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Summary

Clinical characteristics
The spectrum of COL4A1-related disorders includes: small-vessel brain disease of varying severity including 
porencephaly, variably associated with eye defects (retinal arterial tortuosity, Axenfeld-Rieger anomaly, cataract) 
and systemic findings (kidney involvement, muscle cramps, cerebral aneurysms, Raynaud phenomenon, cardiac 
arrhythmia, and hemolytic anemia). On imaging studies, small-vessel brain disease is manifest as diffuse 
periventricular leukoencephalopathy, lacunar infarcts, microhemorrhage, dilated perivascular spaces, and deep 
intracerebral hemorrhages. Clinically, small-vessel brain disease manifests as infantile hemiparesis, seizures, 
single or recurrent hemorrhagic stroke, ischemic stroke, and isolated migraine with aura. Porencephaly (fluid-
filled cavities in the brain detected by CT or MRI) is typically manifest as infantile hemiparesis, seizures, and 
intellectual disability; however, on occasion it can be an incidental finding. HANAC (hereditary angiopathy with 
nephropathy, aneurysms, and muscle cramps) syndrome usually associates asymptomatic small-vessel brain 
disease, cerebral large vessel involvement (i.e., aneurysms), and systemic findings involving the kidney, muscle, 
and small vessels of the eye. Two additional phenotypes include isolated retinal artery tortuosity and 
nonsyndromic autosomal dominant congenital cataract.

Diagnosis/testing
Diagnosis is based on clinical findings and molecular genetic testing of COL4A1.

Management
Treatment of manifestations: Supportive care tailored to the individual’s specific medical needs and including 
practical help and emotional support for affected individuals and their families. Hypertension should be treated 
to reduce the overall risk of stroke.

Prevention of primary and secondary complications: Avoiding head trauma and anticoagulant exposure may 
decrease the risk for intracerebral hemorrhage.
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Surveillance: Depends on the severity and type of symptoms.

Agents/circumstances to avoid: Smoking and hypertension because these factors increase the risk for stroke; 
sustained head pressure or physical activities that may cause head trauma; anticoagulant use.

Genetic counseling
COL4A1-related disorders are inherited in an autosomal dominant manner. Most individuals diagnosed with a 
COL4A1-related disorder have an affected parent. The proportion of cases caused by a de novo pathogenic 
variant is estimated to be at least 27%. Each child of an individual with a COL4A1-related disorder has a 50% 
chance of inheriting the pathogenic variant. Prenatal testing for a pregnancy at increased risk is possible if the 
pathogenic variant in the family is known.

GeneReview Scope
COL4A1-Related Disorders: Included Phenotypes 1

• Autosomal dominant familial porencephaly
• Autosomal dominant brain small-vessel disease with hemorrhage
• Hereditary angiopathy with nephropathy, aneurysms, and muscle cramps (HANAC) syndrome
• Tortuosity of retinal arteries
• Nonsyndromic autosomal dominant congenital cataract

1. For other genetic causes of these phenotypes see Differential Diagnosis.

Diagnosis
COL4A1-related disorders cover a spectrum of overlapping phenotypes characterized by a small-vessel brain 
disease of varying severity including porencephaly, variably associated with eye defects (congenital cataract, 
retinal arterial tortuosity, eye anterior segment anomaly of Axenfeld-Rieger type) and systemic findings (muscle 
cramps and/or serum creatine kinase (CK) elevation, kidney involvement, cerebral aneurysms, Raynaud 
phenomenon, cardiac arrhythmia, and hemolytic anemia).

Suggestive Findings
A COL4A1-related disorder should be suspected in individuals with any of the following phenotypes, which 
have overlapping features:

• Porencephaly type 1 [Gould et al 2005, Breedveld et al 2006, van der Knaap et al 2006, Yoneda et al 2013, 
Meuwissen et al 2015]

• Brain small-vessel disease with or without ocular anomalies [Gould et al 2006, Sibon et al 2007, Vahedi et 
al 2007, Coupry et al 2010, Shah et al 2012, Rødahl et al 2013, Meuwissen et al 2015]

• HANAC (hereditary angiopathy with nephropathy, aneurysms, and muscle cramps) syndrome [Plaisier et 
al 2007, Plaisier et al 2010]

• Tortuosity of retinal arteries [Zenteno et al 2014]
• Nonsyndromic autosomal dominant congenital cataract [Xia et al 2014]

Clinical features of COL4A1-related disorders vary widely and can include the following:

• Neurologic
⚬ Infantile hemiplegia
⚬ Developmental delay
⚬ Migraines with or without aura
⚬ Seizures
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⚬ Dementia
⚬ Intellectual disability
⚬ Intracerebral hemorrhage at any age including antenatal, neonatal, and recurrent episodes
⚬ Ischemic stroke
⚬ Typically on neuroimaging: features of brain small-vessel disease (Figure 1)

• Ophthalmic
⚬ Transient visual loss caused by retinal hemorrhage
⚬ Cataract, glaucoma, microphthalmia/anophthalmia

• Other systemic findings
⚬ Hematuria
⚬ Raynaud phenomenon
⚬ Supraventricular arrhythmia
⚬ Muscle cramps

Family history is consistent with autosomal dominant inheritance. Findings and age of onset vary within and 
between families.

