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Case
Clinical Presentation

JC is a boy, age 14 with 
autism spectrum disorder, 
eosinophilic gastroenteritis, 
multiple food allergies, asthma, 
and constipation. He present-
ed with a 2-week history of 
progressive difficulty standing 
and walking. Approximately 
2 weeks before, his family 
noticed he seemed to stomp 

when walking and drag his feet. Over a few 
days, this progressed to difficulty standing 
up to walk and needing assistance when 
walking. At presentation, JC was unable to 
stand or walk without assistance. 

On further history, his parents reported 
that a few days after the initial onset of symptoms, he 
had an esophagogastroduodenoscopy (EGD) for routine 
monitoring of eosinophilic gastroenteritis. As anesthesia, 
JC had received nitrous oxide for 10 minutes, sevoflurane 
for 5 minutes, and 100 mg propofol. The EGD showed 
mildly active esophagitis. His recent history was otherwise 
remarkable for an acute worsening of his baseline consti-
pation, with a decrease in stool frequency over the past 
month to weekly bowel movements. Beyond this, they 
reported no urinary incontinence, recent fevers, recent 
upper respiratory tract infection symptoms, trauma, diar-
rhea, or vomiting. 

On initial exam JC was at his baseline mental status, 
using a few words and following simple commands. He 

had baseline sensitivity to auditory stimuli and typically 
wore earmuffs to limit exposure to loud sounds. His cranial 
nerve testing was normal. Strength testing was significant 
for symmetric resistance in bilateral upper extremities 
and weakness in the bilateral lower extremities that was 
most prominent distally. Direct confrontational testing 
was limited because of limited cooperation, but JC was 
able to give symmetric resistance with bilateral hip flexion. 
No antigravity movements were noted with flexion and 
extension of the knees. There was no movement seen at 
the bilateral ankles and toes, even with noxious stimuli. 
Tone was normal in the bilateral upper extremities but 
decreased bilaterally in the distal lower extremities. There 
was atrophy of the distal leg muscles. Tickle of both feet 
elicited no response, although noxious stimuli resulted 
in withdrawal movements. His coordination in the upper 
extremities was grossly normal. Reflexes were normal in 
the bilateral upper extremities but absent in the bilateral 
patella and ankles. He was unable to stand or ambulate. 

Diagnostic Studies
MRI of the brain and complete spinal cord with and 

without contrast were normal. Lumbar puncture was 
performed and cerebrospinal fluid (CSF) analysis findings 
showed a normal CSF profile with 1 red blood cell (RBC), 
1 white blood cell (WBC), protein 41, and glucose 62. 
Laboratory testing for nutritional deficiencies was remark-
able for low serum vitamin B12 (cyanocobalamin; <150 pg/
mL, normal range 214-865 pg / mL), elevated total homo-
cysteine (>50 mcMol/L, normal range 5.7-11.7 mcMol/L), 
and elevated methylmalonic acid (511 nMol/L; normal 
range 0-370 nMol/L). A complete blood count showed 
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hemoglobin 15.2 g/dL (normal range for boys 14-18 g/dL) 
and mean corpuscular volume 89.8 fL (normal range 
80-100 fL). Nerve conduction studies revealed a severe 
sensory and motor axonal neuropathy in the legs (Table). 
Needle EMG demonstrated significant chronic and ongo-
ing denervation of left anterior tibialis, with fibrillations 
and positive sharp waves. More extensive EMG studies 
were limited by JC’s tolerance for testing.

Diagnosis and Initial Treatment
Based on these findings, JC was diagnosed with a severe 

neuropathy owing to vitamin B12 deficiency. His vitamin 
B12 deficiency was thought to be acutely worsened by 
nitrous oxide exposure, because routine screening of the 
vitamin B12 level taken just before anesthesia was already 
low (187 pg / mL). Intramuscular (IM) cyanocobalamin 
1,000 mcg was given daily for 3 days and then weekly. This 
led to improvement of B12 level to 1,793 pg/mL.

Gastroenterology, clinical nutrition, and biochemical 
genetics teams were consulted to understand the etiology 
of JC’s vitamin B12 deficiency. There were no signs of mal-
absorption. Exome sequencing and mitochondrial genome 
testing showed no variants consistent with genetic disor-

ders of cobalamin metabolism or hereditary neuropathies. 
Therefore, JC’s vitamin B12 deficiency was thought to be 
secondary to insufficient dietary intake. This was corrobo-
rated by a parent-reported history of a diet low in meat 
and dairy intake; JC’s diet was significantly restricted by 
food allergies and limited food preferences.

Long-Term Treatment and Follow-up 
Gait training was provided to JC in an inpatient rehabili-

tation setting, and gabapentin 1,800 mg/day in 3 divided 
doses was given out of concern for neuropathic pain 
because of agitation during therapy sessions. Although 
JC’s oral intake was optimized, he eventually required a 
gastric tube because of his severely restrictive diet. He 
was transitioned to monthly intramuscular vitamin B12 
1,000 mcg injections and enteral supplements of thiamine, 
folate, zinc, multivitamin, and vitamin D 5,000 U daily. 
His vitamin B12 level was stable at 861 pg/mL with normal 
methylmalonic acid (346 nMol/L) on this regimen. At a 
follow-up appointment approximately 3  months after 
symptom onset, JC’s bilateral lower extremity strength had 
improved. He was able to give resistance with flexion and 
extension at the knees, and there was slight bilateral ankle 
dorsiflexion noted. Electrophysiologic studies were repeat-
ed and demonstrated improvement (Table). He continues 
to make gains with physical therapy, and at the most 
recent therapy visit 5 months after symptom onset, JC was 
able to walk short distances with minimal assistance. 

