1000 children who were up to six years old. In the study 
a high prevalence of astigmatism was found, especially in the first two years (Gwiazda et al. 
1984). As infants grow, the cornea flattens and the degree of astigmatism reduces (Read et 
al. 2007). By reaching school age, astigmatism usually eliminates or reduces further (Gwiazda 
et al. 1984). Astigmatism in young adults under the age of 40 is mostly low and occurs 
commonly (Read et al. 2007).  
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Two more recent studies of younger patients without AS demonstrate lower percentages of 
astigmatism which do not coincide with the percentages of the EPA trial. In 2011, Fozailoff 
et al. conducted a study with 2994 African American children and 3030 Hispanic children  
who were six to 72 months old. The prevalence of astigmatism was 13% (n = 389) in the 
African American children and 17% (n = 515) in the Hispanic children (Fozailoff et al. 2011). 
A study by Ying examined 4040 three to five year old children from the United States and 
found a prevalence of 4 to 11% (n = 162 to 444) (Ying et al. 2014).  

In a study conducted by Mutti in 2004, 298 children who were three to 36 months old were 
examined using video-based keratophacometry and ultrasonography over the closed eye in 
addition to cycloplegic retinoscopy. The previously mentioned studies concentrated on 
cycloplegic retinoscopy. In Mutti’s study astigmatism was found in 42% (n = 125) of infants 
aged three months old. A significantly lower percentage of 4% (n = 12) was seen in children 
who were 36 months old (Mutti et al. 2004). This decrease of astigmatism as children become 
older corresponds to the observations in the studies mentioned above of Gwiazda et al. and 
Read et al. (Gwiazda et al. 1984; Read et al. 2007) 

The Gutenberg Health Study published in 2016 examined 13959 patients in Germany to 
evaluate the refractive power and astigmatism. Patients were between 35 and 75 years old. 
The prevalence of astigmatism was 32.3% (n = 4509) (Wolfram et al. 2014). 

Older studies, for example these of Fledelius and Satterfield, argue that astigmatism with 
46% and 63% is high in the healthy population. More recent studies by Mutti et al., Fozailoff 
et al., Ying et al., and Wallace et al. show that astigmatism is below 15% in the healthy 
population. A study comparison is shown below in Table 10.  

Table 10 Astigmatism in EPA Alport patients compared to astigmatism in healthy patients of cited studies 

Studies EPA 

(2019) 

Gutenbg. 

(2016) 

Ying 

(2014) 

Fozailoff 

(2011) 

Mutti 

(2004) 

Satterfield 

(1989) 

Fledelius 

(1986) 

n (total) = 46 13959 4040 2994-3030 298 1112 454 

Astigmatism 
patients (%) 

52 32 4-11 13-17 4 63 46 

Age  1-20 
years 

35-75 
years 

3-5 
years 

6-72  
months 

3-36  
months 

20-30 
years 

5-80 
years 
 

 

Compared to the low percentages of astigmatism from these recent studies, the high 
percentages of astigmatism in the EPA trial data could indicate that patients with AS have a 
higher tendency to develop astigmatism than patients without AS.  

An explanation for the various outcomes in the studies could be the different settings in each 
study such as the age of the patients, the examinations, and the classification of astigmatism. 
In the EPA trial it was not differentiated in diopters between a high and a low astigmatism. 
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Certain studies defined astigmatism after a certain dioptic value. This detailed information 
was not always noted in the medical reports of the EPA patients. The EPA medical reports 
often only noted if astigmatism was generally existent or not. In addition, the cited studies 
are larger than the EPA trial and show a greater statistic power.  

4.2.2 Myopia 

In the EPA trial 2% (n = 1) of the children had myopia. This patient was 14 years old at the 
time of the examination. He was in Alport stage II and had a variant categorized as severe. 
Although for a statistic evaluation one patient is not sufficient, the 2% of myopia found in 
the EPA trial matches with the average percentage of myopia found in studies of the healthy 
population.  

Ying et al. examined 4040 children from the United States who were three to five years old. 
The children were examined with cover testing and cycloplegic retinoscopy. 0.2% (n = 8) to 
2% (n = 81) of these children had myopia (Ying et al. 2014).  

A study by Ojaimi et al. showed similar results. The study examined myopia among 1765 
Australian children who were on average seven years old. The prevalence of myopia was 
1.43% (n = 25) (Ojaimi et al. 2005).  