Establishing the Diagnosis
The diagnosis of a COL4A1-related disorder is established in a proband with suggestive findings and a 
heterozygous pathogenic variant in COL4A1 identified by molecular testing (see Table 1).

Molecular testing approaches can include single-gene testing, use of a multigene panel, and more 
comprehensive genomic testing:

• Single-gene testing. Sequence analysis of COL4A1 is performed first followed by gene-targeted deletion/
duplication analysis if no pathogenic variant is found. To date, no deletions or duplications involving 
COL4A1 as causative of COL4A1-related disorders have been reported. Because these disorders usually 
result from a COL4A1 pathogenic missense variant that disrupts the collagen triple helix (see Molecular 
Genetics), a screening test for large duplications/deletions may have a very low yield.

• A multigene panel that includes COL4A1 and other genes of interest (see Differential Diagnosis) may also 
be considered. Note: (1) The genes included in the panel and the diagnostic sensitivity of the testing used 
for each gene vary by laboratory and are likely to change over time. (2) Some multigene panels may 
include genes not associated with the condition discussed in this GeneReview; thus, clinicians need to 
determine which multigene panel is most likely to identify the genetic cause of the condition while 
limiting identification of variants of uncertain significance and pathogenic variants in genes that do not 
explain the underlying phenotype. (3) In some laboratories, panel options may include a custom 
laboratory-designed panel and/or custom phenotype-focused exome analysis that includes genes specified 
by the clinician. (4) Methods used in a panel may include sequence analysis, deletion/duplication analysis, 
and/or other non-sequencing-based tests.
For an introduction to multigene panels click here. More detailed information for clinicians ordering 
genetic tests can be found here.

• More comprehensive genomic testing (when available) including exome sequencing and genome 
sequencing may be considered if single-gene testing (and/or use of a multigene panel that includes 
COL4A1) fails to confirm a diagnosis in an individual with features of a COL4A1-related disorder. Such 
testing may provide or suggest a diagnosis not previously considered (e.g., mutation of a different gene or 
genes that results in a similar clinical presentation). For an introduction to comprehensive genomic testing 
click here. More detailed information for clinicians ordering genomic testing can be found here.
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Table 1. Molecular Genetic Testing Used in COL4A1-Related Disorders

Gene 1 Method Proportion of Probands with a Pathogenic 
Variant 2 Detectable by Method

COL4A1
Sequence analysis 3 100%

Deletion/duplication analysis 4 Unknown 5

1. See Table A. Genes and Databases for chromosome locus and protein.
2. See Molecular Genetics for information on allelic variants detected in this gene.
3. Sequence analysis detects variants that are benign, likely benign, of uncertain significance, likely pathogenic, or pathogenic. Variants 
may include small intragenic deletions/insertions and missense, nonsense, and splice site variants; typically, exon or whole-gene 
deletions/duplications are not detected. For issues to consider in interpretation of sequence analysis results, click here.
4. Gene-targeted deletion/duplication analysis detects intragenic deletions or duplications. Methods used may include a range pf 
techniques such as quantitative PCR, long-range PCR, multiplex ligation-dependent probe amplification (MLPA), and a gene-targeted 
microarray designed to detect single-exon deletions or duplications.
5. No data on detection rate of gene-targeted deletion/duplication analysis are available.

Clinical Characteristics

Clinical Description
COL4A1-related disorders cover a spectrum of overlapping phenotypes characterized by a small-vessel brain 
disease of varying severity including porencephaly, variably associated with eye defects (congenital cataract, 
retinal arterial tortuosity, eye anterior segment anomaly of Axenfeld-Rieger type) and systemic findings (muscle 
cramps and/or serum CK elevation, kidney involvement, cerebral aneurysms, Raynaud phenomenon, cardiac 
arrhythmia, hemolytic anemia).

