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Abstract

Background: There have been few studies evaluating the frequency of oculo-auriculo-vertebral spectrum (OAVS) in
patients with congenital heart defects (CHDs).
Objective: To verify the frequency of OAVS in a sample of patients with major heart malformations.
Methods: We evaluated a prospective cohort of patients with CHD admitted in a pediatric cardiac intensive care unit
(ICU) in Brazil. The diagnosis of OAVS was made based on the clinical data, considering standard criteria. The patients
that met these criteria were submitted to high resolution GTG-Banding karyotype and fluorescence in situ hybridization
for 22q11.2 microdeletion. Fisher’s exact test (P < 0.05) was used for the statistical analysis.
Results: During the period of evaluation, 330 patients were hospitalized for the first time in the ICU, but thirty of them
did not participate in the study. Of the 300 patients that constituted the final sample, OAVS was verified in 3 cases (1%).
All presented normal cytogenetic studies.
Conclusion: OAVS seems to be a frequent condition among patients with CHDs. However, we cannot exclude the
possibility that the frequency of OAVS found in our study might have been underestimated due to the low rate of prenatal
detection of CHDs and the limited access of patients to appropriate health care in our region. Future prospective studies
with well defined clinical criteria and subjects with mild and major defects will be important to assess the role of OAVS
in the general population of subjects with heart malformations. (Arq Bras Cardiol 2010; 95(4): 436-440)
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Introduction
Congenital heart defects (CHDs) are the most frequent
congenital anomalies at birth and represent an important
public health problem. Its general incidence ranges from 4
to 14 per 1,000 live births. Severe and moderate forms of
CHDs that will require advanced and, commonly, immediate
care account for approximately 3 to 4 per 1,000 live births1,2.
They represent an important cause of admission in pediatric
intensive care units (ICUs)3. Nevertheless, the etiology of CHDs
remains in general poorly understood4,5. An association with
known causes, such as chromosomal abnormalities, gene and
multifactorial conditions, maternal diseases and teratogens is
made in only 10 to 25% of the cases 6,7.
Oculo-auriculo-vertebral spectrum (OAVS) [OMIM
#164210] 8 is a heterogeneous condition clinically
characterized by a non-random association of abnormalities
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that especially involves the face, eyes, ears and spine9-12. Also
known as Goldenhar syndrome and hemifacial microsomia,
it is considered a relatively common defect of blastogenesis13.
Its estimated birth prevalence has been shown to range from
1/5,600 to 1/26,550 newborns14,15. CHDs are a frequent
feature of OAVS. Their prevalence among these patients has
ranged from 5 to 58%11,12,16-22 and this variability seems to
be especially related to the different inclusion criteria used
by the researchers20 and the pathogenetic heterogeneity of
the syndrome12.

Methods
We evaluated the frequency of OAVS in a prospective
cohort of patients with CHD admitted in the pediatric
cardiac ICU of the Hospital da Criança Santo Antônio (HCSA)/
Complexo Hospitalar Santa Casa de Porto Alegre (CHSCPA), RS,
Brazil. The diagnosis of OAVS was made based on the clinical
data (physical examination and results of complementary
exams such as spine radiography), considering the criteria
adopted both by Strömland et al11 (i.e. features in ≥ 2 of
the oro-cranio-facial, ocular, auricular, and vertebral areas)
and by Digilio et al12 (i.e. presence of at least two of the
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following findings: unilateral microtia, unilateral mandibular
hypoplasia, uni- or bilateral epibulbar dermoid, or vertebral
malformations). The patients that met these criteria were
submitted to a cytogenetic analysis through high resolution
GTG-Banding karyotype (≥ 550 bands) and fluorescence
in situ hybridization (FISH) for 22q11.2 microdeletion,
using the DiGeorge/VCFS Region Probe (TUPLE 1) (Vysis,
Abbott Molecular Inc.). The cardiac diagnosis was attained
based on the results of the echocardiography and in most
cases, confirmed through surgical description and/or cardiac
catheterization. Fisher’s exact test (P < 0.05) was used for
the statistical analysis. This study was approved by the Ethical
Committee of the Hospital.

Table 1 - Clinical findings observed in the patients with oculoauriculo-vertebral spectrum (OAVS) of our study
Clinical features

Patients *
1

2

3

Sex

M

M

M

Age

11m

2m

2m

- Strömland et al (2007)5

3/4

2/4

4/4

- Digilio et al (2008)4

3/4

2/4

3/4

OAVS criteria

Hypotonia

+

+

Growth retardation

+

+

+

Results

Unilateral mandibular hypoplasia

+

+

+

During a period of 1 year and 4 months, 330 patients were
hospitalized for the first time in the pediatric cardiac ICU of the
Hospital. Thirty of them did not participate in the study due to
the presence of severe heart defect that led to death; to have
been discharged from the hospital before the application of
the consent, or because the parents chose not to consent. Of
the 300 patients that constituted the final sample, OAVS was
verified in 3 cases (1%). Their clinical features can be seen in
Table 1 and Figure 1. None had a 22q11.2 microdeletion or
any other detectable chromosomal abnormality.

