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Vertebral anomalies (V), anal or duodenal atresia 
(A), cardiac defects (C), tracheoesophageal fis-
tula (TE), renal anomalies (R), and limb malfor-

mations (L) occur together in the congenital association 
termed VACTERL. This association was originally de-
scribed in 1973 with the acronym VATER18 in which the 
R signified both renal and radial (the most common limb 
defect) abnormalities, but frequent cardiac abnormalities 
observed in these patients led to later expansion of the 
acronym to VACTERL.3

The underlying cause of this association of birth de-
fects has potentially been linked to the Sonic hedgehog 
signaling pathway.12,21 This observation arose in study-
ing a mouse model engineered with deletions of the Gli2 

and Gli3 Shh transcription genes. Mice with these genes 
knocked out have birth defects similar to those in the 
VACTERL spectrum. While this murine model offers 
a platform for new study of the syndrome, VACTERL 
has not been linked to a single genetic event and does 
not follow Mendelian inheritance patterns. The cause in 
humans appears instead to be multifactorial with signifi-
cant environmental influence.12

Virtually all patients in whom VACTERL is even-
tually diagnosed will be admitted to an intensive care 
setting in the neonatal period due to the presence of an 
imperforate anus or TEF. Early admission to a critical 
care unit allows an opportunity to screen these infants for 
associated anomalies in the VACTERL spectrum and to 
treat prophylactically when appropriate.

Tethered spinal cord, a subcategory of occult spinal 
dysraphism (OSD), refers to a myriad of developmental 
intraspinal anomalies that bind the distal spinal cord low 
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Object. The term VACTERL represents a nonrandom association of birth defects including vertebral malforma-
tions, anal atresia, cardiac anomalies, tracheoesophageal fistulas (TEFs), renal anomalies, and limb malformations. 
Clinical experience and a few published case series suggest that a tethered spinal cord (TSC) occurs commonly in 
children with VACTERL, but to date, no study has defined the prevalence of TSC in patients with VACTERL. Such 
information would guide decisions about the appropriateness of screening spinal imaging.

Methods. The authors reviewed the charts of all patients discharged from the neonatal intensive care unit at 
Children’s Hospital Pittsburgh in the past 14 years with the diagnosis of VACTERL, TEF, or anal atresia. During that 
period, the authors’ protocol has been to use spinal ultrasound to screen this population for TSC. The charts were 
reviewed for the presence of a TSC requiring surgery and for the features of VACTERL.

Results. Thirty-three patients with VACTERL and adequate spinal imaging studies were identified. In 13 (39%) 
of these, a TSC requiring surgery was identified. Among patients without VACTERL, the incidence of TSC was 7.9% 
in those with anal atresia and 2.4% in those with TEF. False-negative ultrasounds were identified in 21.4% of patients 
with TSC.

Conclusions. Children with VACTERL should undergo MR imaging screening for TSC. In infants with anal 
atresia without VACTERL, the incidence of TSC is much lower than in those with VACTERL. 
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Abbreviations used in this paper: OSD = occult spinal dysra-
phism; TEF = tracheoesophageal fistula; TSC = tethered spinal 
cord.
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in the bony spinal canal, thereby applying tension to the 
cord as the bony canal grows faster than the neural tissue. 
These lesions include thickened filum terminale, filum 
terminale lipoma, dermal sinus, lipomyelomeningocele, 
and split cord malformations. Cutaneous markers such 
as dimples, nevi, hemangiomas, tufts of hair, and dermal 
sinuses frequently signal the presence of a TSC. A low-ly-
ing conus medullaris often accompanies OSD, providing 
further evidence of abnormal tension on and stretching of 
the distal spinal cord.

Tethered cord syndrome is the clinical manifestation 
of OSD. Bowel and bladder dysfunctions are the most 
common characteristics, but back pain, leg pain, motor 
and sensory disturbance of the lower extremities, scolio-
sis, and foot deformities may also be present.2,14,20 Once a 
child presents with incontinence and orthopedic deformi-
ties, release of the tethered cord should halt progression, 
but the procedure is unlikely to reverse the deficits. The 
likelihood of such deficits developing from many of the 
milder forms of tethering (such as thickened filum and 
filum lipoma) is not known.