In the Baltimore study 2546 American children who were six to 71 months old were 
examined. Myopia was found in 0.7% (n = 18) of white children and in 6% (n = 153) of 
African-American children (Giordano et al. 2009). According to the Gutenberg Health Study 
of 2014, the prevalence of myopia was 35.1% (n = 4900) in 13959 healthy 35 to 75 year old 
patients in Germany (Wolfram et al. 2014). 

The statistic power of the studies above is greater than in the EPA trial due to a larger patient 
collective. One myopic patient is not enough in order to compare myopia in Alport patients 
with myopia in the healthy population. Further studies with a higher number of myopic 
patients with AS would need to be done for a more reliable comparison.  

4.2.3 Hyperopia 

46% (n = 21) of the EPA patients were hyperopic. Most of these patients were five years old 
at the time of the examination. The youngest hyperopic patient was three years old.  
43% (n = 9) of these hyperopic patients had a variant categorized as severe. Also 43% (n=9) 
of the hyperopic patients had a variant categorized as moderate. Only 14% (n = 3) of patients 
with hyperopia had a variant categorized as mild. These data indicate that AS patients with a 
variant categorized as severe or moderate are more likely to become hyperopic.  

Studies which examined hyperopia in the population without AS observed similar 
percentages of hyperopia.  

Ying et al. examined 4040 children who were three to five years old and observed hyperopia 
in 40% (n = 1616) (Ying et al. 2014).  
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The multi-ethnic pediatric eye disease study in 2010 examined 2994 African American and 
3030 Hispanic children who were six to 72 months old. Hyperopia was found in 27%  
(n = 808) of the African American children and in 21% (n = 636) of the Hispanic children, 
adding up to a total of 48% patients with hyperopia (Multi-Ethnic Pediatric Eye Disease 
Study Group 2010).  

Mohindra and Held examined 400 children who were up to five years old and observed a 
prevalence of hyperopia of 35% (n = 140) (Mohindra and Held 1981).  

The Gutenberg Health Study with 13959 patients found a prevalence of 31.8% (n = 4439) 
in healthy hyperopic patients who were 35 to 75 years old (Wolfram et al. 2014). 

In contrast to these four studies that support the results of the EPA trial, the Baltimore study 
had a different outcome (Giordano et al. 2009). Giordano et al. examined 2546 American 
children who were six to 71 months old and found hyperopia in 9% (n = 229) of white 
children and in 4% (n = 102) of African-American children.  

The studies of Ying et al., Multi-Ethnic Pediatric Eye Disease Study Group, Mohindra and 
Held, and the Gutenberg Health Study observed percentages between 30% and 48% of 
hyperopia in healthy patients. Alport patients in the EPA trial showed a similar prevalence 
of hyperopia with 46%. This can lead to the assumption that patients with AS do not have a 
higher tendency to develop hyperopia than patients without AS.  

4.2.4 Macular thinning 

2% (n = 1) of the EPA patients had macular thinning. This patient was male and had an 
autosomal mode of inheritance. He was 20 years old and in Alport stage II. He had a variant 
categorized as moderate and had hyperopia as well as astigmatism.  

The following studies also observed temporal macular or temporal retinal thinning in Alport 
patients.  

Bemme et al. found four out of five patients with severe temporal macular thinning in their 
patient collective of XLAS Alport patients. In contrast to the low percentage of macular 
thinning in the EPA trial, Bemme et al. stated that temporal macular thinning is one of the 
most common ocular symptoms of AS (Bemme 2015).  

A study conducted by Ahmed et al. with 32 XLAS patients also showed a high occurrence 
(70%) (n = 22) of temporal macular thinning (Ahmed et al. 2013). Examinations done in 
both studies of Bemme et al. and Ahmed et al. included retinal imagining using an OCT and 
fundus photography (Ahmed et al. 2013; Bemme 2015). These examination methods were 
also documented in the medical report of the EPA patient with macular thinning.  

Ahmed et al. observed a presence of the X-linked COL4A5 gene in every patient of his study. 
In his study temporal macular thinning is associated with an X-chromosomal form of 
inheritance and COL4A5 variants (Ahmed et al. 2013). Kashtan also examined a link between 
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XLAS and maculopathy (Kashtan 2003). This does not coincide with the patient of the EPA 
trial, who had an autosomal form of inheritance.  

Jais et al. examined 162 male patients with a COL4A5 variant for ocular changes and 
discovered maculopathy in 14% (n = 23). In comparison to the observation of Ahmed and 
Kashtan, Jais et al. could not find a significant correlation with a COL4A5 variant (Jais et al. 
2000).  

