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PRACTICE GAPS

Spinal cord injury in the neonate is rare, and diagnosis is often delayed. Early
recognition is paramount to determine the specific cause, manage clinical
complications, and prevent continued injury to the spinal cord.

OBJECTIVES After completing this article, readers should be able to:

1. Describe the signs and symptoms of spinal cord injury in a neonate.

2. Describe the etiologies of neonatal spinal cord injuries and explain when
additional neurodiagnostic testing is required.

3. Recognize risk factors that can predispose neonates to spinal cord
injuries.

ABSTRACT

Neonatal spinal cord injury is rare, and diagnosis is often delayed. The causes

of spinal cord injury are quite broad including mechanical trauma, ischemia

in the prenatal or perinatal period, iatrogenic causes, or other etiologies

such as spinal abnormalities or neoplasms. The perinatal history and specific

physical examination findings can suggest a diagnosis of neonatal spinal

cord injury, which warrants confirmation by magnetic resonance imaging.

Management involves supportive care and physical and occupational

therapy. Early recognition is paramount to determine the specific cause,

manage clinical complications, and prevent continued injury to the spinal

cord. In this review, we provide 4 case examples that demonstrate the com-

plex clinical presentations of neonatal spinal cord injury and, at times, the

uncertainty of finding a specific mechanism of injury.
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ABBREVIATIONS

CT computed tomography
MRI magnetic resonance imaging
PICC peripherally inserted central

catheter
SSEH spontaneous spinal epidural

hematoma
SSEPs somatosensory evoked potentials
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INTRODUCTION

Spinal cord injury in neonates is a rare and often underrecog-

nized condition, and as a result, its incidence and prevalence

are difficult to ascertain. The etiology of spinal cord injury is

heterogeneous, leading to a delay in diagnosis and differing

management and outcomes. The outcomes can be neurologi-

cally devastating depending on the level and extent of the

injury. Affected neonates can manifest with varied symp-

toms including respiratory insufficiency, hypotonia, limb

paralysis, neurogenic bowel and bladder dysfunction, and

sensory deficits. Neonates can also present subtle findings

of mild weakness, often mistaken for brachial plexus injury.

In this review, we summarize the etiopathogenesis of

neonatal spinal cord injuries and clinical manifestations,

the evaluation during the acute phase, the approach to longi-

tudinal care, and the outcomes of affected children. This dis-

ease is uncommon in neonates, so the discussion that follows

is limited to the outcomes of surviving patients and excludes

those with congenital spinal malformations. We describe 4

cases that demonstrate the complex clinical presentations

of neonatal spinal cord injury and at times, the uncertainty

of finding a specific mechanism of injury.

Case 1

A female infant born at 35 weeks and 1 day of gestation was

found to have decreased lower extremity movements at

10 days of age. Her fetal course was complicated by suspicion

of cloacae and limited prenatal care. A fetal ultrasonography

at 33 weeks’ gestation showed excessive cervical spine hyper-

extension with a normal biophysical profile (Figure 1A).

During a follow-up appointment at 35 weeks and 1 day of ges-

tation, monitoring revealed a nonreassuring heart rate and

breech presentation requiring emergent cesarean section.

The infant emergedwithout respiratory effort and a low heart

rate without spontaneous activity. The Apgar scores were 1, 1,

2, and 6 at 1, 5, 10, and 15 minutes of age, respectively. The

umbilical cord gas had a pH of 6.7 with an undocumented

base deficit (note: uncertain if this was an arterial or venous

sample).

The infant’s neonatal intensive care unit course was com-

plicated by hypoglycemia, respiratory insufficiency requiring

oscillator support due to pulmonary hypoplasia, hydrometro-

colpos, imperforate anus, and a liver capsule laceration dur-

ing exploratory laparotomy requiring a large transfusion. She

required urogenital surgery at 4 days of age with partial

removal of the longitudinal vaginal septum and repair of the

vagina with placement of a vesicostomy, colostomy, and vag-

inostomy. On postoperative day 5, her lower extremity exami-

nation was notable for lack of movements to noxious stimuli

and absence of reflexes. Her upper extremities had intact

biceps reflexes and antigravity movements bilaterally but

with decreased movements of the left arm. Her spinal mag-

netic resonance imaging (MRI) results revealed relatively

extensive abnormal T2 signal within the cord, with gray mat-

ter involvement suggesting spinal cord infarct (Figure 1B–E).

The brain MRI was notable for mildly small brain measure-

ments and delayedmyelination; signal changes suggestive of

acute or subacute injuries were absent.