While good data on the natural history of infants 
with filum terminale lipoma and/or low-lying spinal cord 
is not known, prophylactic detethering surgery is under-
taken in many of these infants in the hope of prevent-
ing irreversible deficits.14,19 Early detection of a lesion is 
important to guide discussion of prophylactic detethering 
surgery or monitoring for early detection of neurological 
decline. Early symptoms of the tethered cord syndrome 
may be more difficult to properly recognize in infants 
with VACTERL because many have an imperforate anus 
that requires perineal surgery or congenital renal or uro-
genital anomalies.

Methods
After approval from the Children’s Hospital of Pitts-

burgh Institutional Review Board, the neonatal intensive 
care unit discharge database from 1995 to 2008 was 
searched for ICD-9 codes 759.89 (congenital malforma-
tion syndromes affecting multiple systems including such 
diagnoses as VACTERL, CHARGE [Coloboma of the 
eye, Heart defects, Atresia of the nasal choanae, Retarda-
tion of growth and/or development, Genital and/or uri-
nary abnormalities, and Ear abnormalities and deafness], 
Fanconi anemia, and so on), 750.3 (tracheoesophageal 
fistula), and 751.2 (anal atresia).

During the period of this study, it has been the policy 
of the Children’s Hospital Pittsburgh to screen all neo-
nates with VACTERL, TEF, or imperforate anus with 
echocardiography, renal ultrasound, and spinal ultra-
sound. Abnormal spinal ultrasound results are followed 
up with MR imaging. In a few instances, spinal MR im-
aging was performed in the neonatal period for other rea-
sons (for example, deformity). Spinal ultrasound studies 
were not obtained in some of these cases.

Patients in whom spinal ultrasound or MR imag-
ing studies had not been obtained were excluded from 
this analysis to eliminate the sizable group with non-
VACTERL congenital malformation syndromes.

Charts of the remaining patients were reviewed to 

confirm or exclude the diagnosis of VACTERL as strict-
ly defined by Källén and colleagues.10 The diagnosis of 
VACTERL was confirmed in children with anomalies in 
3 or more of the categories defined in Table 1.

Spinal imaging studies were reviewed for all children. 
Neurosurgical consultations and neurosurgical operative 
details were likewise reviewed.

Results
In the past 14 years, the diagnostic codes for congeni-

tal malformation syndromes affecting multiple systems 
(VACTERL included), TEF, and anal atresia were ascribed 
to 239 patients discharged from the Pittsburgh Children’s 
Hospital neonatal intensive care. In 135 of these patients, 
some form of spinal imaging had been performed. Their 
charts were reviewed. The remainder we presume had Di-
George syndrome, Fanconi anemia, or other congenital 
malformation syndromes affecting multiple systems. In 
23 children with spinal imaging we found, on chart re-
view, multiple congenital malformation syndromes sepa-
rate from TEF, anal atresia, and VACTERL. These cases 
were excluded, leaving 112 in the final analysis. Thirty-
six patients met the criteria for VACTERL, as defined in 

TABLE 1: Features of VACTERL*

Category

vertebral
  hemivertebrae
  butterfly vertebrae
  fused segments
  extra segments
atresias
  anal atresia
  duodenal atresia
cardiac
  atrial septal defect (excluding PFO)
  ventricular septal defect
  dextrocardia
  tetralogy of Fallot
  aortic coarctation
  duplicated aortic arch
tracheoesophageal
  tracheoesophageal fistula
  esophageal atresia
renal
  horseshoe kidney
  solitary kidney (agenesis)
  dysplastic kidney
  ureteropelvic obstruction
  hypospadias
limb
  absent radius
  deformed radius
  polydactyly
  oligodactyly

*  Abnormalities in 3 or more of the categories constitute a diagnosis of 
VACTERL. Abbreviation: PFO = patent foramen ovale.
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Table 1. Among those without VACTERL, 38 had anal 
atresia, and another 38 had TEFs.