Fawzi et al. found temporal retinal thinning in one of nine Alport patients using a Fourier 
domain OCT (Fawzi et al. 2009). This patient was 19 years old.  

Chen et al. examined 47 Alport patients. Of 19 male patients, 89% (n = 17) had temporal 
retinal thinning. Of 28 female patients, 75% (n = 21) had temporal retinal thinning. Chen et 
al. observed that temporal retinal thinning is more pronounced and severe in male XLAS 
patients than in female XLAS patients (Chen et al. 2018). In addition to OCT, examinations 
performed were retinoscopy, ophthalmoscopy, slit-lamp biomicroscopy, and retinal 
photography. Chen et al. state that temporal retinal thinning is relatively specific for XLAS 
in men with renal failure and is linked to early-onset renal failure (Chen et al. 2018). In the 
EPA trial, this statement could not be confirmed since the EPA patient with macular 
thinning had not yet reached ESKD.  

A recent study of K. Hess demonstrated a presence of foveal changes in Alport patients 
using OCT (Hess et al. 2020). Observed ocular changes were foveal hypoplasia and a 
staircase-like thinning of the inner retinal layers, previously called “staircase-foveopathy”. 
Hess et al. suggest that type IV collagen, which is present in Bruch’s membrane and inner 
limiting membrane plays an important role in foveal development and maintenance of inner 
retinal layers. The presence of foveal changes shows the heterogeneity of the disease and that 
not all characteristics of ocular involvement in AS have been described in literature. 

A study comparison can be seen in Figure 11. The table shows that temporal macular and 
retinal thinning is common in patients with AS. In comparison to the EPA trial, high 
percentages of temporal macular and retinal thinning were found in the cited studies. 
However, only one EPA patient was examined with OCT. The cited studies applied OCT to 
all patients. If more patients of the EPA trial were examined with OCT, temporal macular 
and retinal thinning could have possibly been found in more patients. This demonstrates the 
importance of elaborated examination methods such as OCT. 
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Figure 11 Patients with temporal macular or retinal thinning in cited studies with related examination 
methods 

There are case reports of OCT findings of Alport patients with temporal and perimacular 
thinning.  

Cho et al. reported one patient with AS and temporal macular thinning who was 24 years old 
(Cho et al. 2017).  

Gupta et al. examined two Alport patients who were 19 and 24 years old with temporal 
macular thinning (Gupta et al. 2019). The 19 year old patient in the case report of Gupta et 
al. was myopic (Gupta et al. 2019). In contrast, the EPA patient was hyperopic.  

The patients of selected studies had a similar age at the time of the investigations. EPA 
patient 20 years old, Fawzi patient 19 years old, Cho patient 24 years old and Gupta patients 
19 and 24 years old. This suggests that temporal retinal thinning is more likely to be found 
in adolescent Alport patients than in very young patients. However, in order to notice a 
significant correlation between the age or the severity of the variant and macular thinning a 
larger number of Alport patients with temporal retinal thinning needs to be included in 
further studies.  

4.2.5 Macular pigment 

2% (n = 1) of the EPA trial had macular pigment. This patient was male and had an X-
chromosomal form of inheritance. He had a variant categorized as moderate, was in Alport 
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stage I, and showed a kidney progress. His eyes were emmetropic without astigmatism. A 
fundus examination was documented in the medical report. At the time of the diagnosis, the 
EPA patient was ten years old. This age is different to the age of the patients in the following 
mentioned studies, who were on average six, 19, 22.5, and 24 years old. 

Already in 1981, it could be proven that Alport patients can have macular lesions and 
pigment (Gubler et al. 1981). Gubler et al. conducted a study in which 18 of 26 Alport 
children showed macular changes (Gubler et al. 1981). At the time of diagnosis, the patients 
were on average six years old. In five children macular changes manifested as an enlargement 
and abnormal pigmentation of the macula. 13 children had yellow or white granular lesions 
around the fovea. Most of these patients had hematuria, frequent proteinuria, and developed 
terminal renal failure (Gubler et al. 1981).  

Similar findings of macular pigment could be found in the studies of Govan, Thompson, 
Perrin et al., Jais et al., and Fawzi et al. (Perrin et al. 1980; Govan 1983; Thompson et al. 
1987; Jais et al. 2000; Fawzi et al. 2009).  