Facial palsy

+

+

Discussion
In the literature, there have been three reports of OAVS
frequency in patients with CHDs. Pradat23 evaluated a sample
of 397 Swedish infants with a major cardiac defect and at
least one non-cardiac malformation. Patients known to have
a chromosomal abnormality were not included in his study
and the author found OAVS in two patients (0.5%). Meberg
et al24 studied a sample of 360 Norwegian patients with a
CHD diagnosed among 35,218 infants born alive during a
15-year period. All were clinically investigated according to a
standard protocol and the suspected cases of CHD underwent
a more comprehensive investigation and were referred for
echocardiography. OAVS was described in one patient (0.3%).
Güçer et al25 evaluated autopsies of Turkish patients born
alive and diagnosed with a CHD during a period of 26 years.
Of the 305 cases reviewed, OAVS was identified in only one
patient (0.3%).
These investigated cohorts were very heterogeneous and
different from the one evaluated by us. The adopted selection
criteria were variable and incorporated, in some cases, the
exclusion of subjects with chromosomal abnormalities or
only the inclusion of patients with associated extracardiac
anomalies23. The studied populations were also different.
Meberg et al4, for example, evaluated patients diagnosed
with CHD in a consecutive sample of live births, while
Güçer et al5 focused only on subjects with a CHD who were
autopsied. Differently from our study, the majority of others
were retrospective and none presented the description of
the criteria adopted for OAVS diagnosis. In spite of all these
aspects, when we compared the OAVS frequency in our study
(1%) with the others (ranging from 0.3 to 0.5%), we did not
find a statistical difference between them.

Upslanting palpebral fissures

+

Telecanthus

+

Choanal atresia

+

Cleft lip and palate
High arched palate

+
+

+

Hypoplastic tongue

+

Microretrognathia

+

Upper eyelid coloboma

+

Epibulbar dermoid

+

Preauricular pits

+

Preauricular skin tags

+

Ear canal agenesis

+

Unilateral microtia

+

+

Dysplastic ears

+

Esophageal atresia

+

Tracheoesophageal fistula

+

Laryngotracheomalacia

+

Radial abnormalities
Cervical-vertebral abnormalities

+
+

Rib alterations
Accessory spleen

+

Congenital heart defect

+

PA + VSD
Cor triatriatum
DILV

+

+
+

+

+

+

+
+
+

* They correspond to the patients from the Figure 1; M: male; m: months; PA +
VSD: pulmonary atresia associated to ventricular septal defect; DILV: double
inlet of left ventricle.

CHDs described in OAVS frequently belong to the
group of conotruncal and septal defects. Tetralogy of Fallot
and ventricular septal defects are considered the main
abnormalities. Complex abnormalities, such as cardiac
laterality defects in the setting of heterotaxy are also
common12,16,17,20,26-28. In our series, two of the three patients
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Figure 1 - Front and lateral view of the patients with oculo-auriculo-vertebral spectrum (OAVS): patient 1 at 11 months of age (pulmonary atresia associated to ventricular
septal defect), patient 2 at 2 months of age (cor triatriatum) and patient 3 at 2 months of age (double inlet of left ventricle). Note especially the unilateral mandibular
hypoplasia (1 to 3), microtia (1 and 2), preauricular skin tags (2 and 3), cleft lip (2) and small upper eyelid coloboma (in the right eye of the patient 3).