Case 2

A female infant born at 40 weeks and 6 days’ gestation pre-

sented with severe hypoxic-ischemic encephalopathy due to a

nonreassuring fetal heart rate and received therapeutic hypo-

thermia for 72 hours. Acute symptomatic seizures compli-

cated her course. Her examination was notable for diffuse

hypotonia, minimal spontaneous movements, and moderate

encephalopathy. The results of her brain MRI at 14 days of

age revealed extensive cortical and subcortical injuries and

diffuse upper cervical cord edema from the level of the fora-

men magnum to the upper C4 level (Figure 1F).

Case 3

A male infant born at 30 weeks and 4 days’ gestation had a

delivery complicated by placental abruption and hypoxic-

ischemic encephalopathy with an Apgar score of 0, 0, 0,

and 3 at 1, 5, 10, and 15 minutes of age, respectively. He

had an initial blood gas of pH 6.55 at 26 minutes of age.

His course was complicated by intestinal perforation requir-

ing ileostomy and intraventricular hemorrhage. His neuro-

logical examination was notable for diffuse hypotonia,

absence of spontaneousmovements of the lower extremities,

and stereotyped flexion of the knees and ankles. The infant’s

cremasteric and anocutaneous reflexes were absent. The

results of the brain MRI demonstrated the known intraven-

tricular hemorrhage with moderate ventriculomegaly and

extensive cerebral white matter edema. The results of the

MRI of the spine corroborated the clinical findings, with dif-

fusion restriction from T9 extending to the conus, sug-

gesting a lower spinal cord infarct (Figure 1G).

Case 4

A 7-week-old boy born at 24 weeks and 5 days’ gestation was

noted to have decreased spontaneous movements of bilateral

lower extremities and flaccid hypotonia, with sparing of the

upper extremities. His course was complicated by intestinal

perforation requiring parenteral nutrition and prolonged

sedation requirements confounding examinations. His

peripherally inserted central catheter (PICC) line was first

noted to be in the posterior position at the level of T9-T10

after 11 days from placement and was thus removed and

replaced on the contralateral side (Figure 1H). It was a
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week later that decreased movements were noted after

decreasing sedating medications, which prompted a neurol-

ogy consultation. The results of the MRI of his spine

demonstrated marked spinal cord volume loss from C7-

T11 (Figure 1I–K).

PREVALENCE AND CLINICAL SIGNIFICANCE

Neonatal spinal cord injuries are exceedingly rare; thus, it is

difficult to quantify the exact incidence. In a review of 900

necropsies of neonates with unknown causes of death over

11 years, 10% had spinal cord lesions, notably in preterm

infants and in cases complicated by systemic hypoperfusion

resulting in shock,1 whereas cervical cord distortional trauma

was found in 45% of another cohort of 60 stillbirths or neo-

natal deaths (with the exclusion of fetuses with evidence of

congenital malformations on gross examination).2 A recent

estimate suggests an incidence in the range of 1 case per

29 000 births3 to 1 case per 80 000 births.4

The etiology of neonatal spinal cord injury is broad. Some

authors have divided this disease process into primarymech-

anisms associated with traumatic injury to the cord and

secondary injury due to hypoxic ischemia or inflammatory

processes.5 In this review, we refine this classification to

categories based on the etiology, which can then direct

management and potential intervention. The categories are

as follows:

• Mechanical trauma due to excessive traction or

instrumentation;

• Ischemia due to systemic conditions or thromboembolic

phenomena;

• Vascular occlusion due to iatrogenic factors; and

• Mechanical compression, which can encompass rare dis-

ease processes that cause spinal impingement.

Mechanical Trauma

The most common injury to the neonatal spinal cord

reported in the literature is mechanical trauma, likely from

excessive rotation, traction, and hyperextension of the new-

born’s neck during delivery, and is illustrated in case 1

(see Figure 1A). Prior studies relied on postmortem

FIGURE 1. (A) Case 1: Fetal ultrasonography at 33 weeks and
6 days’ gestational age demonstrated excessive cervical spine
hyperextension. The biophysical profile was normal. (B,C) Case 1:
Postnatal sagittal (left) and axial (right) T2 sequences with abnormal
hyperintensity at the left C4-C6 spinal cord (arrows), presumed
secondary to fetal neck hyperextension. (D,E) Case 1: Postnatal
sagittal (left) and axial (right) T2 sequences with abnormal T2 signal
in the lower spinal cord gray matter (red box, arrows). The results of
the brain magnetic resonance imaging (MRI) (not shown) revealed
diffusely reduced brain volume and hypomyelination but no acute or
subacute injuries. (F) Case 2: MRI sagittal T2 sequence through the
brain and upper cord, demonstrating spinal cord edema from the
level of the foramen magnum to the upper C4 level (arrows). Diffuse
cerebral injuries and reduced brain volume were present, partially
visualized on this midline image (orange asterisks indicate abnormal
subcortical white matter T2 hyperintensity and thinning of the
callosal body). (G) Case 3: Sagittal spine diffusion-weighted imaging
with high diffusion signal in the spinal cord starting at T9 and

