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Is spinal ultrasound an appropriate screening method for spinal malformations in 

children with anorectal malformations? 

Nazia Ali 
Purpose: We evaluated spinal ultrasound in patients with anorectal malformations (ARM) to find out if it is an 
appropriate screening method for spinal cord anomalies.  
Methods: A retrospective review of hospital records of 153 patients operated for ARM at our institution 2000-
2012. Data on gestational age, sex, type of ARM according to the Krickenbeck classification, all radiological 
imaging performed including spinal ultrasound and magnetic resonance imaging (MRI) and associated 
malformations found, were extracted.                                                                                                                                                                                                                                                                                                                                           
Results: Spinal ultrasound was routinely performed from 2006, so the study population was 75 patients born 
2006-2012. There were 42 (56%) boys and 33 (44%) girls. The most common type of ARM was perineal fistula 
(52.4%) in boys and vestibular fistula (51.5%) in girls. Forty three (57.3%) of the patients had at least one 
associated malformation, of which the most frequent were urogenital, seen in 20 (26.7%) of the patients. A 
spinal ultrasound was performed in 48 patients. Of these, 27 (56.3%) were normal, 8 (16.7%) demonstrated 
spinal cord anomalies and 13 (27.1%) investigations were inconclusive. Of the eight pathological ultrasounds, 
seven patients were subjected to magnetic resonance imaging (MRI), which all demonstrated spinal 
malformations. The spinal malformations found at ultrasound were low lying conus medullaris (LLC), 
myelomeningocele (MMC), lipoma of the filum terminale and dorsally displaced conus. MRI demonstrated 
tethered cord and ventral meningocele in addition. In all, 14 patients (18.7%) had spinal cord malformations 
and eight (10.7%) had tethered cord. 
Conclusion: Although spinal ultrasound is considered to be an appropriate screening method for spinal 
anomalies in ARM, we found that a substantial portion of ultrasounds gave inconclusive results. This gave a 
false sense of security. Spinal malformations were also found in patients with normal ultrasounds. We 
therefore consider spinal ultrasound to be an unreliable screening method for spinal malformations and 
recommend MRI as the method of choice.  

Är ultraljud av spinalkanalen en lämplig metod för screening av spinala missbildningar 

hos barn med anorektala missbildningar? 

Nazia Ali 
Syfte: Vi utvärderade ultraljudsundersökningar av spinalkanalen hos barn med anorektala missbildningar 
(ARM) för att se om det är en lämplig screeningmetod för att påvisa spinala missbildningar.  
Metoder: Retrospektiv journalgenomgång av 153 patienter med ARM i Uppsala 2000-2012. Extraktion av 
gestationsålder, typ av ARM enligt Krickenbeck-klassifikationen, alla radiologiska undersökningar, inklusive 
eftergranskning av spinala ultraljud och magnetisk resonanstomografi (MRT) samt associerade medfödda 
missbildningar. 
Resultat: Ultraljud av spinalkanalen har utförts rutinmässigt sedan 2006, så studiepopulationen var 75 
patienter födda 2006-2012. Av dessa var 42 (56%) pojkar och 33 (44%) flickor. Den vanligaste typen av ARM var 
perineal fistel hos pojkar (52,4%) och vestibulär fistel hos flickor (52,4%). 43 (57,3%) hade minst en associerad 
missbildning, varav de vanligaste var urogenitala missbildningar som sågs hos 20 (26,7%) patienter. Ultraljud av 
spinalkanalen utfördes hos 48 patienter. Av dessa var 27 (56,3%) normala, 8 (16,7%) påvisade spinala 
missbildningar och 13 (27,1%) av utredningarna var obedömbara. Av de patologiska ultraljuden utreddes 7 med 
magnetisk resonans tomografi (MRT), som alla påvisade spinala missbildningar. Med hjälp av ultraljud hittade 
man spinala missbildningar i form av lågt liggande conus medullaris (LLC), myelomeningocele (MMC), filum 
terminale-lipom och en dorsalt belägen conus medullaris. MRT hittade dessutom fjättrad märg och ventralt 
meningocele. Totalt hade 14 patienter (18,7%) av 75 spinala missbildningar och 8 (10,7%) fjättrad märg.  
Slutsats: Trots att ultraljud av spinalkanalen anses vara en lämplig screeningmetod för att hitta spinala 
missbildningar hos barn med ARM, såg vi att en hög andel av ultraljudssvaren var obedömbara. Detta gav en 
falsk trygghet. Spinala missbildningar hittades även hos patienter med normala ultraljud. Vi anser därför att 
ultraljud av ryggmärgskanalen är en opålitlig screeningmetod för spinala missbildningar och rekommenderar 
MRT som förstahandsmetod.  
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Introduction 
Anorectal malformations (ARM) are a group of congenital malformations of the anus and rectum and 

means that the anus is abnormally placed or absent. The incidence of ARM is approximately 1 in 

5,000 live births[1], with a slight overweight for boys. 

