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SUMMARY
VACTERL association occurs in 1 in 10000-

40000 live births and is associated with vertebral 
defects, anal atresia, cardiac malformations, 
tracheoesophageal fistula, renal dysplasia and 
limb defects. A 19-week-old male foetus with 
antenatal diagnosis of foetal hydronephrosis 
on antenatal ultrasound in the left kidney was 
medically terminated and brought for foetal 
autopsy. No other malformation was reported on 
antenatal scan. On autopsy, facial abnormalities, 
upper and lower limb defects, coronal vertebral 
clefts and imperforate anus with a two vessel-
umbilical cord were found. Both environmental 
and genetic factors are considered to be 
responsible for this association. The present case 
illustrates the importance of foetal autopsy for 
making a definitive diagnosis in the missed 
sonographic findings like anal atresia and absence 
of upper- and lower-limb bones.
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INTRODUCTION
VACTERL association refers to statistically non-

random co-occurrence of a group of congenital 
malformations. VACTERL stands for Vertebral 
defects, Anal atresia, Cardiac malformations, 
Tracheoesophageal fistula (TEF) with oesophageal 
atresia, Radial/Renal dysplasia, Limb defects. 
Various possible explanations considered for 
the occurrence of these malformations in a non-
random fashion are: (1) chronic teratogenic 
influence throughout the period of embryogenesis; 
(2) an inaugural malformation which secondarily 
disturbs development of other anatomical 
structures –the so-called malformation sequence 
or cascade; (3) disturbances in molecular pathways 
or mutations of single genes; (4) disturbances in 
the developmental process that is essential to all 
systems affected (Stevenson et al., 2013).

Various environmental agents form a plausible 
explanation for induction of the malformation 
during the first trimester. Early gestational 
exposure to drugs like thalidomide for long 
term affects multiple anatomical systems like 
craniofacial, cardiac, and gastrointestinal 
structures other than the limb abnormalities. 
Other predisposing factors include maternal 
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diabetes, which causes oxidative stress, 
mitochondrial dysfunction and disturbance in key 
development pathways (Stevenson et al., 2013).

CASE REPORT
A 19-week-old male foetus with antenatal 

diagnosis of foetal hydronephrosis on antenatal 
ultrasound in the left kidney was medically 

terminated and brought for foetal autopsy. No 
other malformation was reported on antenatal 
scan. The mother was a 25-year-old primigravida 
with history of treatment for thyroid disorder for 
3-4 months of pregnancy. The mother did not 
have any other significant medical history or any 
other history of drug intake. Informed consent 
was taken from the parents before performing the 
autopsy.

Fig. 1.- Showing bilateral meromelia and absent thumb (medial four digits are shown by red arrows), facial features - mild 
retrognathia (white arrow) with bilateral low set ears (yellow arrow).
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On further investigation, external examination 
showed that the 19-week-old male foetus had 
bilateral meromelia with absent thumb (Fig. 1). 
The umbilical cord consisted of 2 vessels (one 
umbilical artery and one umbilical vein) (Fig. 2). 
There was also absence of anal opening: a 1x1-cm 
depression was present in the anorectal region 
(Fig. 3). Facial features showed mild retrognathia 
with bilateral low set ears. Post-termination 
skeletal survey showed (Fig. 4) bilateral absence 
of radius, absence of left fibula and coronal 
clefts in multiple thoracic vertebrae. On internal 
examination, the gastrointestinal system showed 
blindly-ending large intestine distended with 
meconium (Fig. 5). The urinary system was 
normal. Tracheoesophageal fistula was not 
detected and there was no cardiac malformation.

DISCUSSION
The incidence of VACTERL association is 

estimated to be approximately 1 in 10,000 
to 1 in 40,000 live-born infants (Jangle et al., 
2014). VACTERL association is a term applied to 
sporadic, non-random association of specific 
birth defects (Stevenson et al., 2013). However, 
there is also strong clinical and genetic evidence 
for causal heterogeneity in patients with VACTERL 
association (Solomon et al., 2011). There should 
be at least three out of the following six findings 
for confirmed diagnosis of VACTERL association 
(Jangle et al., 2014).

V-	 Vertebral anomalies: hypoplastic (small) 
vertebrae or hemivertebra (where only one 
half of the bone is formed). About 70% of 
patients with VACTERL association will 
have vertebral anomalies.