Govan observed pale yellow flecks mainly in the temporal region of the macula in 14 of 16 
patients (Govan 1983). These patients were on average 24 years old and had chronic renal 
failure. They were on dialysis or had received a renal transplant. Ocular examinations 
included subjective and objective refraction, ophthalmoscopy, fundus photography, an 
electroretinogram, and an electrooculo-gram (Govan 1983). Five of these 14 patients were 
myopic and eight patients had astigmatism. In contrast, the EPA patient was emmetropic 
and did not show astigmatism.  

Thompson et al. conducted a study with 42 Alport patients. These patients had hematuria 
with or without proteinuria and renal failure. They were on average 23 years old. He observed 
perimacular flecks in three patients (Thompson et al. 1987). Ocular examinations included 
ophthalmoscopy, slit lamp, stereo lamp, fundoscopy, and visual acuity.  

The study by Perrin et al. with 79 patients conducted from 1962 to 1977 discovered 
symmetric, bilateral perimacular changes in 29 patients (Perrin et al. 1980). These changes 
were characterized through bright white and yellow granulations around the fovea. It was 
notable that patients with macular flecks experienced an earlier onset of renal failure than 
patients without macular flecks (Perrin et al. 1980). Patients in the studies described above 
often had renal failure and were on dialysis or had a kidney transplant. In comparison, the 
patient of the EPA trial did not have renal failure.  

A more recent study of Jais et al. observed macular flecks in 15% (n = 52) of the patient 
collective of 349 patients (Jais et al. 2003). The patients were female and between one and 57 
years old. Most of these patients developed proteinuria. Patients of this study were on average 
younger than two years old when they were diagnosed with hematuria.  

A study of Fawzi et al. with nine patients discovered macular flecks in one 19 years old Alport 
patient. The examination methods in this study were fundus exam, fluorescein angiography, 
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fundus autofluorescence, and high-resolution OCT (Fawzi et al. 2009). This patient had 
early-onset disease and was on dialysis. He had experienced a post-transplant anti-GBM 
rejection. 

Table 11 shows the percentages of macular pigment and the kidney information noted in 
these studies.  

Table 11 Macular pigment, kidney status, and examination methods in cited studies 

Studies EPA trial 

(2019) 

Fawzi 

(2009) 

Jais 

(2003) 

Thompson 

(1987) 

Govan 

(1983) 

Gubler 

(1981) 

 Perrin 

(1977) 

n (total) = 46 9 349 42 16 26 79 

Macular 
pigment 
patients (%) 

2 11 15 7 88 69 37 

Age in years 10 19 1-57 23 24 6 N/A 

Kidney 
status 

Alport 
stage I 

ESKD Protein
-uria 

ESKD ESKD ESKD ESKD 

Examination 
methods 

Fundo-
scopy 

Fundoscopy, 
fluorescein 
angiography, 
fundus 
autofluoresce
nce, and 
high-
resolution 
OCT 

N/A Ophthalmo-
scopy, slit 
and stereo 
lamp, 
fundoscopy 

Ophthalmo-
scopy, fundus 
photography, 
electroretino-
gram, and 
electrooculo-
gram 

N/A  

 

It can be said that macular pigment can be found in children as well as in adults with AS. 
Including children, many of these patients had ESKD. Although the total number of children 
of these studies is lower compared to the number of adults, it can be seen that there is no 
characteristic difference between children and adults. 

The findings of the EPA trial indicate that macular thinning and macular pigment could be 
linked to AS. This has also been documented in the studies mentioned above. However, in 
contrast to the EPA trial which used regular ocular examinations, the other studies included 
additional examinations such as fluorescein angiography, fundus autofluorescence, and high-
resolution OCT. This may have impacted the result comparison between the EPA trial and 
the other studies mentioned above. 

4.2.6 Further macular findings 

Macula changes diagnosed in the EPA trial patients were macular thinning and macular 
pigment. Further macular changes in Alport patients were found in the studies of Fawzi et 
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al. and Savige et al. These studies described a bull‘s eye maculopathy and a vitelliform 
maculopathy (Fawzi et al. 2009; Savige et al. 2017). The study of Fawzi et al. with nine 
patients identified one 19 year old patient with a bull’s eye maculopathy. This was 
characterized as macular staining in a bull’s eye pattern in the right eye. Fluorescein 
angiography, OCT, a fundus exam as well as fundus autofluorescence were used for the 
examinations (Fawzi et al. 2009). Another patient, 56 years old, of this study showed macular 
vitelliform detachment lesions in both eyes and peripheral retinal flecks. Examinations 
performed were fundus autofluorescence imaging, high-resolution OCT, and fluorescein 
angiography (Fawzi et al. 2009). Both patients of the study of Fawzi et al. were male and in 
late stages of the disease with a renal transplantation. In comparison to the EPA trial, neither 
the EPA patient with macular pigment nor the EPA patient with macular thinning had renal 
failure.  