Figure 1. Spectrum of brain imaging abnormalities in COL4A1-related disorders
A. Axial FLAIR showing right paraventricular porencephalic cyst and extensive white-matter abnormalities [van der Knaap et al 2006]
B. Axial FLAIR showing diffuse periventricular leukoencephalopathy and dilated perivascular space in the basal ganglia [Vahedi et al 
2007]
C. Deep intracerebral hemorrhage [Vahedi et al 2007]
D. Angio CT scan in a patient with HANAC syndrome showing two aneurysms located in the intracranial portion of the right carotid 
artery [Plaisier et al 2007]
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Autosomal Dominant Familial Porencephaly
Autosomal dominant familial porencephaly related to COL4A1 pathogenic variants has been reported in more 
than 50 individuals [Gould et al 2005, Breedveld et al 2006, van der Knaap et al 2006, Yoneda et al 2013, 
Meuwissen et al 2015]. This condition is characterized by the presence of fluid-filled cavities in the brain, caused 
by antenatal or perinatal parenchymal hemorrhage and detected by either brain CT, MRI (Figure 1A), or fetal 
ultrasound imaging. In addition to porencephalic cavities, brain imaging shows various degrees of 
periventricular leukoencephalopathy, microbleeds, lacunar infarct, and calcifications [Vahedi et al 2007, 
Livingston et al 2011, Ayrignac et al 2015, Meuwissen et al 2015].

The spectrum of neurologic clinical symptoms varies in degree of severity and age of onset, with wide 
intrafamilial heterogeneity. Typically, affected individuals may present with infantile hemiparesis, seizures, 
intellectual disability, dystonia, stroke, and migraine. First manifestations (including intracerebral hemorrhages) 
may occur in previously asymptomatic adults, and MRI brain anomalies can be clinically silent.

Congenital cataract is frequently observed in affected individuals. Retinal arteriolar tortuosity is more rarely 
associated with porencephaly [van der Knaap et al 2006].

Autosomal Dominant Brain Small-Vessel Disease with Hemorrhage
Autosomal dominant brain small-vessel disease with hemorrhage differs from autosomal dominant familial 
porencephaly by the absence of porencephalic cavities, while brain imaging demonstrates characteristic brain 
small-vessel involvement, including diffuse periventricular leukoencephalopathy (Figure 1B), lacunar infarcts, 
microbleeds, dilated perivascular spaces, deep intracerebral hemorrhages, and intracerebral calcifications 
(Figure 1C) [Vahedi et al 2007, Yoneda et al 2013, Meuwissen et al 2015].

Neurologic manifestations are also heterogeneous within families, and vary from infantile hemiparesis with 
seizure to isolated migraine with aura to absence of clinical symptoms. Single or recurrent intracerebral 
hemorrhage may occur in non-hypertensive adults who are younger than age 50 years. Such hemorrhages can 
occur spontaneously, after trauma, or as a result of anticoagulant use; some are fatal. Antenatal intracerebral and 
intraventricular hemorrhage may be observed using fetal ultrasound examination. Mild cognitive impairment 
has also been reported in one family [Sibon et al 2007]; however, it is unclear whether this is a separate finding 
or a manifestation of recurrent stroke.

Concomitant eye anomalies including retinal arteriolar tortuosity, congenital cataract, and/or anterior segment 
anomalies of the Axenfeld-Rieger type may be observed [Sibon et al 2007, Coupry et al 2010].

More rarely, systemic symptoms including serum CK elevation with or without muscle cramps [Yoneda et al 
2013, Meuwissen et al 2015] and renal involvement including hematuria, unilateral renal atrophy [John et al 
2015], renal cysts, and hemolytic anemia [Meuwissen et al 2015] are observed.

HANAC Syndrome
HANAC (hereditary angiopathy with nephropathy, aneurysms, and muscle cramps) syndrome has been well 
characterized in six families [Plaisier et al 2007, Plaisier et al 2010].

The small-vessel brain disease of HANAC is usually clinically asymptomatic [Alamowitch et al 2009]. By 
contrast, the systemic symptoms usually observed in HANAC – including muscle cramps, renal involvement, 
retinal arterial tortuosity, and Raynaud phenomenon – are rarely reported in COL4A1-related porencephaly or 
small-vessel brain disease [Gould et al 2006, Meuwissen et al 2015].

Brain involvement
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• Half of affected individuals have: cerebral small-vessel disease characterized by leukoencephalopathy 
affecting subcortical, periventricular, or pontine regions; dilated perivascular spaces; lacunar infarcts; and 
microbleeds. None have porencephaly. Only two of the 14 affected individuals have clinical 
cerebrovascular symptoms: a minor ischemic stroke and a mild post-traumatic intracerebral hemorrhage 
while on anticoagulants [Alamowitch et al 2009].

• Single or multiple intracranial aneurysms, all located on the carotid siphon, have been observed in six 
individuals, with no rupture episode (Figure 1D).

Renal manifestations

• One family presented with isolated microscopic hematuria (i.e., without proteinuria or hypertension) and 
intermittent episodes of gross hematuria. Kidney biopsy was normal by light microscopy, but 
ultrastructural examination disclosed irregular and abnormal thickening of the basement membranes of 
the tubules, Bowman’s capsule, and interstitial capillaries. Small renal cysts were variably observed.