Fig. 2.- Showing 2 vessels umbilical cord (umbilical vein by red arrow and umbilical artery by blue arrow).
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A-	 Anal atresia or imperforate anus is seen 
in about 55% of patients with VACTERL 
association.

C-	 Cardiovascular anomalies: these are 
present in up to three-quarters of patients 
with VACTERL association and the most 
common are ventricular septal defects, 
atrial septal defects and Tetralogy of Fallot.

T-E-	 Tracheoesophageal fistula: oesophageal 
atresia with tracheoesophageal fistula (TE 
fistula) is seen in about 70% of patients with 
VACTERL association.

R-	 Renal (Kidney): renal defects are seen in 
half the patients with malformation of one 
or both kidneys or obstructive uropathy.

Limb defects: limb defects are seen in up to 
70%, which include absent or displaced thumbs, 

polydactyly, syndactyly and forearm (including 
radial aplasia) and leg defects.

Various authors have found a variable number 
of anomalies in patients with this association. 
Some of the recent reports with anomalies found 
by different authors have been tabulated (Table 
1). Cardiac malformations have been reported in 
approximately 40-80% of patients with VACTERL 
association, while tracheo-oesophageal fistula 
have been found in 50-80% of cases (Weaver 
et al., 1986; Solomon et al., 2010). In this case 
report, tracheal-oesophageal fistula and cardiac 
anomalies were not present. The exact cause of the 
presence of particular anomalies associated with 
VACTERL has not been clearly found yet. It has 
been referred to various genetic or developmental 
defects during different stages of the embryo (Kim 
et al., 2001a, b). Familial clustering has also been 

Fig. 3.- Showing absence of anal opening, 1x1 cm depression 
(white arrow) present in the anorectal region.

Fig. 4.- Showing bilateral absence of radius (white arrow), 
absence of left fibula (yellow arrow) and coronal clefts in 
multiple thoracic vertebrae (red arrows).
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seen in variable number of cases (Solomon et al., 
2010).

Since there are no major genes for this condition, 
and also its phenotypes are too heterogeneous to 
be defined as a syndrome, it is still referred to as 
an ‘association’. Previous studies have observed 
that 90% of the patients diagnosed with VACTERL 
association had three or fewer phenotypes 
(referred to as VACTERL-like association) and 
<1% of patients had all six anomalies (Chen et 
al., 2016). It has been observed that multiple 
embryological processes are disturbed in the 
genesis of VACTERL malformations. Abnormal 

timing of molecular oscillator known as 
segmentation clock results in mal-segmentation 
of the vertebrae. Mesodermal proliferation and 
migration, epithelial-mesenchymal interactions 
and programmed cell death are observed to be 
involved in atresia of the oesophagus and anus. 
Failure to lay down, condense or chondrify the 
anlage of the radius is involved in radial aplasia. 
Failure of development of ureteric bud or primary 
failure of the metanephric mesenchyme in the 
early five week results in renal agenesis and 
the abnormal development of mesonephros/
mesonephric duct leads to lower urinary defects.

Fig. 5.- Internal examination: gastrointestinal system showing blindly ending large intestine distended with meconium.
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The common cardiac anomalies in VACTERL 
association are ventricular and atrial septal 
defects and Tetralogy of Fallot occurring due 
to abnormal development of the cardiac septa, 
results in cardiac malformation (Stevenson et al., 
2013). The thoracic vertebrae are most commonly 
affected, followed by cardiac, tracheoesophageal 
structures and forearm bones followed by 
anorectal structures in the end (Stevenson et al., 
2013).

The ZIC3 gene has been shown to cause 
X-linked VACTERL association. Various types 
of ZIC3 mutations have been reported to be 
responsible for both VACTERL or VACTERL-
like association. Anal atresia is present in 
most patients with ZIC3 mutations; vertebral 
anomalies are not commonly observed and 

demonstrated phenotypic variability (Chen et al., 
2016). Mitochondrial dysfunction is one of the 
aetiological factors of VACTERL association but 
seen in small proportion of affected individuals 
(Siebel et al., 2013). SHH gene plays a significant 
factor, as the key inductive signal in patterning 
of the ventral neural tube, the anterior-posterior 
limb axis and the ventral somites. In humans, 
SHH mutation has been observed to cause more 
severe VACTERL phenotypes (Chen et al., 2016).