The study of Savige et al. conducted with 69 patients also found a bull’s eye maculopathy in 
one Alport patient. This patient was female and had a normal renal function. Savige et al. 
stated that this maculopathy may result from a damaged Bruch’s membrane which can affect 
the vision (Savige et al. 2017). 

The above studies show that the macula can often be affected in Alport patients. It does not 
necessarily have to be macular pigment or macular thinning but can also be related to other 
maculopathies such as a vitelliform or bull’s eye maculopathy.  

Although these studies examined mainly adult patients these types of ocular changes should 
not be ignored when diagnosing children for AS. This comment is made since macular 
thinning and macular pigment could also be found in children and adults, see chapter 4.2.4 
and 4.2.5.  

4.2.7 Vitreous body degeneration 

Vitreous body degeneration or opacity was found in 7% (n = 3) of the EPA patients. Each 
of these patients was male, in Alport stage I, and had astigmatism. Anterior segment and 
fundoscopy were used as eye examination. A vitreous body degeneration has to be severe in 
order to be observed in a regular ocular exam and is pathologic in young patients. Therefore, 
it can be discussed that a vitreous body degeneration in Alport patients is so pronounced 
that it is often noticeable.  

In 2003 Shaikh et al. reported the first case of vitreous body degeneration associated with 
AS (Shaikh et al. 2003). A fundoscopic examination showed posterior vitreoretinal 
degeneration and retinal detachment in a male patient with renal failure who was 49 years 
old (Shaikh et al. 2003). The EPA patients with vitreous body degeneration were much 
younger (7, 8, and 10 years old) than the patient of Shaikh’s et al. case report. In comparison 
to the patient of the study of Shaikh et al., the EPA children had not reached ESKD. This 
demonstrates that vitreous body degeneration can occur at a young age and before renal 
failure in Alport patients. Therefore, in order to gain more information on the ocular changes 
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in AS, it can be discussed that it is beneficial to examine children with AS for vitreous body 
degeneration. 

The three EPA children had a variant categorized as either moderate or severe. This could 
indicate that AS patients with a variant categorized as severe or moderate are more likely to 
develop a vitreous body degeneration or opacity than patients with a mild variant. 

While the patient of the case report of Shaikh et al. was myopic, the EPA children were 
hyperopic or emmetropic. Due to the fact that each patient had a different refractive power, 
no relation could be seen between vitreous body degeneration and refractive power. Another 
notable aspect is that the patient of Shaikh et al. demonstrated retinal detachment in addition 
to the vitreous body destruction. In contrast, the ocular reports of the EPA children 
documented an attached retina. This difference in the ocular findings shows that a vitreous 
body degeneration does not have to be accompanied by retinal detachment.  

Shaikh et al. suggest ophthalmologists to be aware of the possibility of vitreous body 
degeneration and retinal detachment when examining the anterior segment and fundus of 
Alport patients (Shaikh et al. 2003). The findings of the EPA trial support this statement. 

4.2.8 Additional ocular changes found in other studies 

4.2.8.1 Lenticonus anterior 

Although lenticonus anterior is known to be a pathognomonic AS symptom, it was not 
detected in EPA patients (Kashtan 2003).  

Lenticonus anterior was described in many studies with Alport patients (Kashtan 2003; Shaw 
et al. 2007; Zhang et al. 2008; Savige et al. 2010; Tan et al. 2010). Already in 1997 Colville 
and Savige stated that lenticonus occurs in 25% of affected male patients (Colville and Savige 
1997). In 1980 Perrin discovered lenticonus anterior with fundoscopic examination in 29 of 
79 patients (Perrin et al. 1980). 

Savige et al. conducted a study including four male and four female patients with XLAS and 
three male patients with ARAS (Savige et al. 2010). On average these eleven patients were 35 
years old and had an early onset of renal failure. Lenticonus was detected in two of the male 
patients with XLAS and in the three male patients with ARAS. To diagnose the lenticonus 
the eyes were examined for the oil-droplet sign with a retinoscope.  
A study of Hentati et al. examined 32 patients for ocular changes. 28% (n = 9) of the patients 
showed lenticonus anterior, similar to the 25% of the patients in the study of Colville and 
Savige (Hentati et al. 2008).  

