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Section 1 

A 14-year-old boy with a history of atrial tachycardia presented to the emergency 

department with acute right foot weakness. One month prior to presentation, he had a self-

resolving diarrheal illness and bacterial pneumonia treated with antibiotics. Two weeks later, he 

endorsed a dull headache, increased irritability, and neck pain. One week prior to presentation, 

he developed intermittent urinary retention and episodes of flushing and redness of his right 

face. He fell 5 days prior to presentation and in the ensuing days, he complained of bilateral hip 

pain and paresthesias that progressively spread to involve bilateral thighs. On the day of 

presentation, the patient noticed weakness of his right ankle and foot. There was no history of 

fever. He denied joint pain, swelling, rash, or facial droop, but he did endorse mild sound 

sensitivity. 

 His neurological exam on presentation consisted of normal mental status and cranial 

nerve function. Brudzinski’s and Kernig’s signs were negative. Muscle tone and bulk were 

normal. Power in all groups was normal except in the right ankle, where dorsiflexion, inversion, 

and eversion were decreased (4/5). Pinprick sensation was somewhat diminished on the right 

leg and joint position was normal. There was decreased vibratory sensation at the right ankle. 

Reflexes were normal (2+) in the upper extremities but absent (0) in the Achilles reflex 

bilaterally and diminished (1+) in the patella bilaterally. Coordination was normal. Gait was 

notable for right foot drop.  

 

How would you summarize and localize this patient’s symptoms? 

What is the differential diagnosis in this case? 
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Section 2 

 This adolescent boy presented with acute right lower extremity weakness and subacute 

headache, irritability, paresthesias, diaphoresis, and urinary retention following recent 

gastrointestinal and respiratory infections. His exam at presentation was notable for right foot 

drop, hyporeflexia, and diminished vibratory sensation, but his mental status and cranial nerve 

function were normal. While acute weakness and areflexia localize to the lower motor neuron, 

paresthesias suggest involvement of the dorsal roots. Urinary retention and diaphoresis 

implicate the autonomic nervous system and the spinal cord. While nonspecific, headache, 

phonophobia, and irritability may be part of meningitis.  

A single lesion is unlikely to explain these findings of polyneuropathy and myelitis. The 

differential diagnosis of acute weakness and areflexia includes trauma (e.g., spinal shock, acute 

nerve injury), a para-infectious process (e.g., acute inflammatory demyelinating 

polyradiculoneuropathy (AIDP)), and a direct infectious process (e.g., poliovirus, West Nile 

virus, acute flaccid myelitis (AFM)). AIDP involves progressive, often ascending, demyelination 

of the peripheral nerves that involves both motor and sensory fibers. Cerebrospinal fluid (CSF) 

analysis is crucial in the diagnosis of AIDP, as protein levels are elevated and white blood cell 

counts are normal. AFM is limited to the alpha motor neuron originating from the ventral horn of 

the spinal cord. Thus, by definition, AFM does not present with sensory changes. Myelitis of the 

sacral cord often includes urinary retention because of involvement of parasympathetic neurons 

arising from the lateral horn. If the spinal cord’s ascending sensory tracts are involved, a 

“sensory level” can be appreciated. No sensory level was present in our patient. Demyelination 

not related to infection is also a possibility, such as in neuromyelitis optica (NMO), which is 

tested for with a specific serum autoantibody. Finally, in endemic areas, early disseminated 

Lyme disease may cause a polyradiculitis or myelitis.  

 

What diagnostic workup can be employed to narrow the differential diagnosis?
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Section 3 

Neuroimaging and CSF analysis are crucial to help narrow the differential diagnosis. 

Leptomeningeal enhancement can be seen in meningitis. T2 hyperintensities of the spinal cord 

are suggestive of myelitis and the edema is limited to the ventral horn in AFM. Enhancement of 

the cauda equina rootlets, on the other hand, is a radiological hallmark suggestive of AIDP. CSF 

pleocytosis is often seen in direct infectious processes, while cytoalbuminergic dissociation 

(elevated protein with no pleocytosis) is appreciated in AIDP. Other tests to consider include 

serum Lyme and NMO aquaporin-4 titers. 

Brain magnetic resonance imaging (MRI) in this patient showed a non-enhancing T2-

hyperintense lesion of the left parietal subcortical white matter (Figure 1A) as well as thickening 

and enhancement of the right trigeminal nerve (Figure 1B). Spine MRI demonstrated diffuse 

increased T2-weighted signal of the spinal cord from T11 to the conus medullaris (Figures 1C-

D) as well as thickening and enhancement of multiple cauda equina rootlets (Figure 1E). CSF 

analysis was consistent with a bacterial meningitis: the white blood cell count was elevated (973 

cells per µL; 84% of which were lymphocytes) in the setting of normal red blood cell count (15 

cells per µL), while glucose was decreased (33 mg/dL) and protein was increased (178 mg/dL). 

CSF culture and gram stain were negative. Two-tiered serum testing for Lyme disease was 

unquestionably positive: enzyme-linked immunosorbent assay (ELISA) for IgM was positive and 

Western blot IgM bands at 23 kDa, 39 kDa, and 41 kDa were reactive. Additional workup 

included normal CSF IgG index, 1 CSF oligoclonal band, and absent serum autoantibodies for 

antinuclear antibody, myelin oligodendrocyte glycoprotein, or aquaporin 4.  