Discussion
Background

Children with autism spectrum disorders are at 
increased risk of having nutritional deficiencies.1,2 This is 
frequently because of food selectivity and food refusal, 
need for food to be given in specific presentations and/
or textures, preference for certain food groups, and atypi-
cal sensory processing.3-6 Multiple vitamin deficiencies can 
result, including vitamin B12, vitamin B6, folate, and vitamin 
D deficiencies.1 

Diagnosis
Vitamin B12 deficiency can present with neurologic man-

ifestations including subacute combined degeneration of 
the spinal cord, peripheral neuropathy, optic neuropathy, 
ataxia, cognitive disturbances, and mood changes, in addi-

Nutritional surveillance testing is needed for  
children with autism who have dietary  
restrictions 

CLINICALGEMS

TABLE. NEEDLE EMG AND  
NERVE CONDUCTION STUDIES

Measure-
ment Site

Lat 
(mS)

Ref 
(ms)

Amp 
(mV)

Ref 
(mV)

Vel 
(m/s)

Ref 
(m/s)

Left Common Peroneal—Extensor Digitorum Brevis (EDB)

Ankle
Initial NR

≤6.20
NR

≥2.0
NR

≥ 39
3 mo 7.03 .01 28

Fib 
Head

Initial NR

3 mo 19.79

Left Tibial (Knee)—Abductor Hallucis (AH)

Ankle
Initial 5.36

≤6.00
2.2

≥3.0
48

≥39
3 mo 6.25 3.4 40

Knee
Initial 13.07 1.3

3 mo 16.87 0.8**

Left Common Peroneal—Tibialis Anterior (TA)

Fib 
head

Initial NR NR NR
≥39

3 mo 9.27 0.5 41

Knee
Initial NR NR

3 mo 10.63 0.6
a Thought to be movement artifact. Abbreviations. Amp, 
amplitude; Fib, fibular; Lat, latency; NCS, nerve conduction 
study; NR, no response; Ref, reference, Vel, velocity.
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tion to megaloblastic anemia.7-9 The deficiency is typically 
diagnosed by low serum vitamin B12 levels in conjunction 
with high homocysteine and high methylmalonic acid 
levels.7 In this case, an adolescent boy with autism had a 
severely restricted diet leading to vitamin B12 deficiency 
that caused a severe sensory and motor axonal neuropa-
thy. A pre-existing vitamin B12 deficiency was further wors-
ened by exposure to nitrous oxide that accelerated the 
progression of his weakness.  

Food restriction is commonly seen in children with 
autism10 and if severe, can lead to multiple vitamin defi-
ciencies associated with neurologic disease. This disordered 
food intake is largely attributed to abnormal sensory pro-
cessing.5 JC’s diet largely consisted of butternut squash, 
apple sauce, quinoa and corn pasta, spaghetti sauce, and 
wax beans. His food restriction was compounded by mul-
tiple food allergies. His diet was low in animal products, 
including meat and dairy, which are sources of vitamin 
B12. This is consistent with a recent meta-analysis demon-
strating that children with autism consume less protein, 
calcium, phosphorous, vitamin D, thiamine, riboflavin, and 
vitamin B12 compared with typically developing children.2 
Children with autism have a lower serum vitamin B12 levels 
and higher homocysteine levels compared with typically 
developing children.1 There may even be a correlation 
between severity of autism and the degree of vitamin B12 
deficiency.1 Although prior studies have found no consis-
tent effect,11 a recent randomized controlled study showed 
that improving nutritional intake in children with autism 
can reduce vitamin and mineral deficiencies and actually 
improve autism symptoms.12 The case presented here 
highlights the importance of surveillance nutritional test-
ing in children with disordered eating.

Nitrous oxide precipitating a severe neuropathy in people 
with vitamin B12 deficiency was first noted in the 1980s.13 
Vitamin B12 functions as a cofactor for methylmalonyl-CoA 
mutase, which promotes the production of succinyl-CoA, 

and methionine synthase, which promotes the production 
of methionine from homocysteine.14 Nitrous oxide inhibits 
methionine synthetase, which can lead to disruption of 
fatty-acid metabolism required for myelination and synthe-
sis of cellular plasma membranes.14 This underscores the 
importance of avoiding use of nitrous oxide as an anesthetic 
in people at risk for vitamin B12 deficiency.

Treatment
In children, especially those who are nonverbal or have 

autism, neurologic symptoms can progress substantially 
before a deficit is noticed by care providers. Vitamin B12 
deficiency caused optic nerve atrophy leading to vision 
loss in 3 children with autism who had restrictive diets.8 
Supplementation of vitamin B12 led to improved vision in all 
3 children. In a randomized placebo-controlled trial (n=50), 
children who received vitamin B12 supplementation had 
improvements in autism symptoms as evaluated by a clini-
cian. These improvements were attributed to an improved 
metabolic profile and decreased oxidative stress.15 Thus, as 
demonstrated in the current case, early detection of neuro-
logic deficits is critical because they may be at least partially 
vitamin B12 supplementation can at least partially reverse 
neurologic deficits.

Summary
Children and adolescents with autism may have severe-

ly restricted diets that can cause nutritional deficiencies. 
In the case presented, JC had a vitamin B12 deficiency that 
was worsened with nitrous oxide anesthesia, leading to 
severe peripheral neuropathy. He had a 2-week decline 
in walking. This case highlights that children with autism 
spectrum disorder and food restrictions should have 
nutritional surveillance. We also highlight that nitrous 
oxide anesthesia should not be used in individuals who 
are at risk of vitamin B12 deficiency. Early diagnosis, which 
can be challenging in children who are nonverbal or have 
autism, is crucial because vitamin B12 supplementation 
can reverse neurologic deficits. n
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