extending to the conus (arrows), suggestive of ischemic changes.
(H) Case 4: Radiograph of peripherally inserted central catheter line
coursing posterosuperiorly to T9-T10 (arrows), likely going into the
lumbar vein. (I-K) Case 4: Follow-up MRI of the spine with sagittal T1
(top left) disclosing extensive cord hemorrhage or necrosis (arrows).
Sagittal T2 (top right) with extensive cord atrophy (arrowheads) and
large epidural collection (arrows). An axial T2 view (bottom) with
abnormal triangular cord contour, consistent with cord atrophy
(arrows).

NeoReviewse732

Downloaded from http://publications.aap.org/neoreviews/article-pdf/26/11/e730/1886536/neoreviews.022025cmerev00038.pdf
by BINASSS (CAJA CONSTARRICENSE DE SEGURO SOCIAL) user
on 20 November 2025



investigations to evaluate the incidence of perinatal traumatic

cord injury. One study at a referring hospital over 1 year

found an incidence of at least 12% of all neonatal deaths,

including premature and full-term infants, that involved

some damage to the cervical cord.6 The decrease in rates

of premature delivery, as well as obstetrical advancements

that balance the urgency and force required to deliver a fetus

at risk for birth asphyxia with conversion to cesarean section,

have decreased the number and degree of neonatal spinal

cord injuries.3

The major sites of injury in breech delivery involve the

lower cervical and upper thoracic cord, whereas a vertex deliv-

ery may produce injury to the upper and mid-cervical spine.7

Often, neonates with spinal cord injuries resulting from a

mechanical cause are accompanied by epidural or intraspinal

hemorrhage with vertebral fracture or dislocation, which

can result in spinal cord transection and nontransection

lesions.8,9

Premature infants are inherently at risk of mechanical

injury due to the elasticity of the paraspinal soft tissues,

immature musculature around the spine, horizontal facet

positioning, and relatively large-sized heads that may

become entrapped in an incompletely dilated cervix.10

Many clinicians within the disciplines of pediatrics, ortho-

pedics, neurosurgery, and pediatric neurology speculate that

the laxity of the developing spine and spinal cord is a causal

mechanism of prenatal spinal cord injury.7,10

Persistent cervical hyperextension in utero also predis-

poses to injury due to the sudden neck flexion required for

vaginal delivery or cesarean section; the spinal cord injury

results from mechanical trauma due to prolonged cord

compression or transection or from presumed vascular

occlusion due to hyperextension (as in Figure 1A).11–17

Instrumentation use, such as forceps and manual force,

has also caused upper cervical and thoracic cord injuries

from lateral or longitudinal traction and pressure mecha-

nisms,7 whereas rotational forces are typically present with

high cervical spine injuries.18,19 Torsional injury may occur

with forceps-associated rotation of the head greater than

90°,19 in addition to shoulder dystocia20 and excessive trac-

tion of the head.

Ischemic Injury

In Utero Ischemia

Prenatal spinal cord ischemic injury may be suspected in

cases of localized spinal cord injury when the finding ofmye-

lomalacia (softening of the spinal cord, a chronic sequela to

cord injury) is present in the neonatal period. Intrauterine

ischemia to the spinal cord often impacts the lower cervical

region, presumably from the variable blood supply from the

subclavian artery feeding to a plexus-like arrangement of the

anterior artery supply of the developing spinal cord,most vul-

nerable during the first trimester.21 Some neurologists have

speculated that disruptions in vascular flow during the first

trimester may contribute to localized insults to the spinal

cord, including those limited to the anterior horn cells.22

These cases may be regarded as static and nonfamilial con-

genital cervical spinal muscular atrophy.22,23

Spinal cord injury occurring during the prenatal period

is especially highlighted in situations where the delivery is

uncomplicated and the neonate exhibits signs of cord injury

within the first 24 hours after birth.21,22,24 The timing of cord

injury becomes more nuanced in cases with apparent com-

plications during labor and delivery.25 Because fetuses with

a spinal cord injury may demonstrate clinical signs of dis-

tress leading to emergent intervention,26 a prior prenatal

event may be mistakenly attributed to hypoxia-ischemia

encephalopathy, obstetricmalpractice, or another neuromus-

cular or peripheral nervous system condition.