Positive two-tiered serum testing for Lyme disease combined with lymphocytic 

pleocytosis in the CSF and MRI evidence of cranial neuritis, radiculoneuritis, and myelitis 

confirmed the diagnosis of early disseminated Lyme neuroborreliosis. 
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What are the next steps in management? 

 

Section 4 

Negative inspiratory force and vital capacity are important to obtain immediately in a 

patient with acute weakness and areflexia. These measures were normal in our patient. While a 

complete neurodiagnostic workup undoubtedly assists with medical management, a significant 

delay in obtaining neuroaxis MRI and CSF often occurs in pediatric patients who require 

sedation. While awaiting workup, our patient received intravenous immune globulin (IVIG; 2 

grams per kilogram over 5 days) for presumed AIDP. Twelve hours into his hospitalization, he 

developed right facial weakness involving the forehead that resolved within forty-eight hours. 

Once the Lyme ELISA results returned positive, intravenous ceftriaxone was initiated. Imaging 

was then completed and demonstrated cranial nerve V and VII enhancement, segmental 

myelitis, and radiculoneuritis. Methylprednisolone was deferred given that steroids can worsen 

facial palsy associated with Lyme disease1 and because intravenous antibiotics improved the 

patient’s strength and resolved his urinary retention. The IVIG course was completed after the 

workup confirmed a diagnosis of neuroborreliosis, because IVIG has been reported to help with 

symptoms of early disseminated Lyme disease when clinical features of AIDP are also present2. 

He was then discharged home with a 21-day course of doxycycline. On follow up 1 month after 

discharge, his neurological examination was markedly improved: right dorsiflexion was 5-/5, 

patellar reflexes were now present at 2+, and his Achilles reflexes were obtained (left: 2+, right 

1+). Paresthesias had resolved completely. He was able to resume all his normal activities.  
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Discussion 

Diagnosis of neuroborreliosis is based on nervous system involvement with positive 

serological testing in an endemic area. A history of erythema migrans may or may not be 

present. In a large study of patients with suspected neuroborreliosis, serum antibodies were 

present in 97% of cases. CSF antibodies were present in only one of the four remaining cases 

in which serologies were negative3. Thus, serological two-tiered testing (ELISA followed by 

Western blotting) is often used clinically. Lumbar puncture can be of utility to confirm elevated 

opening pressure in patients with optic disc edema and thus suspected pseudotumor cerebri. 

Ceftriaxone or doxycycline are intravenous and parental antimicrobials for neuroborreliosis, 

respectively. Acetazolamide can be used in Lyme-associated pseudotumor cerebri4.  

Many distinct nervous system manifestations can follow Borrelia burgdorferi infection. 

Meningitis, cranial neuropathies, radiculoneuritis, and encephalomyelitis are all considered 

“early disseminated” manifestations occurring weeks to months after infection. 

Polyneuropathies, on the other hand, are late disseminated symptoms, with onset many months 

after an infection5. In endemic areas, meningitis, cranial neuropathy, and radiculoneuritis are the 

most commonly reported nervous system complications of Lyme disease. Based on 

electromyography and nerve conduction studies6, the pathophysiology of peripheral nervous 

system (PNS) involvement in Lyme disease is suspected to involve multifocal axonal injury. 

Segmental myelitis secondary to Lyme disease occurs in less than 5% of cases5, 7. To 

our knowledge, this is only the seventh report of a child with myelitis secondary to Lyme 

disease8 and the first of myelitis associated with meningitis and radiculoneuritis. While the 

pathophysiology is less understood than that for PNS involvement, human pathological studies 

have demonstrated plasma cell and lymphocyte infiltrate within the spinal cord white matter9. 

Using infected rhesus macaques, Bai et al. demonstrated Borrelia spirochetes within the cord 
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meninges, dorsal root ganglia, and motor and sensory spinal roots. However, spirochetes were 

not observed in the spinal cord parenchyma itself10.  

In the patient described above, early confirmation of Lyme disease allowed for timely 

initiation of antimicrobials. Particularly in endemic areas, neuroborreliosis should be strongly 

considered in both adult and pediatric patients with neurological symptoms that do not localize 

to a single lesion. The spectrum of neurological findings in early disseminated Lyme disease 

often consists of meningitis, cranial neuropathy, and/or radiculoneuritis. Encephalitis and/or 

myelitis can also rarely occur. 
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Figure Legend 

Figure 1. Neuroimaging findings in a 14-year-old boy with multiple clinical features of 

neuroborreliosis. A, T2-weighted axial fluid-attenuated inversion recovery (FLAIR) imaging 

demonstrates a left parietal subcortical lesion (arrow). In post-contrast imaging (not shown), this 

lesion does not enhance. B, Contrast-enhanced T2-weighted axial imaging shows thickening 

and enhancement of the right trigeminal nerve (CN V; arrow). C, Left, Unenhanced sagittal T2-

weighted imaging of the spinal cord shows diffuse increased signal (arrow) spanning from T11 

to the conus medullaris. D, Axial imaging of spinal cord demonstrating patchy increased T2-

weighted signaling of the grey matter and overall cord edema. E, Gadolinium-enhanced axial 

T2-weighted imaging of the cauda equina showing enhancement of multiple rootlets (arrows). 
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