Table 1. International classification (Krickenbeck) based on type of fistula 

Classification 

ARM comprises a spectrum of malformations. Earlier, 

these have been classified as “high” or “low” 

anomalies, later expanded to “high”, “intermediate” 

and “low” categories (Wingspread classification of 

anorectal malformations[2]) based on the location of 

the distal part of rectum in relation to the levator ani 

muscle (striated muscles of the pelvic floor). A new, 

more straightforward classification, the Krickenbeck 

classification[3], with therapeutic and prognostic 

implications, is used henceforth (Table 1). A rectal pouch often ends in a fistula with the distal end 

outside the anal sphincter complex. In boys, the fistula can end distally in perineum (perineal fistula), 

the posterior part of the urethra (rectourethral bulbar or prostatic fistula) or the urinary bladder 

(rectovesical or bladderneck fistula). In girls, the fistula can end in the perineum, but the most 

common is a fistula to the posterior commissure of the vestibulum of the vagina (rectovestibular 

fistula). In rare cases, a cloaca malformation is seen, where the uretra, vagina and rectum share a 

common channel, and only a single orifice is seen in perineum. Imperforate anus is usually a low 

atresia with a thin membrane between rectum and the skin. Uncommon variants of ARM are anal 

stenosis, rectal stenosis- or atresia, H-fistula or rectovaginal fistula.  

Associated anomalies  

Although ARM may occur as an isolated malformation, associated malformations are seen in at least 

60% of patients with ARM[1] and is more frequent in patients with more severe types of ARM. The 

frequency associated malformations in children with ARM varies, and urogenital malformations are 

the most common. ARM is associated with esophageal atresia, duodenal atresia, vertebral and renal 

malformations, congenital heart disease, and syndromes, e.g. Down’s syndrome.  Ninety-five percent 

of patients with Down’s syndrome with ARM have a “high” atresia with no fistula, compared to 5% of 

all patients with ARM[4]. In boys, hypospadia, cryptorchism and bifid scrotum are frequently 

associated. In approximately 15% of cases [5], VACTERL association (vertebral, anal, cardiac, 

tracheoesophageal fistula and esophageal atresia, renal and radial limb malformations) is seen. 

Spinal malformations associated with ARM are tethered cord, intraspinal lipoma, ventral 

meningocele at an incidence of ~25-50%of patients with ARM [6, 7].  

Initial management of the newborn  

The diagnosis of ARM is based on the clinical examination of the newborn, which reveals the type of 

malformation in 90% of cases. In the rest of the cases, additional diagnostic measures may be 

necessary. The child is referred fasting to a pediatric surgery facility.  

Major clinical groups Rare/regional variants 

Perineal fistula Pouch colon 
Rectourethral prostatic fistula Rectal atresia/stenosis 

Rectourethral bulbar fistula Rectovaginal fistula 

Imperforate anus with no 
fistula 

H-fistula 

Rectovesical fistula Others 
Rectovestibular fistula  

Cloaca  

Anal stenosis  
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ARM is usually presented in the newborn with a distended abdomen and bile-coloured vomiting due 

to the bowel obstruction. The anus is absent. Meconium is normally passed during the first 24 hours 

of life in the new-born as a result of built- up pressure in the bowels. A fistula with meconium in the 

perineum- or the vestibulum in girls or urethra in boys can be seen after 0-24 hours after delivery. If 

there still is no fistula present or if the clinical presentation of the newborn is equivocal, a prone 

cross-table lateral radiograph is recommended[4],  where an x-ray of the baby lying on its belly with 

the buttocks tilted upwards is performed with a marker in perineum. A “high” deformity is when the 

most distal rectal gas is found to be >10 mm from the perineal marker and a “low” deformity when it 

is <10 mm from the perineum. In cases of “high” deformities, a relieving colostomy is performed 24-

36 hours after delivery, followed by an anorectoplasty (PSARP=posterior sagittal anorectoplasty) 1-3 

months later. In low deformities a primary anorectoplasty (mini-PSARP) is performed without a 

diverting colostomy.   