presented a conotruncal heart defect, which consisted of
a ventricular septal defect associated to pulmonary atresia
(patient 1) and a double inlet of left ventricle (patient 3). This
last one represents, to our knowledge, the first description
of a patient with both OAVS and this heart defect. Similarly,
there have been no previous reports of subjects with OAVS
and cor triatriatum, the additional cardiac abnormality
observed in our sample (patient 2). This patient presented the
“classic” form of cor triatriatum, i.e., an accessory chamber
joined the left atrium directly and received the pulmonary
veins which egress through the opening in the “membrane”.
Interestingly, the embryonic error that leads to cor triatriatum
is thought to be similar to that observed in anomalous
pulmonary venous return29, a type of heart abnormality
significantly associated to OAVS12. Some authors believe that
the higher frequency of conotruncal heart defects among
patients with OAVS may be related with an abnormality in
neural crest cell migration, which would explain the presence
of other craniofacial findings observed in the syndrome, such
as face, eye and ear abnormalities9,30.
All OAVS patients in our sample died before the end of
the second year of life, two of them (patient 1 and 3) due to
complications directly related to their CHDs. It is known that
these defects represent the main cause of death of OAVS
patients, which usually happens early into the first years of
life13,17,19 as also verified in our series. Their death could be
related to the severity of the CHDs, as conotruncal defects,
for example, are frequent in OAVS and are associated with
a high mortality2.
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Conclusions
OAVS seems to be a frequent condition among patients
with CHDs. In our study, its frequency was similar, for
example, to that of 22q11.2 deletion syndrome (OMIM
#188400/ #192430)8 (around 2%), a genetic disease also
highly associated to conotruncal heart defects31. However,
we cannot exclude the possibility that the frequency of OAVS
found in our study might have been influenced by the low
rate of prenatal detection of CHDs and the limited access of
patients with these defects to appropriate health care in our
region31. These factors, associated to the severity of many heart
defects found in patients with OAVS, could have lead to an
underestimation of the frequency of this disease.
Our study only evaluated patients with major cardiac
malformations and necessity of hospitalization at an ICU.
Future prospective studies with well-defined evaluation criteria
and subjects with mild and major defects will be important to
assess the role of OAVS in the general group of patients with
heart malformations.

Acknowledgements
We would like to thank the Coordenação de Aperfeiçoamento
de Pessoal de Nível Superior (CAPES) for the granted scholarship.
Potential Conflict of Interest
No potential conflict of interest relevant to this article was
reported.

Rosa et al
Heart defects and oculo-auriculo-vertebral spectrum

Original Article
Sources of Funding
This study was funded by Universidade Federal de Ciências
da Saúde de Porto Alegre, by University of Colorado Denver
and by CAPES.

Study Association
This article is part of the thesis of master submitted by Rafael
Fabiano Machado Rosa, Tatiana Roman, Giorgio Adriano
Paskulin, from Universidade Federal de Ciências da Saúde de
Porto Alegre (UFCSPA).

References
1. Hoffman JIE, Kaplan S. The incidence of congenital heart disease. J Am Coll
Cardiol. 2002; 39 (12): 1890-900.
2. Acharya G, Sitras V, Maltau JM, Dahl LB, Kaaresen PI, Hanssen TA, et al. Major
congenital heart disease in Northern Norway: shortcomings of pre- and
postnatal diagnosis. Acta Obstet Gynecol Scand. 2004; 83 (12): 1124-9.
3. Kapil D, Bagga A. The profile and outcome of patients admitted to a pediatric
intensive care unit. Indian J Pediatr. 1993; 60 (1): 5-10.
4. Goldmuntz E. The epidemiology and genetics of congenital heart disease.
Clin Perinatol. 2001; 28 (1): 1-10.
5. Roodpeyma S, Kamali Z, Afshar F, Naraghi S. Risk factors in congenital heart
disease. Clin Pediatr (Phila). 2002; 41 (9): 653-8.
6. Buskens E, Grobbee DE, Frohn-Mulder IM, Wladimiroff JW, Hess J. Aspects
of the aetiology of congenital heart disease. Eur Heart J. 1995;16 (5): 584-7.
7. Judge CM, Chasan-Taber L, Gensburg L, Nasca PC, Marshall EG. Physical
exposures during pregnancy and congenital cardiovascular malformations.
Paediatr Perinat Epidemiol. 2004; 18 (5): 352-60.
8. Amberger J, Bocchini CA, Scott AF, Hanesh A. McKusik’s on line Mendelian
Inheritance in Man (OMIM). Nucleic Acids Res. 2009; 37 (Database issue):
D793-D796.
9. Cohen Jr MM, Rollinck BR, Kaye CI. Oculoauriculoveretbral spectrum: an
updated critique. Cleft Palate J. 1989; 26 (4): 276-86.
10. Verona LL, Damian NGC, Pavarina LP, Ferreira CHF, Melo DG. Monozygotic
twins discordant for Goldenhar syndrome. J Pediatr. 2006; 82 (1): 75-8.
11. Strömland K, Miller M, Sjögreen L, Johansson M, Joelsson BM, Billstedt E, et al.
Oculo-auriculo-vertebral spectrum: associated anomalies, functional deficits
and possible developmental risk factors. Am J Med Genet. 2007; 143A (12):
1317-25.
12. Digilio MC, Calzolari F, Capolino R, Toscano A, Sarkozy A, de Zorzi A, et al.
Congenital heart defects in patients with oculo-auriculo-vertebral spectrum
(Goldenhar syndrome). Am J Med Genet. 2008; 146A (14): 1815-9.