Among the subset with VACTERL, 3 patients were 
excluded from analysis because imaging studies were in-
adequate. All had low-lying conus medullaris on ultra-
sound but never underwent MR imaging. In 2 cases, the 
children died of cardiac malformations prior to discharge 
from the neonatal intensive care unit and in the third the 
patient was lost to follow-up before the recommended 
MR imaging was conducted.

Thirteen (39%) of the 33 patients with VACTERL 
had a TSC requiring surgery depicted on MR imaging 
(images from representative cases are shown in Figs. 1–3, 
and a complete list of cases appears in Table 2). Twelve 
of these patients underwent surgical detethering surgery 
while one was lost to follow-up prior to his surgery date. 
One patient had a lipomyelomeningocele, 8 had filum ter-
minale lipomas, and 6 had syringes. Only 2 patients had 
a conus medullaris at or above the L2–3 level; in both of 
these cases the filum terminale lipomas were sizable.

Only 8 in the nonsurgical group underwent MR im-
aging. Magnetic resonance imaging revealed normal spi-
nal cord anatomy in 3, borderline low conus medullaris in 
2, a tiny filum terminale syrinx in 2, and a blunted conus 
medullaris in 1.

Among the children with VACTERL, all of those 
with TSC had vertebral anomalies, compared with 50% 
in the non-TSC group. Those with tethered cord were also 
more likely to have anal atresia and renal anomalies than 
VACTERL patients without TSC (Table 3). They also tend-
ed to have more features of VACTERL, with 62% having 
more than 3 features compared with 18% of those in the 
non-TSC group. Those with TSC were less likely to have 
TEF and cardiac abnormalities, whereas the 2 groups were 
almost identical in frequency of limb malformations.

Among the 38 non-VACTERL patients with anal atre-
sia, 3 (7.9%) had a TSC requiring surgery; 2 had 1 associ-
ated VACTERL feature (ectopic kidney with ambiguous 

Fig. 1.  Sagittal MR image obtained in a patient with anal atresia, 
absent thumb, and multiple vertebral anomalies including butterfly ver-
tebrae, fused segments, and extra segments. The image shows the 
conus to end at the fourth of 8 lumbar vertebral bodies, an extensive 
syrinx, and a dorsally displaced, fatty filum (demonstrated by the arrow 
on the T1-weighted axial image [inset]).

Fig. 2.  Sagittal T2-weighted (left) and T1-weighted (right) MR im-
ages revealing a lipomyelomeningocele tethering the conus at S-2 in 
an infant with extra vertebral segments, anal atresia, absent kidney, 
hypospadias, and absent radius.

Fig. 3.  Sagittal T1-weighted MR image acquired in an infant with 
anal atresia, tracheoesophageal fistula, and vertebral anomalies, show-
ing the conus ending at L-5 in a sizable filum lipoma (arrow in the axial 
image [inset]). The upper sacral segments are fused while the lower 
segments are absent.
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genitalia in one and tetralogy of Fallot with a ventricular 
septal defect in the other). In all, 16 (42%) of the 38 infants 
in the anal atresia group had an associated birth defect 
from the VACTERL spectrum. These were nearly evenly 
divided between vertebral (5 patients), cardiac (5 patients), 
and renal (6 patients) defects. No patients in this group had 
limb anomalies.

Thirty-eight of the non-VACTERL patients had tra-
cheoesophageal fistulas. Only 1 (2.6%) of these 38 patients 
had TSC. This child had an associated renal anomaly in 
the form of fused kidneys with hydronephrosis. In this 
group, 14 of the 38 patients had 1 associated malforma-
tion in the VACTERL spectrum, a prevalence of 36.8%. 
Cardiac anomalies were the most common (7 patients), 
and this was followed by renal (4 patients) and vertebral 
(1 patient) defects.

Seventy-four of the 76 non-VACTERL patients un-
derwent screening ultrasound, while only 13 patients (10 
with anal atresia infants and 3 with TEF) underwent MR 
imaging.