Further investigations  

The ARM mortality is low (5-15%, [5]) and if present, associated with other congenital 

malformations[2], such as structural heart malformations.  Chromosomal aberrations are also 

associated with poor prognosis. Before surgery of a baby with ARM, an echochardiogram is made for 

screening of congenital structural heart malformations or signs of incompensation. In cases of 

excessive salivation, a chest x-ray with a nasogastric tube in place rules out esophageal atresia. 

Following can be performed postoperatively: 

 Ultrasound of the urinary tract detects urogenital malformations such as obstructive 

uropathy, hydronephrosis, and renal agenesis.  

 Ultrasound of the spinal cord can show spinal malformations.  Can be performed during the 

first three months of life; the visibility of the spinal cord is later obstructed by the ossification 

of the spine.  

 4-hour micturition observation with residual urine estimations is made to screen for 

obstructive or neurogenic micturition disorders. 

 A micturition urethrocystography (MUCG) can show vesicoureteral reflux (VUR) and 

posterior urethral valves (PUV), in children with ARM and hydronephrosis or pathological 

micturition observation. 

 Urethrocystoscopy is made in children with “high” malformations, hydronephrosis or 

pathological micturition observation and permits direct visualization and therapeutic 

possibilities, e.g. resection of PUV or subureteric injection therapy of vesicoureteral reflux. 

 X-ray of the axial skeleton visualizes vertebral malformations like sacral- and/or coccygeal 

agenesis, hemivertebrae, butterfly vertebrae, block vertebrae or assimilated vertebrae. 

  Magnetic resonance imaging (MRI) can show urogenital, spinal and spinal cord 

malformations with high precision.  

Prognosis and follow up 

The functional results are based on the type of ARM. The long-term functional outcome after a 

surgical repair is good in most cases [8]. Patients with ARM require careful follow-up throughout 

their childhood and are followed up in consideration of three functions: 
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1. Voluntary bowel control - patients that can feel an urge to empty the bowel and being able 

to do so. 

2. Soiling - involuntary fecal incontinence giving stains in undergarments. Most often secondary 

to constipation.  

3. Constipation - the most common problem in children with ARM. Untreated cases have an 

increased risk of developing fecal impaction with soiling and/or encopresis. A bowel 

management program with oral laxantia and/or enema is efficient in 95% of the cases[9].    

Patients with severe ARM have a poor functional prognosis. The patients may lack voluntary bowel 

control, but 90% can be made socially continent with bowel management. In cases of long standing 

enema dependency for continence, antegrade continence enemas (ACE; in which the appendix is 

brought to the skin and through which a catheter is inserted for distal washout of the bowel) 

increases patient’s autonomy and is more efficient than rectal enemas.    

Sacral anomalies and spinal cord malformations  

Spinal dysraphism is defined as spinal (bony) and spinal cord malformations in the midline, such as 

spina bifida aperta, spina bifida occulta and lipomyelomeningocele.   

 Spina bifida aperta: herniation of the meninges through a defect in the posterior bony arch in 

one or more vertebrae causing a non skin-covered mass, e.g. myelomeningocele.  

 Spina bifida occulta: defect in the posterior bony arch in one or more vertebrae without 

herniation of the meninges. Usually an incidental finding, but can be accompanied by low 

lying spinal cord, tethered spinal cord, spinal lipoma, anterior sacral meningocele. 

 Lipomyelomeningocele- a skin-covered neural tube defect.  

ARM is also associated with caudal regression syndrome, which can be detected by ultrasound. There 

is then a varying degree of regression of the coccyx, sacrum and lumbar spine. The absence of the 

bony structures occurs in a caudal- to cranial direction. 

Several studies have shown a high incidence (26-46%) of spinal dysraphism in patients with ARM [7, 

10-13].  

Tethered cord 

 The terminal part of the spinal cord, conus medullaris, is normally located at the L1-L2 vertebral level 

in children. The filum terminale is a thin fibrous tissue proceeding downwards from the conus 

medullaris. A tethered cord is when the filum terminale is fixed to spinal structures. The fixation can 

be caused by intraspinal- or intradural lipoma, meningocele, myelomeningocele, thickened filum 

terminale and lipomyelomeningocele. Fixation impairs the normal ascending migration of the conus 

medullaris during growth. Thus, during growth of the child, a tethered cord can cause traction of the 

spinal cord and cause neurological and orthopedic symptoms. The symptoms can present at any age 

and are often progressive.  A tethered cord can cause neurogenic bladder and bowel dysfunction [12, 

14, 15] with fecal and urinary incontinence. Orthopedic symptoms include pain in back and legs, 

sensory loss of the legs, gait disturbance and lower extremity weakness.   