• Three families had renal findings of bilateral cortical and medullary renal cysts without hematuria. Cysts 
were large, but the overall kidney size was normal (Figure 2). Mild renal failure without proteinuria or 
hypertension may develop in individuals after age 50 years.

Muscle cramps involving a variety of muscles usually occur in affected individuals, with first episodes occurring 
before age three years. Muscle strength was slightly affected in only two individuals. Electromyography does not 
show a specific abnormality, and muscle biopsy, available in one person only, is normal. All affected individuals 
have persistent elevation of serum CK concentration.

Bilateral retinal arteriolar tortuosity is observed in all individuals with HANAC syndrome (see Ocular 
manifestations below).

Other manifestations. Raynaud phenomenon, supraventricular arrhythmia, and liver cyst are variably reported.

Additional Findings in COL4A1-Related Disorders
Ocular manifestations are variably observed in COL4A1-related disorders. Three distinct ocular features have 
been reported:

• Bilateral retinal arterial tortuosity is variably present in individuals with small-vessel brain disease with 
hemorrhage [Gould et al 2006] or with porencephaly [van der Knaap et al 2006], whereas all individuals 
with HANAC syndrome exhibited this finding [Plaisier et al 2007]. Additionally, one COL4A1 pathogenic 
variant has been characterized in individuals with familial retinal arteriolar tortuosity without cerebral or 
systemic symptoms [Zenteno et al 2014]. Fundus examination shows marked tortuosity of second- and 
third-order retinal arteries, with normal first-order arteries and retinal veins (Figure 3). No leakage or 
staining is observed on fluorescein angiography. Affected individuals experience episodic transient visual 
loss as a result of retinal hemorrhage occurring spontaneously or after minor stress or trauma. Visual 
prognosis has been excellent, without retinal sequelae.

• Congenital cataract is reported either as an isolated ocular feature [van der Knaap et al 2006, Shah et al 
2010] or associated with other eye anterior segment abnormalities of Axenfeld-Rieger type in families with 
small-vessel brain disease and porencephaly [Sibon et al 2007, Coupry et al 2010, Rødahl et al 2013, 
Yoneda et al 2013, Meuwissen et al 2015]. Nonsyndromic congenital cataract has also been associated with 
a COL4A1 pathogenic variant in a large family [Xia et al 2014].

• Anterior segment anomaly of Axenfeld-Rieger type comprises a spectrum of ocular findings affecting 
the anterior chamber including congenital iris abnormalities, posterior embryotoxon, microcornea, 
increased intraocular pressure, and glaucoma. It has been described in families presenting with small-
vessel brain disease and porencephaly [Sibon et al 2007, Meuwissen et al 2015].

Renal manifestations
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• Bilateral renal cysts are very frequently observed in individuals with HANAC, and more rarely in affected 
individuals with small-vessel brain disease. In one family, renal cysts represent the main clinical 
manifestation, together with hematuria and glomerular filtration rate decrease [Gale et al 2016].

• Hematuria has been reported in individuals with porencephaly, small-vessel brain disease, and HANAC 
[Meuwissen et al 2015].

• Unilateral renal atrophy has been reported in two individuals [John et al 2015].
• Glomerular filtration rate decrease (usually affecting individuals age >40 years) has been observed in 

individuals with HANAC, as well as in affected individuals from one family presenting with renal cysts 
and hematuria without brain or extracerebral involvement [John et al 2015, Gale et al 2016].

Muscle manifestations. Serum CK elevation and painful muscle cramps, seen in all individuals with HANAC 
syndrome [Plaisier et al 2010], are only variably present in other affected individuals [Meuwissen et al 2015]. 
Muscle biopsy was performed in one affected individual with myopathic defects [Yoneda et al 2013].

Cardiac manifestations. Mitral valve prolapse and supraventricular arrythmia have been characterized in four 
patients [Plaisier et al 2010, Meuwissen et al 2015].

Ultrastructural basement membrane abnormalities have been demonstrated in skin vessels, at the dermo-
epidermal junction, and in kidney.

• In individuals with HANAC syndrome with hematuria, ultrastructural examination disclosed irregular 
and abnormal thickening of the basement membranes of the tubules, Bowman’s capsule, and interstitial 
capillaries [Plaisier et al 2007]. In the skin, similar alterations including duplication of the basement 
membrane are seen at the dermo-epidermal junction and in dermal arterioles; vascular smooth muscle 
cells are dissociated due to abnormal spreading of basement membrane [Plaisier et al 2010].

• In one individual with autosomal dominant porencephaly, focal disruption and a major increase in 
thickness of the basement membrane of skin capillaries were found [van der Knaap et al 2006].

Genotype-Phenotype Correlations
The number of COL4A1 pathogenic variants is too small to explore genotype-phenotype relationships.