Shaw’s et al. study included 26 patients (Shaw et al. 2007). Lenticonus was found in 70%  
(n = 18) of male patients with XLAS and in 100% of patients with ARAS. The patients were 
examined for the oil-droplet sign with a hand-held refractoscope. Most patients of the study 
had an early onset of renal failure (Shaw et al. 2007).  
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Studies of Jais et al., Gross et al., and Savige et al. examined a relation between lenticonus, 
COL4A5 variants, and early-onset renal failure.  

Jais et al. observed a genotype-phenotype correlation of lenticonus in 195 families which had 
the COL4A5 gene. (Jais et al. 2000). All patients had hematuria and 95% showed proteinuria 
(Jais et al. 2000). Out of 162 patients who were examined for ocular changes, 13% (n = 35) 
had lenticonus. Lenticonus was more likely to occur in patients who had a large COL4A5 
deletion than in patients with splice site or missense variants. Patients with large COL4A5 
deletions tended to develop early-onset renal failure (27 families) (Jais et al. 2000).  
78% (n = 282) of the 360 patients with follow-up investigations progressed to ESKD.  

In a study with 276 patients, Gross et al. described that COL4A5 variants in male XLAS 
patients have a tendency to lead to early-onset renal failure and lenticonus (Gross et al. 2002). 
Ocular data was received for 49 patients. 57% (n = 28) of these 49 patients had lenticonus. 
In five patients who had lenticonus large rearrangements were verified. Gross et al. also 
discovered that large protein structure changes are very likely to lead to an early onset of 
ESKD (Gross et al. 2002). Similar findings that support this assumption were found by 
Savige et al. who examined a link between nonsense variants in the COL4A5 gene, early 
onset ESKD, and lenticonus (Savige et al. 2016). 

Figure 12 shows an overview of the number of patients affected with lenticonus in the 
different studies. It presents that lenticonus is often found in Alport patients. The 
examinations performed to diagnose lenticonus were refractoscopy to look for the oil-
droplet sign and fundoscopy. 

 
Figure 12 Number of patients with lenticonus in cited studies with related examination methods 
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4.2.8.2 Retinopathy 

Retinopathy is another characteristic ocular symptom of AS. It has been linked to lenticonus 
and early-onset renal failure (Savige et al. 2015).  

Several studies detected retinopathies in Alport patients. Bemme et al. observed peripheral 
retinopathy in 20% (n = 1) of his study with 5 patients (Bemme 2015). This patient was male 
with XLAS (Bemme 2015). OCT, slit-lamp, ophthalmoscopy, fundus autofluorescence, 
fundus photography, as well as multicolor imaging were used in this study as examination 
methods. 

In the study of Zhang et al. 15 male patients who were on average eleven years old were 
examined. 33% (n = 5) of these children had central or peripheral flecks which often 
preceded the early onset of renal failure (Zhang et al. 2008). Zhang et al. used a retinoscope 
to look for the oil-droplet sign, pupil dilation and fundoscopy, and slit-lamp to examine the 
eyes. Zhang et al. suggested to examine male Alport patients more than ten years old for 
retinopathies using retinal examinations and photography (Zhang et al. 2008). They stated 
that an eye examination can be helpful to diagnose AS even before the onset of renal failure.  

A similar percentage of retinopathy was found in the study of Hentati et al. conducted with 
32 patients. They observed retinal flecks in 37% (n = 12) of the patient collective (Hentati et 
al. 2008).  

Shaw et al. examined 26 Alport patients. Most of the patients had renal failure. 62% (n = 16) 
of these patients had central retinopathy and 74% (n = 19) had peripheral retinopathy (Shaw 
et al. 2007). The patients were partially affected with both central and peripheral retinopathy. 
Retinal photography and a dilation of the pupils were used to diagnose retinopathy. The 
study stated that peripheral retinopathy was more likely to occur if central retinopathy, 
lenticonus, and renal failure were already present (Shaw et al. 2007).  

Fawzi et al. discovered central retinal flecks in one patient, peripheral retinal flecks in another 
patient and both types of flecks in two different patients of their study with nine Alport 
patients (Fawzi et al. 2009). The examinations performed were fundus autofluorescence and 
high-resolution OCT. Each patient had reached ESKD. They were on dialysis or had 
received a renal transplant.  

Shaw et al., Savige et al., and Fawzi et al. stated that retinopathy is linked to an early onset of 
renal failure. 

Another type of retinopathy related to AS is the dot and fleck retinopathy (Tan et al. 2010).  