Hypoxic-Ischemic Injury

Although uncommon, spinal cord injury can occur concur-

rently with central nervous system injuries associated with

hypoxic-ischemic encephalopathy, as is demonstrated by the

infants in cases 2 and 3 (Figure 1F and 1G).27 Prematurity is

an added risk factor, speculated to be due to impaired autor-

egulation of blood flow to the spinal cord, especially in the

setting of a hypoxic insult.1 The cervical and lumbar regions

of the spinal cord have the highest metabolic demands and

thus are at greatest risk of ischemia during episodes of low

oxygen delivery.28 This is supported by a review of necropsies

of infants with neonatal asphyxia in which lesions were

found to be most severe at the thoracolumbar segments

and within the central cord.1 Preterm infants were found

to have more significant infarcts in the “watershed zones”

of the mid and upper thoracic levels.1 The neuropathologic

findings include cortical neuronal necrosis, white matter

injury, and spinal cord gray matter ischemic necrosis with

presumed anterior horn cell involvement correlated with

electromyographic data.29 These findings highlight the

regions susceptible to spinal cord injury after circulatory

arrest and systemic hypoperfusion.

Iatrogenic

PICC

Central catheters are commonly used for long-term vascular

access for nutrition and medication delivery in critically ill

infants. Unfortunately, misplaced central catheters in the

lumbar veins have been reported in several cases of neonatal

spinal cord injury,30–34 as described in the infant in case 4
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(Figure 1H–K). The ascending lumbar veins arise bilaterally

from the common iliac veins at the level of L5-S1 and drain

into the epidural venous plexus. If a PICC is misplaced, an

anterior-posterior radiograph may be falsely reassuring

and show the line to be at the central location, but a cross-

table lateral view could be helpful to identify a malpositioned

PICC coursing posteriorly toward the thoracolumbar seg-

ments (Figure 1H).35 Aberrant placement of a central catheter

into an ascending lumbar vein can cause vascular conges-

tion, leading to venous hypertension and ischemia within the

spinal cord, and extravasation of fluids such as total paren-

teral nutrition31,34 or air32 into the spinal canal (Figure 1I–K).

The presentation can vary, and often an evaluation for sepsis

is initiated in these neonates until further investigation

reveals the diagnosis. Reported symptoms include flaccid

paraplegia, myoclonic movements of the affected limbs, and

clinical signs of distress, including lethargy pallor due to poor

perfusion and respiratory distress.32,33,36,37 Outcomes largely

depend on the timing of recognizing the diagnosis of a

misplaced catheter and can range from complete recovery

to irrecoverable paralysis.31,32,34

Umbilical Artery Catheters

Vascular complications from umbilical artery catheters are

widely known and can range from vasospasm to thromboem-

bolic phenomena involving the aorta, renal, mesenteric, and

iliac vessels that can lead to end-organ ischemia.35 Rarely, spi-

nal cord infarction by occlusion of the anterior spinal artery

has been recognized as an additional complication. Causes

include embolic occlusion of the arterial supply, poor cardiac

output, hemodynamic instability, and use of hypertonic sol-

utions or blood transfusions in a high-positioned umbilical

artery catheter tip.36,37

Compressive Lesions

There are various potential sources that could lead to com-

pressive injury of the spinal cord. These etiologies can be dif-

ficult to ascertain during the initial presentation until more

dedicated spinal imaging can be obtained, especially in cases

of an uncomplicated pregnancy with an atraumatic delivery.

Accumulation of hemorrhage, vertebral anomalies, or mass

lesionsmay cause amass effect on the spinal cord and lead to

spinal cord injury. Subdural, epidural, and intramedullary

spinal hemorrhages have all been reported in neonates.38,39

Hemorrhage can be spontaneous, as in spontaneous spinal

epidural hematoma (SSEH), or secondary to underlying

vascular malformations or neoplasms.40–42 In addition,

pathological examination of the compressive lesion can

reveal the most accurate diagnosis in the setting of an

ambiguous clinical history or nondiagnostic imaging, such

as in the reported cases of perinatal hemorrhage from an

arteriovenous malformation40 and congenital capillary

hemangioblastoma extending from C1–C5.41

A compressive lesion may be more amenable than other

etiologies to intervention, with timely decompressive sur-

geries to rescue spinal cord tissue and save functionality.