Figure 2. Abdominal MRI showing bilateral renal cysts in a patient with HANAC syndrome [Plaisier et al 2007]
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However, all six COL4A1 pathogenic variants associated with hereditary angiopathy, nephropathy, aneurysms, 
and muscle cramps (i.e., HANAC syndrome) are localized in exons 24 and 25 [Plaisier et al 2007, Plaisier et al 
2010]. They affect glycine residues localized in a short 30-amino acid region of the protein, whereas all but one 
pathogenic variant responsible for more severe brain disease, including porencephaly and small-vessel brain 
disease, are mostly distributed through exons 25 to 51 [Meuwissen et al 2015].

Penetrance
Penetrance of COL4A1-related disorders is probably close to 100%, with expression varying in age of onset and 
severity of the clinical symptoms, even in the same family; however, these data need verification in larger cohort 
studies.

Prevalence
Prevalence of COL4A1-related disorders cannot be established as fewer than 100 families have been described.

No data on the prevalence of COL4A1 pathogenic variants in persons with microscopic hematuria or renal cysts 
are available.

Figure 3. Fluorescein angiography showing typical retinal arteriolar tortuosity (arrows) in a patient with HANAC syndrome [Plaisier et 
al 2007]
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To date pathogenic variants have been reported in individuals of Dutch, Italian, French, German, American, 
Chinese, Spanish, and Japanese origin.

Genetically Related (Allelic) Disorders
No phenotypes other than those discussed in this GeneReview are known to be associated with mutation of 
COL4A1.

Differential Diagnosis
COL4A2-related porencephaly and intracerebral hemorrhages. Seven heterozygous COL4A2 pathogenic 
variants have been characterized in individuals with either porencephaly (porencephaly type 2; OMIM 614483) 
or intracerebral hemorrhage (OMIM 614519). Neurologic presentation of individuals with porencephaly type 2 
was similar to that observed in COL4A1-related porencephaly [Yoneda et al 2012, Meuwissen et al 2015]. Four 
patients presented with adult-onset intracerebral hemorrhage [Jeanne et al 2012]. Variably present extracerebral 
symptoms included cerebellar and optic atrophy, cataracts, intracranial aneurysms, nephropathy, and myopathy 
[Verbeek et al 2012, Gunda et al 2014].

CADASIL (cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy) is 
characterized by a history of migraine headaches with aura (30%-40% of individuals), mid-adult (30s-60s) onset 
of cerebrovascular disease, mood disturbance, apathy, cognitive disturbance progressing to dementia, and diffuse 
white-matter lesions and subcortical infarcts on neuroimaging. The pathologic hallmark of CADASIL is 
electron-dense granules in the media of arterioles that can often be identified by electron microscopic evaluation 
of skin biopsies. Mutation of NOTCH3 causes CADASIL [Joutel et al 1996]. Inheritance is autosomal dominant.

Autosomal dominant retinal vasculopathy with cerebral leukodystrophy (RVCL) (OMIM 192315) is a 
microvascular endotheliopathy, which variably associates a retinal vasculopathy, migraine, Raynaud 
phenomenon, stroke, and dementia with onset in middle age [Ophoff et al 2001].

Hereditary endotheliopathy with retinopathy, nephropathy, and stroke (HERNS), a distinctive subtype of RVCL, 
is characterized by brain disease, kidney disease (hematuria and proteinuria), and Raynaud phenomenon. 
Ultrastructural alterations affecting the glomerular basement membrane and the basement membrane of 
capillaries in the brain and other tissues have been observed in HERNS [Jen et al 1997].

C terminus pathogenic variants in TREX1 cause RVCL [Richards et al 2007]. Inheritance is autosomal dominant.

Porencephalic cysts may occur after antenatal or neonatal parenchymal hemorrhagic infarction in the context 
of neonatal alloimmune thrombocytopenia; a coagulopathy like von Willebrand disease, factor V deficiency 
(OMIM 227400), or factor X deficiency (OMIM 227600); maternal warfarin use; or thrombophilia (most often 
heterozygosity for factor V Leiden mutation) (see Factor V Leiden Thrombophilia).

CARASIL (cerebral autosomal recessive arteriopathy with subcortical infarcts and leucoencephalopathy; 
Maeda-syndrome) is characterized by early-onset changes in the deep white matter of the brain observed on 
MRI and associated neurologic findings. The most frequent initial symptom is gait disturbance from spasticity 
beginning between ages 20 and 30 years; 23% of affected individuals have stroke-like episodes before age 40 
years. Mood changes (apathy and irritability), pseudobulbar palsy, and cognitive dysfunction begin between ages 
20 and 50 years. The disease progresses slowly over the five to 20 years following the onset of neurologic 
symptoms. This rare disease is caused by pathogenic variants in HTRA1; inheritance is autosomal recessive. 
CARASIL has been reported mostly in Japanese and Chinese families. See HTRA1 Disorder.