The incidence of tethered cord in ARM is reported to vary between 14-57%[7], with higher incidence 

in patients with “high” ARM and a lower incidence in patients with “low” ARM, even though the 
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difference has not been statistically significant. The average incidence of tethered cord is 24% in 111 

patients with ARM studied by Lewitt and Peña [12]. The treatment of a tethered cord is neurosurgical 

detethering. At most centers, surgery is performed at onset of clinical symptoms. Some centers 

however, recommend prophylactic detethering surgery based on radiologic imaging. The evidence 

that prophylactic untethering improves the prognosis of bowel- and bladder control is not clear. In 

symptomatic patients however, surgery improves neurological and motor function. In summary, 

armored expectancy with repeated neurological evaluations and MRI is considered safe in 

asymptomatic patients[16].   

 Fecal and urinary incontinence can also result from the reconstructive surgery by injury to nerves 

and muscles, and from the ARM itself, due to sacral malformations, poor or absent nerve supply and 

as a result, less developed sphincter and levator ani muscles, all which blur the actual effect of the 

tethered cord itself on the functional prognosis [4]. 

Spinal ultrasound in children with ARM  

A spinal ultrasound is usually performed by scanning the whole spinal canal from the dorsal aspect. 

Since the vertebral arches and spinous processes are not completely ossified in early life, most 

intraspinal structures can be visualized. In patients with ARM, a spinal ultrasound can be performed 

up to 3-4 months of age, after which the vertebral arches become ossified and it is difficult to assess 

the spinal cord [17, 18].  In the newborn, the tip of the conus medullaris lies at the level of L3, 

reaching the adult level (between L1-L2) within two months. A position of the conus below L2-L3 is 

considered pathologic and is called low-lying conus medullaris (LLC). The localization of the conus is 

related to the iliac crest (L4) and to the last rib (L2).  

High resolution ultrasound can detect LLC, sacral and spinal malformations and is considered an 

appropriate screening method for spinal malformations[19, 20]. A tethered cord can be seen with 

ultrasound as an abnormal position of the fixed conus medullaris (Fig. 1), which is low, atypically 

shaped, dorsally displaced and has impaired movement during respiration. The filum terminale is 

thickened and there is a caudal soft tissue mass. A tethered cord visualized with MRI is shown in Fig. 

2.  

Approximately 10-12 children with ARM are referred to our department each year. Routinely, these 

newborns are screened by spinal ultrasound for associated spinal malformations. At other 

departments, a MRI of the spine and spinal cord is performed instead, since it is considered to be a 

more efficient diagnostic modality to detect these malformations. A consequence of MRI is that the 

children usually must be anesthetized or sedated for optimal image quality. MRI, especially with 

anesthesia is more expensive than a spinal ultrasound.  Another MRI dilemma is that more anomalies 

than those requiring treatment or monitoring are discovered, which can concern the parents and 

often lead to repeated MRI- investigations.  

At our department, spinal ultrasound has been performed in patients with ARM since around the 

year 2000. If the spinal ultrasound is pathological or if there are clinical signs of spinal cord tethering, 

an additional MRI is performed. The aim of this study was to retrospectively evaluate if spinal 

ultrasound has been an appropriate screening method in patients with ARM.  Have all the children 

with ARM performed a spinal ultrasound according to the protocol? How many of the children with 

ARM have exhibited a pathological spinal ultrasound? Can spinal malformations be ruled out using 



7 
 

ultrasound screening? Should we continue performing spinal ultrasound in patients with ARM or 

should we use MRI as first line imaging? 

Our hypothesis was that spinal ultrasound is an inexpensive investigation that minimizes the number 

of patients with ARM that has to undergo a MRI for further investigation of the spinal cord.  