Subacute onset of SSEH can also present with diffuse hypo-

tonia and lower extremity weakness. Billingham and col-

leagues described a case of a 1-day-old neonate born via an

uncomplicated preterm breech delivery in which a T8 epi-

dural hematoma extending to the conus medullaris at L2

and a subdural hematoma from T7 to L2 were found.10 The

presumed pathophysiologic mechanisms of SSEH in this

infant were related to increased thoracoabdominal pressure

during delivery. A laminectomy was performed to evacuate

the epidural and subdural hematomas. The infant was able

to recover bladder function but had persistent lower extrem-

ity weakness at 1 year of age. Two reported cases highlight

the importance of timely diagnosis and surgical intervention,

where urgent evacuation of the hematoma resulted in near-

complete neurologic recovery in 1 newborn with a prenatal

diagnosis of cervical hemorrhage and in another newborn

with an intramedullary hematoma.42,43

HISTORY AND PHYSICAL EXAMINATION

Clinical Presentation and Differential Diagnosis

The differential diagnosis of an infant with flaccid weakness

includes hypoxic-ischemic encephalopathy, sepsis, spinal

cord injury, peripheral nervous system injury, or neuromus-

cular disease. Acute flaccid paraplegia or tetraplegia is the

most common presentation of neonatal spinal cord in-

jury.4,6,7 Other symptoms can be present, including urinary

retention, areflexia, lack of sensation, respiratory failure, and

apnea.6 When these signs are present soon after birth, they

are commonly attributed to a perinatal hypoxic-ischemic

encephalopathy. Persistent paraplegia without encephalopa-

thy or with improving encephalopathy should lead clinicians

to expand the differential diagnosis. An astute neonatal neu-

rologic examination can distinguish paraplegia from

encephalopathy, but serial examinations may be necessary.

Neonatal spinal cord injury may also be initially misinter-

preted as brachial plexus injury, a common injury of the

peripheral nervous system typically suspected in a newborn

presenting with flaccid paralysis of an upper extremity. It is

often associated with a history of obstructed delivery but is

more difficult to ascertain in cases of uncomplicated labor

and delivery with cephalic presentation. However, bilateral

limb involvement, or associated clinical findings of respira-

tory depression, hoarse voice, and feeding difficulties are
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signs to the clinician to expand the differential diagnoses to

include spinal cord injury. The timing of the presentation

can also aid in the differential diagnosis. If acute flaccid para-

plegia develops after the initial perinatal period, other eti-

ologies should be considered.

Figure 2 is a possible approach to evaluate neonates with a

suspected spinal cord injury. A careful review of prenatal and

birth history can often guide the clinician to a potential eti-

ology and course of events. Prenatal records with findings

of reduced fetal movements and neck hyperextension on

ultrasonography are relevant. Reduced fetal movements ear-

lier in pregnancy may indicate an earlier injury or develop-

mental anomaly of the spinal cord. Reports of the pregnant

person describing reduced fetal movements preceding labor

may suggest a more immediate in utero event.44 Additional

risk factors that suggest a birth-related spinal cord injury

include breech extraction with a history of fetal neck hyper-

extension or head entrapment in the pelvis with initiation

of delivery.

The Neurologic Examination of the Neonate

Neurologic examination is essential to localize the symptoms

of a critically ill infant to the spinal cord. Bulbar functions

such as grimacing, sucking, swallowing, and eyemovements

are typically preserved in infants with a spinal cord injury

unless there is an associated central etiology such as

hypoxic-ischemic encephalopathy or medullary to high cervi-

cal spinal cord involvement that can impair these func-

tions.45 A neonate may also present with nonspecific

symptoms such as respiratory distress and lethargy that

can be mistaken for sepsis. Respiratory insufficiency requir-

ing mechanical ventilation could occur in neonates with a

spinal cord injury if the phrenic nucleus located at the C3-

C5 level is involved.

Observation is one of the hallmarks of the neonatal neu-

rologic examination. A term neonate’s resting tone should

predominantly be in the flexor position of the extremities,

even in sleep. With light stimulation, a smooth transition

from sleep to wakefulness into a quiet, alert state occurs.

FIGURE 2. Recommended approach to evaluate and treat neonates with suspected acute spinal cord injury.
Abbreviations: CSF, cerebrospinal fluid; MRI, magnetic resonance imaging.
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Poor transition marked by irritability between sleep and

arousal is indicative of encephalopathy. In neonates with a

spinal cord injury, the symmetry, complexity, and variability

of the neonate’s movements can offer clues to the level of

the lesion. Normal movements should be asynchronous

and symmetric and occur in bloc. A newborn with a nonex-

tensive cervical cord injury can present with bilateral arm

weakness, sparing lower extremities, whereas thoracic and

lumbar lesions present with lower extremity weakness, spar-

ing upper extremities. Lesions can also be extensive and

present with tetraplegia or can manifest unilaterally and

affect the ipsilateral side as a monoplegia or hemiplegia.