Anophthalmia/microphthalmia (A/M). Microphthalmia refers to a globe with a total axial length that is at least 
two standard deviations below the mean for age. Anophthalmia refers to complete absence of the globe in the 
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presence of ocular adnexa (eyelids, conjunctiva, and lacrimal apparatus). A/M is a genetically heterogenous 
disorder that has been associated with pathogenic variants in more than 70 genes. SOX2, OTX2, and FOXE3 are 
among the genes most commonly associated with A/M [Chassaing et al 2014].

Management

Evaluations Following Initial Diagnosis
To establish the extent of disease and needs in an individual diagnosed with COL4A1-related disorders, the 
following are recommended:

• Brain MRI including T1-weighted saggital, T2-weighted axial, and FLAIR axial images
• Brain angiographic CT scan
• Ophthalmologic examination including fundoscopic examination and slit-lamp examination
• Kidney and liver ultrasound examination or CT
• Measurement of serum CK concentration
• Measurement of serum creatinine concentration and estimation of the glomerular filtration rate
• Evaluation for the presence of hematuria
• Electrocardiogram (EKG); echocardiography and ambulatory EKG monitoring in individuals presenting 

with palpitations
• Consultation with a clinical geneticist and/or genetic counselor

Treatment of Manifestations
Hypertensive individuals must be treated to reduce the global risk of stroke.

Supportive care including practical help, emotional support, and counseling are appropriate for affected 
individuals and their families.

No specific support exists for individuals with COL4A1-related disorders.

• Seizures are managed using standard protocols.
• Cataract surgery may be required for individuals with severe lens opacities.
• Glaucoma is initially treated with topical anti-glaucoma medication. Surgery is reserved for eyes that do 

not respond to medical therapy.
• Symptomatic paroxysmal supraventricular arrhythmia should be treated with antiarrhythmic drugs (beta 

blockers).
• Surgical or endovascular treatment should be discussed for asymptomatic intracranial aneurysms >10.0 

mm in diameter.

Prevention of Primary Manifestations
Avoidance of anticoagulant exposure and activities that involve an increased risk for head trauma may decrease 
the risk for intracerebral hemorrhage.

Prevention of Secondary Complications
See Prevention of Primary Manifestations.

Surveillance
The interval at which individuals with COL4A1-related disorders should be seen for follow up depends on the 
severity and type of symptoms.
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Annual clinical evaluation is reasonable.

Regular brain imaging can be proposed, especially to evaluate the size of asymptomatic cerebral aneurysms.

Agents/Circumstances to Avoid
The following should be avoided:

• Smoking because it increases the global risk of stroke
• Hypertension because it increases the risk of stroke
• Sustained head pressure during birth or postnatal physical activities that may cause head trauma [Gould 

et al 2006]
• Anticoagulant use [Gould et al 2006]

Evaluation of Relatives at Risk
See Genetic Counseling for issues related to testing of at-risk relatives for genetic counseling purposes.

Pregnancy Management
Cesarean delivery for pregnancies in which the fetus is at risk for a COL4A1-related disorder is recommended to 
prevent brain vascular injury attributable to birth trauma in newborns [Gould et al 2006].

Therapies Under Investigation
Search ClinicalTrials.gov in the US and EU Clinical Trials Register in Europe for access to information on 
clinical studies for a wide range of diseases and conditions. Note: There may not be clinical trials for this 
disorder.

Genetic Counseling
Genetic counseling is the process of providing individuals and families with information on the nature, mode(s) of 
inheritance, and implications of genetic disorders to help them make informed medical and personal decisions. The 
following section deals with genetic risk assessment and the use of family history and genetic testing to clarify genetic 
status for family members; it is not meant to address all personal, cultural, or ethical issues that may arise or to 
substitute for consultation with a genetics professional. —ED.

Mode of Inheritance
COL4A1-related disorders are inherited in an autosomal dominant manner.

Risk to Family Members
Parents of a proband

• At least 50% of individuals diagnosed with a COL4A1-related disorder have an affected parent [Meuwissen 
et al 2015].

• A proband with a COL4A1-related disorder may have the disorder as the result of a de novo pathogenic 
variant. The proportion of cases caused by de novo pathogenic variants is estimated to be at least 27% 
[Meuwissen et al 2015].

• Recommendations for the evaluation of parents of a proband with an apparent de novo pathogenic variant 
include molecular genetic testing for the pathogenic variant identified in the proband, medical record 
review, brain imaging by MRI, and ophthalmologic evaluation.
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• If the COL4A1 pathogenic variant found in the proband cannot be detected in leukocyte DNA of either 
parent, possible explanations include a de novo pathogenic variant in the proband or germline mosaicism 
in a parent. Though theoretically possible, no instances of germline mosaicism have been reported.