 

Fig. 1. Spinal ultrasound of a two week-old girl with tethered cord. The conus medullaris (short arrow) is lying 
pathologically low at vertebra L3 (arrowhead), and there is a lipoma of the filum terminale dorsally in spinal canal (long 
arrow). Courtesy of Akademiska hospital, Uppsala 

 

 

 
 

 

 

 

 

 

 

 

Fig. 2. The same girl as in Fig 1. at MRI sagittal T2-weighted image. There is a tethered cord with a 
low lying conus at vertebra S1 (black arrow) and a filum terminale lipoma visible as a high signal 
dorsally in the spinal canal (white arrow). Courtesy of Akademiska hospital, Uppsala 
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Material and methods 
Retrospective review of hospital records of 153 patients operated for ARM at our department 2000-

2012. The children were identified in three ways: (1) the code for spinal ultrasound (96000) at the 

department of Diagnostic Radiology, (2) by the diagnosis codes for ARM (Q42.0, Q42.1, Q42.2, Q42.3, 

Q43.7) according to ICD-10 (International Classification of Diseases) and (3) through the operation 

codes for sigmoideostomy, limited PSARP or “cut-back”, and PSARP (JEF26, JHC50, and JGC40, 

respectively, NOMESCO- Classification of Surgical procedures 46:1996) from Uppsala County 

Council’s out-data unit. Exclusion criteria were children suspected have ARM, but the diagnosis was 

not verified, and children subjected to spinal ultrasound without having ARM.  

Data on gestational age, sex, type of ARM according to the Krickenbeck classification, all radiological 

imaging performed including spinal ultrasound and MRI, and associated malformations found, were 

extracted. Boys with rectobulbar or rectoprostatic fistulas were classified as ARM with rectourethral 

fistula. We also documented the current cost of spinal ultrasound and MRI performed on a sedated 

or anesthetized child.  

The study was approved by the regional ethical committee in Uppsala on February 20, February 

2013.  

Associated congenital anomalies were classified in six groups based on organ system involvement 

(Table 2). 

Table 2. Associated malformations in children with ARM 

Organ system Anomaly 

Urogenital  Single kidney, vesicoureteric reflux, 
cryptorchism, hypospadia, bifid scrotum, 
multicystic kidney, renal dysplasia 

Cardiovascular ASD, VSD, coarctatio aortae, patent ductus 
arteriosus, Complete AV-defect, Tetralogy of 
Fallot  

Axial skeleton  Sacral and/or coccygeal agenesis, butterfly- 
hemi- or block vertebrae 

Extremity  Radial aplasia, thumb aplasia, polydactylia, 
syndactylia 

Spinal cord malformation Intraspinal lipoma, myelomeningocele, ventral 
meningocele, tethered cord, Arnold Chiari 
malformation 

Gastrointestinal Esophageal atresia w/o tracheoesophageal 
fistula, duodenal obstruction, small bowel 
atresia, pouch colon 

VACTERL Association of organ malformations: V=vertebral 
, A=anorectal, C=cardiac, T=tracheoesophageal 
fistula, E=esophageal atresia, R=renal, L=limb, 
malformation in 3/5 organs for classification 
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Results 
Of 153 patients, spinal ultrasound had been performed in 51 patients. Forty eight of these patients 

were born 2006 or afterwards. We therefore designated 2006 as a starting point. The study 

population was thus the 75 patients born 2006-2012. Forty-eight patients had been subjected to 

spinal ultrasound in the newborn period for screening spinal malformations, and 27 patients had not 

(Figure 3). The ultrasounds performed were divided in normal, pathological and inconclusive. In total, 

14 patients had spinal malformations. There were 42 (56%) boys and 33 (44%) girls. 

 

Figure 3. Patients with ultrasound performed and not performed  

Table 3. Patients with ARM according to the Krickenbeck classification 

Classification of ARM Male (n) Female (n) Total (n) 
Frequency 
total 

Frequency 
male Frequency female 

Perineal fistula 22 10 32 42.7% 52.4% 30.3% 

Rectovestibular fistula 
 

17 17 22.7% 
 

51.5% 

Rectourethral fistula 7 
 

7 9.3% 16.7% 
 Imperforate anus with no 

fistula 9 2 11 14.7% 21.4% 6.1% 

Cloaca 
 

2 2 2.7% 
 

6.1% 

Anal stenosis 1 1 2 2.7% 2.4% 3.0% 

Rare variants 3 1 4 5.3% 7.1% 3.0% 

Total 42 33 75 100.0% 100% 100.0% 

 

 The patients were classified according to the Krickenbeck classification (Table 3).The most common 

type of ARM in all was perineal fistula in 32 patients (42.7%). In boys, the most common type was 

perineal fistula (52.4%), followed by imperforate anus with no fistula (21.4%). The most common 

type of ARM in girls was rectovestibular fistula (51.5%) while perineal fistula was the next most 

common (30.3%). Two patients had a cloaca. No patient in our group had a rectovesical fistula. 