Eliciting sensory responses with noxious stimuli can also

aid in localization. Grimacing to peripheral noxious stimuli

with no associated withdrawal may suggest sparing of spino-

thalamic tracts and dorsal columns as in the cases of isolated

anterior horn lesions, but a more diffuse process will impair

both the sensory and motor tracts.

Assessment of appendicular and axial tone can be helpful

if a neonatal spinal cord injury is suspected because an acute

or subacute spinal cord injury may present with localizing

hypotonia at the level of the lesion.21,25,27,44,45 The deep ten-

don reflexes may vary depending on the timing of the spinal

injury. During acute spinal shock, the neonate presents with

areflexia or hyporeflexia, which can last days to weeks.45

With a more chronic spinal cord injury, the examination

evolves to hyperreflexia and other signs of upper motor neu-

ron injury, including clonus, hypertonia, and spasticity,

which is typically lifelong.45

An examiner can attempt to localize the spinal cord injury

based on the presence or absence of spinal reflexes. The cre-

masteric reflex comprises the sensory andmotor fibers of the

genitofemoral nerve arising from L1-L2 spinal nerve nuclei.

With an intact reflex, stroking the inner thigh produces an

ipsilateral testicular elevation.46 An anocutaneous reflex, also

known as the anal wink, can be tested by stroking the skin

around the anus and observing the contraction of the external

anal sphincter; this represents an intact circuit between the

pudendal nerve to the S2-S4 spinal segments. Decreased

urine output may suggest an atonic bladder due to injury

involving the level of S2-S4 and can be confirmed with an

abdominal/pelvic ultrasonography, which would show a

large urinary bladder. Priapism can occur with acute lower

cord injuries. Depending on the level of the spinal cord

lesion, certain neonatal reflexes may be diminished or

absent, including the Moro reflex (absence of the reflex bilat-

erally can suggest an upper cervical spinal injury), palmar,

and plantar reflexes (absence of reflexes localizes to L5-S2 spi-

nal level).25,44 An abdominal reflex examination, elicited by

stroking the skin of the lateral abdomen, which results in

contraction of the abdominal musculature leading to move-

ment of the umbilicus, is also used to determine corticospi-

nal level function at T8-T12, but this is unreliable as it can

be physiologically absent in neonates.

DIAGNOSTIC ASSESSMENT

Imaging

In neonates with a spinal cord injury, spinal ultrasonography

is useful during the acute period to evaluate for any hema-

toma within or around the spinal cord, spinal disruption,

ormalalignment of the spinal canal.47 Plain film radiographs

and computed tomography (CT) may show evidence of dis-

tractions, subluxations, or fractures as well as examination

of lines and tubes. Despite the convenience of these initial

imaging modalities, they are inadequate to evaluate the

extent of damage to the spinal cord tissue. Nevertheless,

their utility is still essential during the initial assessment

while awaiting clinical stability to perform more advanced

imaging.

MRI of the brain and spine is considered the gold stan-

dard for imaging spinal cord injury in a neonate to differen-

tiate edema from hemorrhage, evaluate for ischemic injury,

and define the extent of cerebral and spinal cord injury.

The false-negative results of the MRI in the past are likely

due to the iso-intense appearance of hemorrhage to spinal

tissue within the first week after birth.18,47 Modern sequen-

ces include gradient-echo or susceptibility-weighted im-

ages that can differentiate between hemorrhage and edema.

Diffusion-weighted imaging is the most sensitive sequence

for detecting cord infarct, although sensitivity and specificity

are highly contingent on technical factors in the neonatal

cord.48,49

The imaging findings can guide the clinician in counsel-

ing the family regarding prognosis. The results of an early

MRI that reveal a transecting intracord hemorrhage portend

a poor outcome. Isolated edema, regardless of extent, confers

a more variable outcome.50 Imaging that identifies an acute

lesion with a significant amount of hemorrhage or edema

obscuring underlying parenchyma, or imaging that is non-

diagnostic or incongruent with the clinical examination

may warrant repeat imaging after several days or weeks to

clarify prognosis.