Using fundus photography and autofluorescence imaging, dot and fleck retinopathy was 
found in a patient of the study of Cho et al. (Cho et al. 2017). This patient was 24 years old 
with a COL4A3 variant and had a renal transplant (Cho et al. 2017).  
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A study of Shaw discovered dot and fleck retinopathy in 8 of 10 examined patients. These 
patients were male, up to 54 years old. Most of the patients were on dialysis or had received 
a renal transplant (Shaw et al. 2007).  

Tan et al. discussed that dot and fleck retinopathy confirms the diagnosis of AS and predicts 
a tendency to a higher risk of developing early-onset renal failure (Tan et al. 2010).  

These studies demonstrate that retinopathy is a common symptom of AS and can be found 
in children as well as in adults. Retinopathy was described that it is often associated with 
early-onset renal failure. Studies of Savige et al. and Shaw et al. showed that children who 
exhibit lenticonus are likely to be affected by retinopathy. Therefore, when children or adults 
are diagnosed with lenticonus, the possibility of retinopathy should be considered. Knowing 
that retinopathy is a characteristic symptom of AS can be useful to confirm the diagnosis of 
AS in adults and in children. An overview of the study findings including the related 
examination methods is presented in Figure 13. 

 
Figure 13 Patients with retinopathy in cited studies with related examination methods 
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categorized as severe were more likely to lead to an early onset of ESKD and ocular changes 
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The EPA trial did not find lenticonus and therefore no connection to a variant could be 
observed. However, the EPA trial showed that patients with macular thinning, macular 
pigment, and a vitreous body degeneration tended to have variants categorized as medium 
or severe.  

4.2.10 Limitations of the study 

The patients in the EPA trial were examined in various centers by different ophthalmologists 
which may not have had the same knowledge level of AS.  

Medical reports were documented differently. Some reports listed the examination methods 
completely and described specifics such as the ocular fundus details and anterior segment 
findings. Other reports answered the provided worksheet checkmarks such as lenticonus 
anterior and macular pigment but did not include specific examination methods. Symptom 
information such as macular thinning or retinopathy was not requested in the worksheet. 
Therefore, the ophthalmologists may have not been aware that Alport patients can exhibit 
these lesions.  

A long-term evolvement of the ocular changes could not be observed because most patients 
were only examined once, not every three years as it was planned. The examination methods 
and the patient data varied between the different studies. This is mainly related to different 
patient ages, patient numbers, ocular parameters, and different Alport stages.  

4.2.11 Discussion conclusion 

The pediatric Alport patients of the EPA trial showed ocular changes. Hyperopia and 
astigmatism were symptoms documented in the medical reports of the children. The 
prevalence of astigmatism in these Alport children was high compared to studies of 
astigmatism in the healthy population. Findings which were related specifically to AS were 
macular pigment, macular thinning, and vitreous body degeneration. Next to the EPA trial 
the cited studies also observed that these changes are characteristic for AS.  

The EPA trial did not find lenticonus or retinopathy and showed lower percentages of 
macular thinning and macular pigment than the in the discussion cited studies. A reason for 
this could be that examinations which were done in the EPA trial were not precise enough 
to find the ocular changes. Table 12 gives an overview of the examination methods 
documented in the EPA trial in comparison with the examination methods documented in 
the cited studies. The studies included examinations such as OCT, fundus photography, 
electro and oculogram, fundus autofluorescence, autofluorescence imaging, retinoscopy for 
the oil-droplet sign, and retinal photography. With a broader spectrum of examination 
methods, it is possible that the cited studies were able to detect more ocular changes. 
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Table 12 Comparison of examination methods in the EPA trial and cited studies 

Ocular changes Examination methods  
in the EPA trial 

Examination methods  
in cited studies 

Macular thinning OCT, fundus photography OCT, fundus photography 

Macular pigment Fundoscopy Ophthalmoscopy, 
fundoscopy, electro and 
oculogram, fluorescein 
angiography, slit and stereo 
lamp, fundus 
autofluorescence, OCT 

Further macular findings: 
bull’s eye and vitelliform 
maculopathy 

N/A Fluorescein angiography, 
OCT, autofluorescence 
imaging 

Vitreous body degeneration Fundoscopy and anterior 
segment exam 

Fundoscopy and anterior 
segment exam 

Lenticonus N/A Retinoscopy: oil-droplet 
sign 

Retinopathy N/A Retinal photography, 
dilation of pupils, fundus 
photography 

 

A long-term evolvement of the ocular changes could not be evaluated, see 4.2.10. At the time 
of the diagnosis, the EPA children with the Alport specific ocular changes were between 
seven and ten years old with the exception of one child who was 20 years old. Most of the 
in the discussion cited studies examined children as well as adults. EPA patients with the 
specific Alport changes exhibited a variant of the kidney disease categorized as medium or 
severe and were in Alport stages I or II. In contrast, patients of the cited studies had already 
reached ESKD. They were on dialysis or had received a renal transplant.  