Among the rare variants, two had cloacal extrophy, one had a transscrotal fistula and one had funnel 

anus.  

Patients 2000-
2012 

153 

Patients 2006-
2012 

75 

Ultrasound not 
performed 

48 

Normal 

27 

Spinal 
malformations 

1 

Pathological 

8 

Spinal 
malformations 

7  

Inconclusive 

13 

Spinal 
malformations 

4 

Ultrasound 
performed 

27 

Spinal 
malformations 

 2 
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 The mean weight at birth was 3.08 kg (range 0.75-4.61 kg) and 16 of the children were prematurely 

born. Seventy-one patients received full Apgar scores (8-9-10 or higher), and the four that did not 

were prematurely born, of which one was extremely prematurely born (gestational week 27+2) and 

had Prune belly syndrome and coarctatio aortae in addition.  

Table 4. Associated congenital malformations by organ system 

Organ system Patients (n) Frequency 

Urogenital  20 26.7% 

Cardiovascular  18 24.0% 

Axial skeleton  17 22.7% 

Extremity  14 18.7% 

Spinal  14 18.7% 

VACTERL association 12 16.0% 

Gastrointestinal 11 14.7% 

Syndrome/mental retardation 9 12.0% 

Any malformation 43 57.3% 

 Of 75 patients, 43 (57.3%) had one or more other congenital malformations (Table 4). The most 

frequent anomalies found were urogenital (26.7%; single kidney, VUR, cryptorchism and hypospadia) 

and cardiovascular malformations (24.0%; ASD and PDA). Of the nine patients with syndromes, four 

had Down syndrome. Eight out of twelve patients with spinal malformations had tethered cord, 

which is equal to 10.7% of the total population of 75 patients. Three patients with tethered cord 

underwent detethering surgery, in the other expectancy was chosen in the absence of symptoms of 

tethering. Twelve patients (16%) had VACTERL association.     

Table 5. Findings at spinal ultrasound 

Spinal ultrasounds were divided in three 

categories; normal, pathological and 

inconclusive (Table 5).The majority of the 

patients had a normal spinal cord. In eight of 

the inconclusive cases, the spine was 

ossified, excluding dorsal insight of the 

spinal cord. In the other five, the spinal cord was difficult to visualize and the level of the conus 

medullaris could not be determined.  

Table 6. Different spinal cord malformations detected with spinal ultrasound and subsequent MRI, respectively 

Type of malformation found Ultrasound MRI 

Low lying cord 7 4 

Myelomeningocele 2 2 

Lipoma of filum terminale 1 5 

Dorsally displaced conus 1 
 Tethered cord 

 
7 

Ventral meningocele 
 

7 

Number of anomalies  11 25 

Patients with pathological results  8 11 

 

Of the eight patients with pathological ultrasound, seven subsequently performed a MRI. One did not 

show up to MRI. All seven MRI were pathological. Of the 13 inconclusive cases, five patients 

Findings at spinal 
ultrasound Patients (n) Frequency 

Normal 27 56.3% 

Pathological 8 16.7% 

Inconclusive 13 27.1% 

Total  48 100% 
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subsequently performed MRI, of which four were pathological and one was normal (Table 6). The 

pathological results are seen in table 6. The pathological findings were low lying cord, 

myelomeningocele, lipoma of the filum terminale and dorsally displaced conus. In addition to these, 

MRI diagnosed tethered cord and ventral meningocele.  MRI discovered 25 anomalies in 11 patients, 

and seven of these patients had tethered cord.  

 Of the 27 patients with normal ultrasound, two performed MRI because of extensive vertebral 

malformations. One MRI was normal, and the other showed spinal cord malformations. 

Table 7. Reasons for spinal ultrasound report not being retrieved in hospital records  

Reasons for not performing spinal US Patients (n) Frequency 

MRI performed instead 7 25.9% 

Follow-up in local hospital 8 29.6% 

US ordered but not performed 4 14.8% 

Other radiological investigation 
performed (e.g. plain x-ray) 8 29.6% 

Total 27 100.0% 

Of the 27 patients who did not perform a spinal ultrasound, seven had a MRI performed instead, five 

of which were normal, while two had tethered cord and spina bifida, respectively (Table 7). In four 

patients, referral for spinal ultrasound was made, but not the examination, usually because the 

patient had returned to its local hospital.  In eight patients, a radiograph of the thoracic, lumbar and 

sacral spine, a computed tomography or other radiological investigation was performed, and the 

spinal ultrasound was considered superfluous.  In eight cases, the work-up was relayed to the local 

hospital, but reports of an eventual spinal ultrasound were not conveyed to our department.  

