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Heterotaxy syndrome
Heterotaxy syndrome is a condition in which the internal organs are abnormally
arranged in the chest and abdomen. The term "heterotaxy" is from the Greek words
"heteros," meaning "other than," and "taxis," meaning "arrangement." Individuals
with this condition have complex birth defects affecting the heart, lungs, liver, spleen,
intestines, and other organs.
In the normal body, most of the organs in the chest and abdomen have a particular
location on the right or left side. For example, the heart, spleen, and pancreas are on
the left side of the body, and most of the liver is on the right. This normal arrangement
of the organs is known as "situs solitus." Rarely, the orientation of the internal organs
is completely flipped from right to left, a situation known as "situs inversus." This
mirror-image orientation usually does not cause any health problems, unless it occurs
as part of a syndrome affecting other parts of the body. Heterotaxy syndrome is an
arrangement of internal organs somewhere between situs solitus and situs inversus;
this condition is also known as "situs ambiguus." Unlike situs inversus, the abnormal
arrangement of organs in heterotaxy syndrome often causes serious health problems.
Heterotaxy syndrome can alter the structure of the heart, including the attachment of
the large blood vessels that carry blood to and from the rest of the body. It can also
affect the structure of the lungs, such as the number of lobes in each lung and the
length of the tubes (called bronchi) that lead from the windpipe to the lungs. In the
abdomen, the condition can cause a person to have no spleen (asplenia) or multiple
small, poorly functioning spleens (polysplenia). The liver may lie across the middle
of the body instead of being in its normal position to the right of the stomach. Some
affected individuals also have intestinal malrotation, which is an abnormal twisting of the
intestines that occurs in the early stages of development before birth.
Depending on the organs involved, signs and symptoms of heterotaxy syndrome can
include a bluish appearance of the skin or lips (cyanosis, which is due to a shortage
of oxygen), breathing difficulties, an increased risk of infections, and problems with
digesting food. The most serious complications are generally caused by critical
congenital heart disease, a group of complex heart defects that are present from birth.
Biliary atresia, a problem with the bile ducts in the liver, can also cause severe health
problems in infancy.
The severity of heterotaxy syndrome varies depending on the specific abnormalities
involved. Some affected individuals have only mild health problems related to
the condition. At the other end of the spectrum, heterotaxy syndrome can be lifethreatening in infancy or childhood, even with treatment.

Frequency
The prevalence of heterotaxy syndrome is estimated to be 1 in 10,000 people
worldwide. However, researchers suspect that the condition is underdiagnosed, and
so it may actually be more common than this. Heterotaxy syndrome accounts for
approximately 3 percent of all congenital heart defects. For reasons that are unknown,
the condition appears to be more common in populations in Asia than in North America
and Europe. Recent studies report that in the United States, the condition occurs more
frequently in children born to black or Hispanic mothers than in children born to white
mothers.
Causes
Heterotaxy syndrome can be caused by mutations in many different genes. The
proteins produced from most of these genes play roles in determining which structures
should be on the right side of the body and which should be on the left, a process
known as establishing left-right asymmetry. This process occurs during the earliest
stages of embryonic development. Dozens of genes are probably involved in
establishing left-right asymmetry; mutations in at least 20 of these genes have been
identified in people with heterotaxy syndrome.
In some cases, heterotaxy syndrome is caused by mutations in genes whose
involvement in determining left-right asymmetry is unknown. Rarely, chromosomal
changes such as insertions, deletions, duplications, and other rearrangements of
genetic material have been associated with this condition.
Heterotaxy syndrome can occur by itself, or it can be a feature of other genetic
syndromes that have additional signs and symptoms. For example, at least 12 percent
of people with a condition called primary ciliary dyskinesia have heterotaxy syndrome.
In addition to abnormally positioned internal organs, primary ciliary dyskinesia is
characterized by chronic respiratory tract infections and an inability to have children
(infertility). The signs and symptoms of this condition are caused by abnormal cilia,
which are microscopic, finger-like projections that stick out from the surface of cells. It
appears that cilia play a critical role in establishing left-right asymmetry before birth.
Studies suggest that certain factors affecting a woman during pregnancy may also
contribute to the risk of heterotaxy syndrome in her child. These include diabetes
mellitus; smoking; and exposure to hair dyes, cocaine, and certain laboratory
chemicals.
Some people with heterotaxy syndrome have no identified gene mutations or other risk
factors. In these cases, the cause of the condition is unknown.
Inheritance Pattern
Most often, heterotaxy syndrome is sporadic, meaning that only one person in a family
is affected. However, about 10 percent of people with heterotaxy syndrome have a
close relative (such as a parent or sibling) who has a congenital heart defect without
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other apparent features of heterotaxy syndrome. Isolated congenital heart defects and
heterotaxy syndrome may represent a range of signs and symptoms that can result
from a particular genetic mutation; this situation is known as variable expressivity. It
is also possible that different genetic and environmental factors combine to produce
isolated congenital heart defects in some family members and heterotaxy syndrome in
others.
When heterotaxy syndrome runs in families, it can have an autosomal dominant,
autosomal recessive, or X-linked pattern of inheritance, depending on which gene is
involved. Autosomal dominant inheritance means that one copy of the altered gene in
each cell is sufficient to cause the disorder. Autosomal recessive inheritance means
that both copies of the gene in each cell have mutations. The parents of an individual
with an autosomal recessive condition each carry one copy of the mutated gene, but
they typically do not show signs and symptoms of the condition. In X-linked inheritance,
the mutated gene that causes the disorder is located on the X chromosome, one of the
two sex chromosomes in each cell.
When heterotaxy syndrome occurs as a feature of primary ciliary dyskinesia, it has an
autosomal recessive pattern of inheritance.
Other Names for This Condition
•

heterotaxy

•

HTX

•

Ivemark syndrome

•

left isomerism

•

right isomerism

•

situs ambiguus

•

situs ambiguus viscerum

•

visceral heterotaxy

Diagnosis & Management
Genetic Testing Information
•

What is genetic testing?
/primer/testing/genetictesting

•

Genetic Testing Registry: Atrioventricular septal defect, partial, with heterotaxy
syndrome
https://www.ncbi.nlm.nih.gov/gtr/conditions/C1853509/