The Alport patients of the EPA trial were sent to the ophthalmologists in the context of a 
regular ocular examination. Therefore, elaborate tests were not expected to be performed. 
This shows that a regular ocular screening is not enough to detect possible Alport specific 
ocular lesions. More precise examination methods such as OCT, fluorescence angiography, 
and retinal photography are needed in order to detect ocular changes in Alport patients.  
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4.3 Outlook 

Ocular involvement is likely to be overlooked in Alport patients when ophthalmologists are 
unaware of the specific changes. 

To guide ophthalmologists to diagnose ocular changes in pediatric Alport patients an Alport 
eye pass can be included in the parents’ child booklet, see Appendix 2 and 3.  

When diagnosing a child with AS, the pediatric nephrologist should inform the parents of 
possible ocular changes. The pediatric nephrologist would hand out the Alport eye pass to 
the parents which they would present to an ophthalmologist for further evaluation of an 
ocular involvement. 

The Alport eye pass includes the contact information, diagnosis and medication of the child. 
Possible ocular changes of AS such as anterior lenticonus, retinopathy, macular thinning, 
macular pigment, vitreous body opacity, and astigmatism are listed in the Alport eye pass. To 
ensure continuous ocular observations, it suggests that examinations should begin at age six 
and should be followed up every three years depending on the ocular report. The Alport eye 
pass offers a table where the ophthalmologist can document the performed examination 
methods and results.  

Further studies including ocular and renal manifestations are recommended to continue the 
knowledge increase of AS. It is advisable to conduct an additional study with more Alport 
patients where specific directions for precise diagnostic methods and ocular changes are 
given. The Alport eye pass can help in this study.  

A close cooperation between the pediatric nephrologist, the parents and the ophthalmologist 
is key to recognize, diagnose, and to treat ocular changes. 
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5 Summary 

The objective of this dissertation was to characterize the ocular changes in pediatric Alport 
patients of the EARLY PRO-TECT Alport trial. The EARLY PRO-TECT Alport trial 
examined the safety and efficacy of angiotensin converting enzyme inhibitors as an early 
therapeutic option for pediatric Alport patients. Alport syndrome leads to renal insufficiency 
eventually ending in end stage kidney disease. Untreated patients get renal insufficiency early, 
requiring kidney replacement methods such as dialysis at the age of about 20 or a renal 
transplant. Other common symptoms of Alport Syndrome involve auricular and ocular 
changes. 

Medical reports and worksheets were examined for ocular parameters such as astigmatism, 
refractive power, and Alport specific changes. The kidney parameters Alport stages and gene 
variant were included in the data collection to observe the relation to ocular changes. A 
statistical evaluation supported the processing of data to relate them to the patient collective.  

The results of the EARLY PRO-TECT Alport trial evaluation showed hyperopia and 
astigmatism in most patients. Macular thinning, macular pigment, and vitreous body 
degeneration were found in 11% (n = 5). These patients were between seven and ten years 
old, except one patient who was 20 years old. They were in Alport stages I or II and had a 
gene variant with a medium or severe course of the kidney disease. 

Other studies observed higher percentages of the Alport specific changes macular thinning, 
macular pigment, and vitreous body degeneration than the EARLY PRO-TECT Alport trial. 
In addition, the studies found lenticonus and retinopathy. The literature mainly focused on 
adults while the EARLY PRO-TECT Alport trial examined a pediatric population. The 
EARLY PRO-TECT Alport trial and the other studies differed in the examination methods 
and data such as patient age, patient numbers, ocular parameters, and Alport stages. 

The results of the EARLY PRO-TECT Alport trial showed that it is beneficial to examine 
children more specifically and that there should be minimum requirements to examine 
children more precisely using examination methods such as optical coherence tomography, 
fluorescence angiography, and retinal photography. A routine ocular examination is not seen 
to be sufficient to detect Alport specific ocular changes. 

Therefore, as an instruction to the ophthalmologist, an Alport eye pass was developed to 
perform a more precise examination.  
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6 Appendix 

6.1 Worksheet 
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6.2 Alport eye pass  
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6.3 Alport eye pass in German 
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