Prenatal and postnatal growth deficiency, 
laryngeal stenosis, ear anomaly, large fontanels, 
lower limb defects, rib anomalies, external 
genital defects, single umbilical artery (SUA), 
and tethered cord are less frequently seen with 
VACTERL association (Yang et al., 2019). The 
present case presented with intestinal and lower 

Table 1. Various malformations found in patients with VACTERL association.

Authors Anomalies found in VACTERL

Walsh et al., 2001 All six anomalies

Komura et al., 2007 All six anomalies

Harris et al., 2009 Abdominal wall hernia, imperforate anus, vestibular fistula, absent right rib, vertebral anomalies, 
tethered cord, syringomyelia, cardiac anomalies, absence of tracheoesophageal fistula

Salati et al., 2010 Anomalies involving cardiac, skeletal (vertebrae, limb) and renal system

Shah et al., 2004 All six anomalies with Prune Belly syndrome

Obeidat et al., 2019 Imperforate anus, tracheoesophageal fistula, esophageal atresia, and left renal agenesis with uni-
cornuate uterus

Tongsong et al., 2001 All six anomalies

Cunningham et al., 2013

No statistically significant association between CHD severity and the presence or absence of other 
VACTERL component features, specifically anorectal malformation or tracheo-esophageal fistula; 
CHD presence also did not correlate with the presence of tracheo-esophageal fistula or anorectal 
malformation

Yang et al., 2019 Multiple airway abnormalities including bridging bronchus, airway malacia, and complete trache-
al rings with VACTERL

Pariza et al., 2021
Scoliosis, imperforate anus, common truncus arteriosus, tracheoesophageal fistula, polycystic 
kidneys, with short right ureter, lower limb hypoplasia, micrognathia, hygroma, duodenal atresia, 
and cloacal malformation, with an aberrant omphalomesenteric duct

Puvabanditsin et al., 2016
Vertebral anomalies, anal and urethral atresia, esophageal atresia with tracheoesophageal fistula 
(TEF), renal agenesis, pulmonary hypoplasia, genital and sacral appendages, and a single umbili-
cal artery

Chen et al., 2013 Small cerebellum, ventricular septal defect, single umbilical artery, scoliosis, right club hand, 
radial aplasia, renal agenesis and imperforate anus.

Nakaya et al., 2017 Non-functioning right kidney with VUR, hemidiaphragmatic eventration, ventricular septal defect 
(VSD) with tetralogy of Fallot, cryptorchidism, and hyperdactylia

Pelluard-Nehmé et al., 2007
Single umbilical artery, dextroposition of heart, Butterfly-shaped vertebrae, hemivertebrae, fused 
cervical vertebrae, left diaphragmatic hernia, anal imperforation, hypospadias and amelia of left 
upper limb

Endoh et al., 2008 VACTERL association with a cleft hand

Ünal et al., 2008 VACTERL association, arachnoid cyst in sylvian fissure and corpus callosum agenesis
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limb abnormalities, which is a rare association. In 
the present case, because of the presence of limb 
defects, coronal vertebral clefts and imperforate 
anus, we label this constellation of birth defects 
as VACTERL association and can be because of 
the A3243G point mutation in mtDNA (Damian et 
al., 1996). The present case also highlights the 
importance of doing foetal autopsies, as some 
anomalies in our case were missed on antenatal 
scan and the exact diagnosis of VACTERL was 
possible only after the autopsy.

Genetic counselling was provided to the affected 
couple, as in 90% of the cases this association 
is sporadic with minimal risk of recurrence. 
However, in 10% of the cases it is seen that first-
degree relatives are affected with either isolated 
or multiple components of VACTERL association. 
Hence, review of the family members for features 
of VACTERL was advised along with focus on 
polyhydramnios, absent gastric bubble and single 
umbilical vessel on antenatal scan in subsequent 
pregnancies.

CONCLUSION
VACTERL is a relatively common congenital 

malformation syndrome. However certain 
features of VACTERL association, such as 
anorectal malformation and tracheoesophageal 
fistula are often missed during prenatal imaging. 
Hence, foetal autopsy contributes significantly to 
the diagnosis of VACTERL association.

Limitation- Karyotyping and other genetic 
analysis were carried out neither in reported case 
nor in family or close relatives. Genetic analysis 
should be done in these types of cases to explore 
the genetic basis in detail.
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