•

Genetic Testing Registry: Heterotaxia
https://www.ncbi.nlm.nih.gov/gtr/conditions/C3178805/
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•

Genetic Testing Registry: Heterotaxy, visceral, 2, autosomal
https://www.ncbi.nlm.nih.gov/gtr/conditions/C1415817/

•

Genetic Testing Registry: Heterotaxy, visceral, 3, autosomal
https://www.ncbi.nlm.nih.gov/gtr/conditions/C1853444/

•

Genetic Testing Registry: Heterotaxy, visceral, 4, autosomal
https://www.ncbi.nlm.nih.gov/gtr/conditions/C3151057/

•

Genetic Testing Registry: Heterotaxy, visceral, 6, autosomal
https://www.ncbi.nlm.nih.gov/gtr/conditions/C3553676/

•

Genetic Testing Registry: Heterotaxy, visceral, X-linked
https://www.ncbi.nlm.nih.gov/gtr/conditions/C1844020/

•

Genetic Testing Registry: Visceral heterotaxy 5, autosomal
https://www.ncbi.nlm.nih.gov/gtr/conditions/C3495537/

Research Studies from ClinicalTrials.gov
•

ClinicalTrials.gov
https://clinicaltrials.gov/ct2/results?cond=%22heterotaxy+syndrome%22

Other Diagnosis and Management Resources
•

Boston Children's Hospital: Diagnosis and Treatment
http://www.childrenshospital.org/conditions-and-treatments/conditions/h/heterotaxysyndrome/diagnosis-and-treatment

•

GeneReview: Primary Ciliary Dyskinesia
https://www.ncbi.nlm.nih.gov/books/NBK1122

Additional Information & Resources
Genetic and Rare Diseases Information Center
•

Heterotaxy
https://rarediseases.info.nih.gov/diseases/10875/heterotaxy

Educational Resources
•

Boston Children's Hospital
http://www.childrenshospital.org/conditions-and-treatments/conditions/h/heterotaxysyndrome/symptoms-and-causes

•

Children's Heart Clinic (Minnesota)
http://www.childrensheartclinic.org/downloads/8/2018/10/heterotaxysyndrome.pdf

•

Children's Hospital of Philadelphia
https://www.chop.edu/conditions-diseases/heterotaxy-syndrome-isomerism
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•

Cook Children's Health Care System
https://www.cookchildrens.org/cardiology/conditions/Pages/heterotaxy-heartdefects.aspx

•

MalaCards: heterotaxy
https://www.malacards.org/card/heterotaxy

•

MalaCards: visceral heterotaxy
https://www.malacards.org/card/visceral_heterotaxy

•

Nemours Children's Health System
https://www.nemours.org/services/delaware-valley-pediatric-cardiac-center/
congenital-heart-disease/heterotaxy-syndrome.html

•

Orphanet: Cardiac anomalies-heterotaxy syndrome
https://www.orpha.net/consor/cgi-bin/OC_Exp.php?Lng=EN&Expert=137628

•

Orphanet: Ivemark syndrome
https://www.orpha.net/consor/cgi-bin/OC_Exp.php?Lng=EN&Expert=97548

•

Orphanet: Situs ambiguus
https://www.orpha.net/consor/cgi-bin/OC_Exp.php?Lng=EN&Expert=157769

Patient Support and Advocacy Resources
•

American Heart Association
https://www.heart.org/en/health-topics/congenital-heart-defects

•

Contact a Family (UK)
https://contact.org.uk/medical-information/conditions/i/ivemark-syndrome/

•

Primary Ciliary Dyskinesia Foundation
https://pcdfoundation.org/overview/associated-conditions/

•

Resource List from the University of Kansas Medical Center: Heart/Cardiology
Conditions
http://www.kumc.edu/gec/support/conghart.html

Clinical Information from GeneReviews
•

Primary Ciliary Dyskinesia
https://www.ncbi.nlm.nih.gov/books/NBK1122

Scientific Articles on PubMed
•

PubMed
https://www.ncbi.nlm.nih.gov/pubmed?term=%28Heterotaxy+Syndrome%5BMAJ
R%5D%29+AND+%28heterotaxy%5BTIAB%5D%29+OR+%28situs+ambiguus
%5BTIAB%5D%29+AND+english%5Bla%5D+AND+human%5Bmh%5D+AND+
%22last+1080+days%22%5Bdp%5D
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Catalog of Genes and Diseases from OMIM
•

ATRIOVENTRICULAR SEPTAL DEFECT, SUSCEPTIBILITY TO, 2
http://omim.org/entry/606217

•

HETEROTAXY, VISCERAL, 1, X-LINKED
http://omim.org/entry/306955

•

HETEROTAXY, VISCERAL, 2, AUTOSOMAL
http://omim.org/entry/605376

•

HETEROTAXY, VISCERAL, 3, AUTOSOMAL
http://omim.org/entry/606325

•

HETEROTAXY, VISCERAL, 4, AUTOSOMAL
http://omim.org/entry/613751

•

HETEROTAXY, VISCERAL, 5, AUTOSOMAL
http://omim.org/entry/270100

•

HETEROTAXY, VISCERAL, 6, AUTOSOMAL
http://omim.org/entry/614779

•

RIGHT ATRIAL ISOMERISM
http://omim.org/entry/208530
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