Electromyography

Somatosensory evoked potentials (SSEPs) have been used

as an adjunct in localization, trending meaningful recovery

over time, and can approximate functional outcomes.51,52

However, there may be technical challenges in performing

this study in neonates due to their immature central nervous

system requiring higher stimulating voltage and pulse train
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frequency.53 The utility of SSEP in the modern age has

decreased with the use of MRI of the spine, which can better

localize and characterize injury.

Myelography

Before the use of MRI, diagnostic management included CT

myelography as an adjunct to ultrasonography, radiography,

and SSEP. CT myelography can provide useful information

about nerve root injuries and aid in visualization of the spinal

canal as well as any compressive lesions. However, CT

myelography has a high false-negative rate for cord patho-

logy and cannot determine the etiology or extent of cord

injury.54,55 In addition, it is also an invasive procedure with

associated complications from the contrast and requires the

neonate to be clinically stable.

Biopsy

Pathologic examination of the spine and spinal cord can pro-

vide a more definitive diagnosis in cases where the neonatal

clinical presentation can be confounded by simultaneous

hypoxic-ischemic encephalopathy, infection, a history of dif-

ficult delivery, or secondary hemorrhage. Parental consent

for a biopsy may reasonably be difficult to acquire, and the

risks and benefits of such a procedure should be thoroughly

weighed for each case. The literature provides examples of

atypical cases in which pathology can provide evidence for

an etiology, such as in the case of congenital malalignment

of the cervical vertebrae leading to severe medullary com-

pression acquired at birth56 and the examples provided

under the compressive etiologies section.

MANAGEMENT

Early recognition of neonatal spinal cord injury is paramount

to managing clinical complications and preventing ongoing

injury to the spinal cord. The catastrophic presentation of an

extensive spinal cord injury typically includes respiratory fail-

ure requiringmechanical ventilation. There is no established

guideline for the acute management of neonatal spinal cord

injuries, likely due to the rarity of this disease process.

Supportive care and close monitoring to identify and treat

potential complications, including respiratory failure, hemo-

dynamic instability, and autonomic dysfunction, are recom-

mended. Paramount to the care of these neonates is to

initiate early physical therapy in the neonatal intensive care

unit once clinically stable to optimize functionality.

Some authors have used corticosteroids,4,57 erythropoi-

etin5, and therapeutic hypothermia58,59 during the acute

phase of neonatal spinal cord injury, although the use of

these therapies remains controversial. Despite showing ini-

tial promise in animal models60 and human clinical trials,61

these approaches have not resulted in improvement in func-

tional outcomes, and risks include hypertension and hyper-

coagulability. Karthikeyan and colleagues were successful in

trialing custom external orthoses to stabilize perinatal cervi-

cal spine injuries involving ligamentous lesions and frac-

tures in 3 cases.62 However, the use of orthoses may be

restricted to a population with clear spinal bony misalign-

ment, requires expertise in crafting custom-fabricated ortho-

ses, and can lead to adverse consequences that carry negative

implications, including skin breakdown and limiting neuro-

developmental progress.

In cases of spinal cord injury caused by mass effect from

hemorrhages or othermasses, a laminectomymay be consid-

ered for decompression. Timely diagnosis and surgical inter-

vention can impact neurologic recovery.42,43

PROGNOSIS

Limited literature exists regarding early markers for pre-

dicting outcomes, and this long-term functionality largely

depends on the extent of the injury and reversibility of the

etiology. In a series of 22 patients with neonatal spinal cord

injury,MacKinnon and colleagues described the age at which

respiratory function resumed, which correlated with the rate

of recovery of motor function in the first 3 months.18 Initial

improvement may be related to the recovery from spinal

shock and further improvement may be secondary to rein-

nervation. Long-term use of home mechanical ventilation

is common in irreversible injuries sustained at levels above

C4 and has been variably used ranging from full-time to noc-

turnal, only when there is diminished respiratory function

reserve that predisposes the infant to atelectasis and apneic

episodes.63 The motor outcome largely involves quadri-

plegia, although some with incomplete spinal cord injuries

have recovered mobility by partaking in extensive physical

and occupational therapies.18,55,63

Swallowing dysfunction co-exists in infants with respi-

ratory compromise, leading to difficulties in secretion man-

agement and rendering the need for frequent suctioning.

Optimal nutrition is necessary to compensate for the

increased metabolic demand in the setting of respiratory

insufficiency, promote growth to improve chest wall

mechanics, and strengthen immune function. Thus, gastro-

stomy placement should be considered early. Bladder func-

tion is often affected, leading to neurogenic bladder and

requirements of catheterizations.25

KEY POINTS

• The etiology of spinal cord injury in the neonate is broad,

encompassing mechanical trauma, ischemia in the
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prenatal or perinatal periods, iatrogenic causes such as

aberrantly misplaced peripheral or centrally located cathe-

ters, or other sources such as spinal vascular malforma-

tions, neoplasms, or hemorrhage within the spinal canal.