• The family history of some individuals diagnosed with a COL4A1-related disorder may appear to be 
negative because of failure to recognize the disorder in family members, early death of the parent before 
the onset of symptoms, or late onset of the disease in the affected parent. Therefore, an apparently negative 
family history cannot be confirmed unless appropriate evaluations and molecular genetic testing have 
been performed on the parents of the proband.

Sibs of a proband

• The risk to the sibs of the proband depends on the genetic status of the proband’s parents: if a parent of the 
proband is affected, the risk to the sibs is 50%.

• Although penetrance of COL4A1-related disorders is probably close to 100%, age of onset and severity of 
the clinical symptoms vary, even in the same family.

• The sibs of a proband with clinically unaffected parents are still at increased risk (for the disorder) because 
of the possibility of reduced penetrance in a parent.

• If the COL4A1 pathogenic variant found in the proband cannot be detected in the leukocyte DNA of 
either parent, the empiric recurrence risk to sibs is approximately 1% because of the theoretic possibility of 
parental germline mosaicism.

Offspring of a proband. Each child of an individual with a COL4A1-related disorder has a 50% chance of 
inheriting the COL4A1 pathogenic variant.

Other family members. The risk to other family members depends on the status of the proband's parents: if a 
parent has the COL4A1 pathogenic variant, other members of the parent's family may be at risk.

Related Genetic Counseling Issues
Considerations in families with an apparent de novo pathogenic variant. When neither parent of a proband 
with an autosomal dominant condition has the pathogenic variant identified in the proband or clinical evidence 
of the disorder, the pathogenic variant is likely de novo. However, non-medical explanations including alternate 
paternity or maternity (e.g., with assisted reproduction) and undisclosed adoption could also be explored.

Family planning

• The optimal time for determination of genetic risk and discussion of the availability of prenatal/
preimplantation genetic testing is before pregnancy.

• It is appropriate to offer genetic counseling (including discussion of potential risks to offspring and 
reproductive options) to young adults who are affected or at risk.

Prenatal Testing and Preimplantation Genetic Testing
Once the COL4A1 pathogenic variant has been identified in an affected family member, prenatal testing for a 
pregnancy at increased risk and preimplantation genetic testing for a COL4A1-related disorder are possible.

Differences in perspective may exist among medical professionals and within families regarding the use of 
prenatal testing. While most centers would consider use of prenatal testing to be a personal decision, discussion 
of these issues may be helpful.
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Resources
GeneReviews staff has selected the following disease-specific and/or umbrella support organizations and/or registries 
for the benefit of individuals with this disorder and their families. GeneReviews is not responsible for the 
information provided by other organizations. For information on selection criteria, click here.

• National Institute of Neurological Disorders and Stroke (NINDS)
Phone: 800-352-9424
Porencephaly Information Page

• CDC - Developmental Disabilities
Phone: 800-CDC-INFO
Email: cdcinfo@cdc.gov
Intellectual Disability

• Epilepsy Foundation
Phone: 800-332-1000; 301-459-3700
Email: ContactUs@efa.org
www.epilepsy.com

• Filière Orphan Kidney Diseases
CHRU de Montpellier - Hôpital Arnaud de Villeneuve
371, Avenue du Doyen Gaston Giraud
France
Phone: 33 4 67 33 55 99
Email: contact@filiereorkid.com
www.filiereorkid.com

• Kidney Foundation
Canada
Phone: 514-369-4806; 800-361-7494
Email: info@kidney.ca
www.kidney.ca

• National Eye Institute
Phone: 301-496-5248
Email: 2020@nei.nih.gov
www.nei.nih.gov

• National Kidney Foundation
Phone: 855-NKF-CARES; 855-653-2273
Email: nkfcares@kidney.org
www.kidney.org

Molecular Genetics
Information in the Molecular Genetics and OMIM tables may differ from that elsewhere in the GeneReview: tables 
may contain more recent information. —ED.

Table A. COL4A1-Related Disorders: Genes and Databases

Gene Chromosome Locus Protein Locus-Specific 
Databases

HGMD ClinVar
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https://www.ncbi.nlm.nih.gov/books/n/gene/app4/
https://www.ninds.nih.gov/Disorders/All-Disorders/Porencephaly-Information-Page
https://www.cdc.gov/ncbddd/developmentaldisabilities/facts-about-intellectual-disability.html
https://www.epilepsy.com/
http://www.filiereorkid.com
https://kidney.ca/
https://nei.nih.gov/
http://www.kidney.org


Table A. continued from previous page.

COL4A1 13q34 Collagen alpha-1(IV) 
chain

COL4A1 @ LOVD COL4A1 COL4A1

Data are compiled from the following standard references: gene from HGNC; chromosome locus from OMIM; protein from UniProt. 
For a description of databases (Locus Specific, HGMD, ClinVar) to which links are provided, click here.