17. Greenwood RD, Rosenthal A, Sommer A, Wolff G, Craenen J. Cardiovascular
malformations in oculoauriculovertebral dysplasia (Goldenhar syndrome). J
Pediatr. 1974; 85 (6): 816-8.
18. R o l l n i c k B R , K a y e C I , N a g a t o s h i K , H a u c k W, M a r t i n A O.
Oculoauriculovertebral dysplasia and variants: phenotypic characteristic of
294 patients. Am J Med Genet. 1987; 26 (2): 361-75.
19. Morrison PJ, Mulholland HC, Craig BG, Nevin NC. Cardiovascular
abnormalities in the oculo-auriculo-vertebral spectrum (Goldenhar
syndrome). Am J Med Genet. 1992; 44 (4): 425-8.
20. Kumar A, Friedman JM, Taylor GP, Patterson MWH. Pattern of cardiac
malformation in oculoauriculovertebral spectrum. Am J Med Genet. 1993;
46 (4): 423-6.
21. Werler MM, Sheehan JE, Hayes C, Padwa BL, Mitchell AA, Mulliken
JB. Demographic and reproductive factors associated with hemifacial
microsomia. Cleft Palate Craniofac J. 2004; 41 (5): 494-500.
22. Touliatou V, Fryssira H, Mavrou A, Kanavakis E, Kitsiou-Tzeli S. Clinical
manifestations in 17 Greek patients with Goldenhar syndrome. Genet Couns.
2006; 17 (3): 359-70.
23. Pradat P. Noncardiac malformations at major congenital heart defects. Pediatr
Cardiol. 1997; 18 (1): 11-8.
24. Meberg A, Otterstad JE, Froland G, Lindberg H, Sorland SJ. Outcome of
congenital heart defects - a population-based study. Acta Paediatr. 2000; 89
(11): 1344-51.
25. Güçer Ş, İnce T, Kale G, Akçören Z, Özkutlu S, Talim B, et al. Noncardiac
malformations in congenital heart disease: a retrospective analysis of 305
pediatric autopsies. Turk J Pediatr. 2005; 47 (2): 159-66.
26. Pierpont MEM, Moller JH, Gorlin RJ, Edwards JE. Congenital cardiac,
pulmonary, and vascular malformations in oculoauriculovertebral dysplasia.
Pediatr Cardiol. 1982; 2 (4): 297-302.
27. Lisbôa RC, Mendez HMM, Paskulin GA. Síndrome de Goldenhar e variantes:
relato de sete pacientes. Rev AMRIGS. 1987; 31: 265-9.

13. Castori M, Brancati F, Rinaldi R, Adami L, Mingarelli R, Grammatico P, et al.
Antenatal presentation of the oculo-auriculo-vertebral spectrum (OAVS). Am
J Med Genet. 2006; 140A (14): 1573-9.

28. Bustamante LN, de Guerra IV, Iwahashi ER, Ebaid M. Síndrome de Goldenhar:
relato de cinco casos em associação com malformações cardíacas. Arq Bras
Cardiol. 1989; 53 (5): 287-90.

14. Grabb WC. The first and second branchial arch syndrome. Plast Reconstr
Surg. 1965; 36 (5): 485-508.

29. Lin AE, Belmont J, Malik S. Heart. In: Stevenson RE, Hall JG, editors. Human
malformations and related anomalies. 2nd ed. Oxford: University Press;
2006. p. 85-120.

15. Melnick M. The etiology of external ear malformations and its relation to
abnormalities of the middle ear, inner ear and other organ systems. Birth
Defects Orig Artic Ser. 1980; 16 (4): 303-31.
16. Friedman S, Saraclar M. The high frequency of congenital heart disease in
oculo-auriculo-vertebral dysplasia (Goldenhar’s syndrome). J Pediatr. 1974;
85 (6): 873-4.

30. Lammer EJ, Chen DT, Hoar RM, Agnish ND, Benke PJ, Braun JT, et al. Retinoic
acid embriopathy. N Engl J Med. 1985; 313 (14): 837-41.
31. Rosa RF, Pilla CB, Pereira VL, Flores JA, Golendziner E, Koshiyama DB, et
al. 22q11.2 deletion syndrome in patients admitted to a cardiac pediatric
intensive care unit in Brazil. Am J Med Genet A. 2008; 146A (13):1655-61.

Arq Bras Cardiol 2010; 95(4): 436-440

439

Rosa et al
Heart defects and oculo-auriculo-vertebral spectrum

Original Article

440

Arq Bras Cardiol 2010; 95(4): 436-440