• Aspects of the history such as reductions in fetal move-

ments, prenatal imaging findings including the presence

of fetal neck hyperextension, breech presentation, isolated

flaccid paralysis without encephalopathy, and presence

of abnormalities in neurologic examination may suggest

spinal cord injury.

• Features of the neonatal examination that can signify spi-

nal cord injury include deviations in axial and appendicular

tone, abnormal deep tendon reflexes, changes in spinal

cord reflexes, asymmetry inmovement patterns, abnormal

response to sensation, respiratory insufficiency, and less

often, bulbar dysfunction.

• MRI is the gold standard in the diagnosis of spinal cord

infarction due to its ability to discern between edema and

hemorrhage within the spinal canal. Diagnostic modalities

include imaging such as ultrasonography, CT spine and

myelography, radiography, and electromyography, such

as somatosensory evoked potentials may supplement the

evaluation. Depending on which imaging modality is

employed, false negative findings are possible, including

with MRI. In certain cases, pathological examinations may

be warranted.

• Management of neonatal spinal cord injury involves sup-

portive care with prompt diagnosis as well as rehabilita-

tive services such as physical and occupational therapies.

Other therapies such as corticosteroids, erythropoietin,

and therapeutic hypothermia have been trialed in the

past but are fraught with controversy related to limited effi-

cacy, risk of increased morbidity and mortality with treat-

ment, and inconsistencies in reproducible benefits from a

functional outcome standpoint. Further research is war-

ranted to investigate the degree of efficacy of these

treatments.

• Although the incidence of neonatal spinal cord injury is

rare, prognosis hinges on location/distribution and extent

of the injury as well as whether there is a need for respira-

tory support.

American Board of Pediatrics
Neonatal-Perinatal Content
Specification
• Know the diagnosis, clinical and imaging features,
management, and outcome of spinal cord injury.

• Know how a newborn infant’s posture, spontaneous
activity, and elicited movements are influenced by
postmenstrual age and neurologic status.

• Know the significance of persistent neuromotor abnor-
malities in infancy (including asymmetries).

• Recognize normal deep tendon reflexes in newborn
infants, including unsustained clonus.
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NEO
QUIZ

1. Neonatal spinal cord injuries are exceedingly rare and most commonly
diagnosed in preterm infants, patients with systemic hypoperfusion resulting
in shock, and infants with cervical cord distortional trauma. According to
recent literature, the estimated incidence of spinal cord injuries in neonates
can be as high as:

A. 1 in 10 000 births.
B. 1 in 20 000 births.
C. 1 in 30 000 births.
D. 1 in 50 000 births.
E. 1 in 100 000 births.

2. The most common mechanism of neonatal spinal cord injury is mechanical
trauma, particularly among premature infants. This is likely related to
excessive rotation, traction, and hyperextension of the neck during delivery.
All of the following factors and conditions place premature infants at
increased risk for mechanical injury EXCEPT:

A. Elasticity of paraspinal soft issues.
B. Head entrapment in an incompletely dilated cervix.
C. Horizontal facet positioning.
D. Immature musculature around the spine.
E. Transverse lie in utero.

3. A term infant born at 38 weeks of gestation is noted to be unresponsive.
On physical examination, there is concern for acute spinal cord injury. Of the
following symptoms, which is the most common presentation of neonatal
spinal cord injury?

A. Apnea.
B. Areflexia.
C. Flaccid tetraplegia.
D. Respiratory failure.
E. Urinary retention.

4. A 36-week gestation infant is found to have respiratory distress and is apneic
in the delivery room. The patient is intubated and brought to the neonatal
intensive care unit for further management. On physical exam, the patient is
areflexic and non-responsive to physical touch. The team is concerned about
a spinal cord injury. Given the patient’s clinical presentation, which of the
following vertebral levels is likely involved?

A. C3.
B. C6.
C. T1.
D. T3.
E. T7.
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5. A term infant is noted to have acute flaccid paraplegia concerning for a
spinal cord injury. Once clinical stability is achieved, more advanced imaging
is required to determine the extent of the damage to the spinal cord tissue.
Which of the following is the gold standard for imaging neonatal spinal cord
injury?

A. Computerized tomography myelography.
B. Electromyography.
C. Magnetic resonance imaging.
D. Plain film radiography.
E. Ultrasonography.
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