Twenty-two of the patients with VACTERL under-
went MR imaging. Two of these had false-negative ultra-
sound results, 1 had a false-positive ultrasound result, and 
4 did not undergo ultrasound.

Of those in whom MR imaging documented a teth-
ered cord, 3 had ultrasound studies that were interpreted 
as normal, giving a 21.4% false-negative rate for screen-
ing ultrasound (14 of the 17 patients with OSD underwent 

TABLE 2: Details of all 17 patients with TSC requiring surgery, including ultrasound findings and associated anomalies in the VACTERL 
spectrum*

Case 
No. VACTERL Spinal Cord Pathology Ultrasound Findings Associated VACTERL Anomalies

1 yes L-4 conus L-4 conus 6 lumbar, 14 thoracic vertebral bodies, anal atresia, ectopic kidney
2 yes L-4 conus (of 8), filum lipoma, 

  syrinx
normal butterfly, fused, extra vertebral segments, anal atresia, renal cysts, 

  absent thumb
3 yes L4–5 conus L2–3 conus fused vertebral bodies, anal atresia, VSD, absent kidney
4 yes L-3 conus, filum lipoma not performed 13 ribs, malformed sacrum, anal atresia, TEF, ectopic kidney, hydro- 

  nephrosis, hypospadias 
5 yes filum lipoma normal hemivertebrae, anal atresia, horseshoe kidney, ambiguous genitalia, 

  club foot
6 yes L-5 conus, filum lipoma, syrinx L-5 conus, filum lipoma, 

  syrinx
fused ribs & sacral segments, anal atresia, TEF

7 yes L-3 conus, filum lipoma, holocord 
  syrinx

syrinx 13 ribs, fused segment, anal atresia, VSD, TEF, horseshoe kidney 

8 yes L-4 conus L-4 conus extra segments, hemivertebrae, anal atresia, fused kidneys, hydro- 
  nephrosis

9 yes L2–3 conus, filum lipoma, syrinx thick filum sacral deformation, anal atresia, solitary ectopic kidney
10 yes L-4 conus not performed hemivertebrae, rib anomalies, anal atresia, horseshoe kidney
11 yes L2–3 conus (of 6), thick filum L-3 conus absent superior vena cava, TEF, renal ectasia, extra vertebral seg- 

  ments
12 yes S-2 conus, lipomyelomeningocele lipoma, suggestion of 

  tether
extra vertebral segments, anal atresia, absent kidney, hypospadias, 
absent radius

13 yes L3–4 conus (of 6), filum lipoma thick filum fused vertebral segments, ASD, TEF, hemibladder/phallus/scrotum
14 no L5–S1 conus, thick filum not performed TEF, fused kidneys, hydronephrosis
15 no L3–4 conus, filum lipoma L3–4 conus, filum lipo- 

  ma
anal atresia

16 no L-4 conus, filum lipoma L-4 conus anal atresia, ectopic kidney, hydronephrosis
17 no L-3 conus, filum lipoma, syrinx normal anal atresia, tetralogy of Fallot, VSD

*  ASD = atrial septal defect; VSD = ventricular septal defect.

TABLE 3: Comparison of VACTERL features between VACTERL 
patients with and without TSC

VACTERL Feature
No. of Patients (%)

TSC Normal Ultrasound

no. of patients 13 (39) of 33 20 (61) of 33
vertebral 13 (100) 10 (50)
atresia 11 (85) 12 (60)
cardiac 3 (23) 11 (55)
tracheoesophageal 5 (38) 12 (60)
renal 12 (92) 12 (60)
limb 4 (31) 7 (35)
no. of features
  exactly 5 1 (8) 0
  exactly 4 7 (54) 6 (30)
  exactly 3 5 (38) 14 (70)
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ultrasound). One of these patients had a normal-level 
conus medullaris with a filum terminale lipoma; 1 had 
a filum terminale lipoma, syrinx, and conus at L-4 of 8 
lumbar segments; and 1 had a fatty filum terminale, syr-
inx, and conus ending at L-3.