Table 8. Distribution with spinal cord malformations at ultrasound and MRI 

 Number of patients Spinal cord malformations 
found in MRI (number of 
patients) 

Ultrasound performed   

 Normal 27 1 

 Pathologic 8 7 

 inconclusive 13 4 

Ultrasound not performed 27 2 
Total patients (n) 75 14 

A spinal ultrasound performed in our hospital costs 167 USD while MRI of the spine costs 1,695 USD.  

Additional cost for anesthesia in MRI is of anesthetizing the child for a MRI is 1,742 USD. 
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Discussion 
ARM comprises a spectrum from healthy babies to syndromes with multiple malformations. By using 

three different paths (by diagnosis, by surgical records and by records of spinal ultrasounds) it is 

likely that most patients with ARM were identified during the time period. In our study, we had 56% 

boys and 44% girls. Most patients were born at term, had normal birth weight and full Apgar scores, 

which is in accordance with the literature. The frequencies of different ARM and of associated 

malformations in our study were also similar to other reports [13]. In our study, perineal fistula was 

most common (42.7%). More than half of the patients (57.3%) had at least one associated 

malformation of which urogenital malformations were most frequent (26.7%) followed by 

cardiovascular malformations (24.0%). Nah et al. however, reported higher incidence of associated 

malformations (78%), where urogenital malformations were seen in 28%, CNS malformations in 26%, 

cardiovascular malformations in 19% and other malformations in 26% of children with ARM.  

In conclusion, the 75 patients included in our study are representative of the spectrum of ARM and it 

is likely that more malformations will be detected with more extensive work-up.  

Spinal ultrasound was performed in 48 out of 75 patients, but 27 (36%) were not subjected to 

ultrasound according to our current work-up. Of the patients that had performed ultrasound, 27 

patients had normal results, while eight were pathological. Subsequent MRI was made in seven (one 

was lost to follow-up) and MRI confirmed spinal cord malformations in all cases. In one patient with a 

normal spinal ultrasound, a MRI was performed due to vertebral malformations, and showed a spinal 

cord malformation; i.e. the patient had a falsely negative spinal ultrasound. Since not all patients that 

had performed a spinal ultrasound did undergo MRI, we could not quantify the sensitivity, specificity, 

positive or negative predictive value of spinal ultrasound in patients with ARM. 

According to Lewitt and Peña [4, 12],a spinal ultrasound during the first months of life and MRI 

thereafter are useful diagnostic methods to detect spinal malformations in patients with ARM. Spinal 

ultrasound is often considered an efficient screening method for spinal malformations[15], followed 

by MRI in cases of pathological or equivocal findings. This opinion does not seem to be evidence-

based. There are in fact, only three studies that have studied the sensitivity, specificity, positive and 

negative predictive values of spinal ultrasound for the detection of spinal malformations in patients 

with ARM (Table 9), and data are contradictory.  

Table 9 Properties of ultrasound in detecting spinal malformations  

 Seow et al. (2012 [15]) 
n=101 

Kim et al. (2010 [11]) 
n=120 

Chern et al. (2012 [21]) 
n=103 

Sensitivity 70.6% 27% 76.9% 
Specificity 96.2% 100% 77% 
PPV 93% “high” - 
NPV 80% “low” - 

 

In a small study (n=38) by Rohrschneider  et al., the diagnostic accuracy of spinal ultrasound to detect 

spinal malformations was considered to be equal to that of MRI [22]. Spinal ultrasound was 

recommended as primary imaging modality for the detection of spinal malformations in infants.  In a 

recent study with 103 patients (of which 14 had ARM), Chern et al. concluded that spinal ultrasound 

has low sensitivity to detect spinal malformations and abnormal ultrasound findings need to be 
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confirmed with MRI [21] . With MRI as a reference, the sensitivity of spinal ultrasound for thickened 

or fatty filum terminale was only 20 and 40%, respectively, although the sensitivity for low-lying 

conus was higher (76.9%). The specificity was high (86.7, 89.7 and 77.6%, respectively). Kim et al. [11] 

recommend that  all patients with ARM should be screened for spinal malformations with MRI as the 

diagnostic method of choice because of the low sensitivity (27%) of ultrasound for spinal 

malformations[21].  