Table B. OMIM Entries for COL4A1-Related Disorders (View All in OMIM)

120130 COLLAGEN, TYPE IV, ALPHA-1; COL4A1

175780 BRAIN SMALL VESSEL DISEASE 1 WITH OR WITHOUT OCULAR ANOMALIES; BSVD1

611773 ANGIOPATHY, HEREDITARY, WITH NEPHROPATHY, ANEURYSMS, AND MUSCLE CRAMPS; HANAC

Gene structure. COL4A1 consists of 52 exons spanning roughly 158 kb. For a detailed summary of gene and 
protein information, see Table A, Gene.

Pathogenic variants. Most of the sequence alterations in COL4A1 are missense variants (leading to the 
substitution of a glycine residue in the collagenous domain of the protein) located between exons 24 and 49. One 
pathogenic variant affects the start codon. One small duplication is located within the non-collagenous domain 
(NC-1) located at the C-terminal end of the protein.

Table 2. Selected COL4A1 Pathogenic Variants

DNA Nucleotide Change Predicted Protein Change Reference Sequences

c.1A>T p.Met1Leu

NM_001845.4 
NP_001836.2

c.1493G>T p.Gly498Val

c.1528G>A p.Gly510Arg

c.1555G>A p.Gly519Arg

c.1583G>A p.Gly528Glu

c.1769G>A p.Gly562Glu

c.2122G>A p.Gly708Arg

c.2159G>A p.Gly720Asp

c.2245G>A p.Gly749Ser

c.2317G>A p.Gly773

c.2345G>C p.Gly782Ala

c.2413G>A p.Gly805Arg

c.3389G>A p.Gly1130Asp

c.3706G>A p.Gly1236Arg

c.3976G>A p.Gly1326Arg

c.4267G>C p.Gly1423Arg

c.4582-4586dupCCCAT p.Met1529IlefsTer15

c.4611_4612insG p.Thr1537fs
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https://www.ncbi.nlm.nih.gov/gene/1282
https://www.ncbi.nlm.nih.gov/genome/gdv/?context=gene&acc=1282
http://www.uniprot.org/uniprot/P02462
http://www.uniprot.org/uniprot/P02462
http://databases.lovd.nl/shared/genes/COL4A1
http://www.hgmd.cf.ac.uk/ac/gene.php?gene=COL4A1
https://www.ncbi.nlm.nih.gov/clinvar/?term=COL4A1[gene]
http://www.genenames.org/index.html
http://www.omim.org/
http://www.uniprot.org/
https://www.ncbi.nlm.nih.gov/books/n/gene/app1/
https://www.ncbi.nlm.nih.gov/omim/120130,175780,611773
https://www.ncbi.nlm.nih.gov/omim/120130
https://www.ncbi.nlm.nih.gov/omim/175780
https://www.ncbi.nlm.nih.gov/omim/611773
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_001845.4
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NP_001836.2


Table 2. continued from previous page.

DNA Nucleotide Change Predicted Protein Change Reference Sequences

c.4738G>C p.Gly1580Arg

Variants listed in the table have been provided by the authors. GeneReviews staff have not independently verified the classification of 
variants.
GeneReviews follows the standard naming conventions of the Human Genome Variation Society (varnomen.hgvs.org). See Quick 
Reference for an explanation of nomenclature.

Normal gene product. COL4A1 encodes the alpha 1 chain of type IV collagen. Type IV collagen is the main 
component of basement membranes. The six different type IV collagen alpha chains described all consist of a 
small amino-terminal 7S domain, a large collagenous domain containing the classic Gly-X-Y repeat, and a 
carboxy-terminal non-collagenous NC1 domain. Specific interactions between NC1 domains initiate the 
formation of only three different trimers: α1α1α2, α3α4α5, and α5α5α6. Glycine residues play an important role 
for the stabilization of collagenous triple helical domain. Isoforms of type IV collagen display a tissue- and 
developmental-specific distribution that explains the heterogeneity of basement membrane composition. The 
α1α1α2 (IV) trimer is widely expressed, whereas the α3α4α5 (IV) and α5α5α6 (IV) trimers display a more tissue-
restricted expression.

Abnormal gene product. Most of the pathogenic variants reported in COL4A1-related disorders affect highly 
conserved glycine residues within the collagenous domain of the protein. These amino-acid changes are 
predicted to result in detrimental effect on collagen α1α1α2 (IV) triple helix formation and stability. Six 
pathogenic variants are localized in the non-collagenous (NC1) domain that contains recognition sequences 
involved in the collagen α1α1α2 (IV) triple helix assembly. One pathogenic variant (p.Met1Leu) affects the start 
codon, resulting in an unknown effect on protein synthesis (see Table 2). Two pathogenic variants affect splice 
sites, leading to exon deletions as demonstrated by cDNA analysis.

Chapter Notes
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