Discussion
In the present study we found a 39% incidence of 

TSC requiring surgery when patients with VACTERL 
underwent neonatal ultrasound screening. This study is 
the first of which we are aware to report the results of 
universal screening for tethered cord in the VACTERL 
population.

There were some strong associations of tethered cord 
with certain VACTERL features in our population. Those 
with a tethered cord were more likely to have vertebral 
(100% vs 50%) and renal (92% vs 60%) malformations 
than those without a tethered cord. The universal pres-
ence of vertebral anomalies in the patients with a tethered 
cord may point to a common embryological misstep and 
suggests that screening spine radiography may be useful 
in excluding the possibility of underlying TSC. More data 
are needed to confirm this association.

Infants with VACTERL and TSC were less likely 
than those without TSC to have cardiac anomalies (23% 
vs 55%, respectively) and TEF (38% vs 50%). Neither of 
these associations excludes the possibility of spinal cord 
tethering, and we believe that all children with VACTERL 
deserve screening.

The protocol at our institution has been to conduct spi-
nal ultrasound screening in all children with VACTERL, 
anal atresia, or TEF. In our chart review we documented 
a 21% false-negative rate for spinal ultrasound, but only a 
few of the more than 75 patients with normal ultrasound 
results underwent MR imaging, likely biasing the false-
negative rate.

Evaluation of the accuracy of spinal ultrasound in de-
tecting OSD and spinal cord tethering has not been fully 
assessed, but some reports have found complete correlation 
of the 2 modalities in only 40% of infants.9 Further study 
of this modality is warranted, particularly in populations 
with a high prevalence of TSC such as VACTERL.

A number of publications have reported TSC in pa-
tients with VACTERL.5,11,13,17,23 Chestnut and colleagues5 
reported on 6 surgical cases that presented over a 5-year 
period. Three of these presented with symptoms while 
the remaining 3 were identified in infancy after work-up 
for cutaneous markers.

Warf and associates23 added 2 cases of VATER in a 
series of patients with anorectal malformations and TSC.

Kuo et al.13 reported on 9 nonconsecutive patients 
with VACTERL who underwent lumbar MR imaging. 
Seven of these had a tethered cord, an incidence of 77.8%; 
however, the authors do not comment on how the patients 
in the series were selected for MR imaging evaluation. 
The high incidence may reflect some selection of who 
to screen in their VACTERL population, or it may result 
from the use of MR imaging as the screening modality (a 
more sensitive test than ultrasound).9

A larger body of literature addresses the association 

between anorectal malformations and spinal cord tether-
ing. The reported incidence ranges from 8% to 36%.1,4,6–

8,15,16,22

Golonka and colleagues7 reported one of the largest 
series in which MR imaging was used to routinely screen 
for infants with anal atresia. They found that 34.9% of 
their patients had a TSC. The authors noted a frequent 
association with vertebral anomalies, but no author study-
ing anal atresia and TSC has commented on the associa-
tion with VACTERL.

In the present study, 23% of infants with anal atresia 
had TSC; however, in those without VACTERL, the inci-
dence was 7.9%, lower than any other report of prophylac-
tically screened patients with anal atresia. The incidence 
was even lower (4.5%) in those without any VACTERL 
features (Fig. 4). Future studies of the association be-
tween anal atresia and TSC should include the association 
of VACTERL features.

Conclusions
Thirty-nine percent of patients with VACTERL were 

found to have TSC when screened as neonates with ultra-
sound. Three false-negative ultrasounds were identified 
among our 14 patients with TSC who underwent this im-
aging modality. Given the potential for insidious and of-
ten irreversible neurological deficits caused by untreated 
spinal cord tethering, we believe that routine screening is 
mandatory for children with VACTERL. The improved 
sensitivity of MR imaging compared with ultrasound 
probably justifies the increased cost and small risk of 
sedation-related morbidity. Although prospective study 
is warranted, we would nonetheless recommend routine 
MR imaging screening for all patients with VACTERL.
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