In contrast, Seow et al. [15], considered spinal ultrasound an appropriate screening method for low 

lying spinal cord and MRI should be performed if the ultrasound is pathological or if there are 

symptoms of a tethered cord. In the studies by Kim et al. and Seow et al., all patients with ARM had 

performed both spinal ultrasound and MRI.  

In our study, 13 out of 48 patients (27.1%) had inconclusive spinal ultrasounds. If the spinal cord is 

difficult to visualize the pediatric surgeon in charge of the patient can not exclude spinal 

malformations. Eight of these patients were too old for spinal ultrasound and should have done a 

MRI in the first place, which is not known to all surgeons. Therefore only five of the inconclusive 

cases underwent MRI to rule out spinal malformations, and eight were not investigated further, due 

to a false or true impression of normal spinal cords.  One explanation for the rather low incidence of 

tethered cord in our study (10.7% compared to 24%[12]) can be that surgeons failed to do a proper 

work-up. Knowledge of the importance of the patient’s age at examination, the experience of the 

radiologist performing the examination and the spinal malformations specified in the referral to be 

confirmed or ruled out may improve the work-up for children with ARM. 

When we re-examined our spinal ultrasound reports we concluded that 13/48 (27.1%) did not give 

sufficient information for ruling out spinal malformations.  

Spinal ultrasound has been recommended for all patients with ARM in our hospital guidelines, but 27 

out of 75 patients did not perform it. The most common reasons for not doing spinal ultrasound was 

(1) that the patient had performed another radiological examination of the back such as MRI, CT of 

thorax and abdomen, or a plain radiograph of the lumbar vertebrae and sacrum, (2) that a spinal 

ultrasound was planned, but the patient returned to its local hospital, and the information of 

whether a spinal ultrasound was done or not was lost to us.  

In total, there were 14 patients (18.7%) with spinal cord malformations in our study (table 8). Fifty 

percent of these patients had spinal cord malformations on spinal ultrasound that were confirmed 

with MRI. This indicates that spinal ultrasound has high specificity. On the other hand, 50% of 

patients with spinal cord malformations had normal or inconclusive ultrasound, or were not 

subjected to spinal ultrasound. In summary, we conclude that spinal ultrasound in patients with ARM 

was not performed according to guidelines (36%) and was often inconclusive (27%) in our clinical 

practice.  

Our study has several limitations; it is a retrospective review of hospital records and a small study 

population. A prospective study of ARM patients that are subjected to both spinal ultrasound and 

subsequent MRI of the spine and spinal cord would define the role of spinal ultrasound in detecting 

spinal malformations by performing a binary classification test where sensitivity, specificity, PPV and 

NPV could be calculated.  The spinal ultrasounds should preferably be performed by one, dedicated 

radiologist during the first three months after birth.  
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Imaging with MRI has a role in ARM due to its imaging capabilities which gives visualization of the 

rectum and pelvic musculature and thus allows determination of the level and type of ARM [23].  

MRI of the back allows visualization of the spine and spinal cord without ionizing radiation and can 

accurately detect the presence and location of spinal malformations such as tethered cord, caudal 

regression syndrome and lipoma of the filum terminale [24].  MRI has excellent resolution of soft 

tissue of the neuromuscular and skeletal system and is also sensitive in detecting urogenital and 

sacral malformations[25]. It can be done regardless of the patient’s age, and images can be 

transferred between hospitals and be re-examined. Spinal malformations are found in 25% of all 

patients with ARM, with an even higher incidence in cloacas, sacral malformations, and children with 

urogenital malformations. Despite MRI being more expensive than spinal ultrasound, we believe that 

detecting spinal malformations makes MRI cost-effective in children with ARM.  

Conclusion 
Although spinal ultrasound is considered an appropriate screening method for spinal malformations 

in ARM, we found that ultrasound was inconclusive in 27.1% of the patients. Spinal malformations 

were also found in patients with normal ultrasounds and in patients that had not performed 

ultrasound. Spinal ultrasound is dependent on the radiologists experience, the patient and the 

equipment. If one or more factor fails, falsely negative results can occur. We therefore consider 

spinal ultrasound to be an inappropriate screening method for spinal malformations in patients with 

ARM. 

Until prospective, randomized trials can demonstrate the role of spinal ultrasound, we recommend 

that MRI should be used for detection of spinal malformations in patients with ARM.  
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