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Metabolic, Toxic, Hereditary, and Rare 
Causes of Spinal Cord Disease

Norbert Weidner and Zacharias Kohl

Abstract
Clinical diagnostic pathways in patients presenting with acute/subacute or chronic 
para- or tetraparesis routinely include imaging workup (MRI, CT, myelography) 
to identify spinal cord compression and cerebrospinal fluid (CSF) analysis to 
identify inflammatory/infectious causes of spinal cord injury. Once these diagnos-
tic procedures have been performed without a clear hint toward the etiology of 
spinal cord disease, other causes have to be considered. Metabolic, toxic, heredi-
tary (hereditary spastic paraplegia, HSP), and other rare causes, which in most 
instances do not present as acute onset paraparesis/tetraparesis, are likely candi-
dates to explain the clinical phenotype. In this chapter the clinical presentation of 
respective entities, the specific diagnostic workup, therapy, and prognosis will be 
discussed. Other rare causes such as epidural lipomatosis,  flexion myelopathy, 
and conversion (dissociative) paraplegia will be presented as well.

8.1  Introduction

The first step toward a successful identification of the specific etiology is to recog-
nize clinical symptoms, which indicate the presence of spinal cord disease. In case 
a patient presents with bilateral sensorimotor dysfunction in combination with 
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autonomic dysfunction (most relevant in the acute situation is neurogenic bladder 
dysfunction), spinal cord disease has to be considered unless it can be excluded 
based on additional exams such as imaging (spine CT/MRI), CSF analysis, and 
neurophysiology.

In case spinal cord compression can be excluded, CSF is unremarkable, and the 
spinal cord parenchyma does not show detectable structural changes in a properly 
conducted spinal MRI, diagnosis becomes more difficult. As almost always, thor-
ough evaluation of the past medical history may give hints in respect to the correct 
diagnosis. In particular in cases of subacute or slowly progressive diseases, it might 
become particularly difficult to link the clinical presentation with a specific disease- 
promoting process.

Overall there appears to be a distinct “core” clinical pattern, which is typical, 
however not specific, for metabolic versus toxic versus hereditary causes of spi-
nal cord disease. Of course, in each disease category, there are additional symp-
toms, which go beyond this “core” phenotype. In metabolic causes, which are 
dominated by cobalamin and copper deficiency, the dorsal columns are predomi-
nantly affected with related sensory disturbances characterized as spinal ataxia. 
In addition, metabolic diseases are frequently associated with polyneuropathies. 
Systemically incorporated toxic substances, which target specifically the spinal 
cord, are rare. In this category only recreational drugs are discussed, which can 
present clinically in a rather variable fashion. Much more uniform is the clinical 
picture of accidentally or intentionally intrathecally administered substances. 
Patients develop a mostly subacutely progressing and ascending para- and tetra-
plegia, which is heavily focused on the motor system, more precisely on the 
lower motoneuron. In addition, autonomic function is frequently affected with 
relative sparing of the sensory system. Finally, hereditary spinal cord disease 
represented by hereditary spastic paraplegia (HSP) is characterized by slowly 
progressive upper motoneuron degeneration with a slowly ascending spastic 
paraplegia. Here, the signs of autonomic and sensory dysfunction are usually 
mild to moderate.

8.2  Metabolic Causes

8.2.1  Subacute Combined Degeneration

8.2.1.1  Vitamin B12 (Cobalamin Deficiency)
Pathophysiology
Adenosylcobalamin is required as a cofactor for the conversion of methylmalonyl 
coenzyme A (CoA) to succinyl CoA. Lack of adenosylcobalamin may lead to 
accumulation of methylmalonyl CoA, causing a decrease in normal myelin syn-
thesis [1]. Causes are atrophic gastritis with consecutive cobalamin malabsorp-
tion, gastric surgery, acid reduction therapy, parasitic infestation by fish tapeworm, 
hereditary enzymatic defect, and rarely strict vegetarianism. Often exact causes 
cannot be identified.
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Clinical Presentation
Macrocytic anemia is the most common clinical finding. The macrocytosis may 
precede the anemia by months. Symptoms related to myelopathy are as follows: gait 
disturbance, hypesthesia, dysesthesia, impairment of vibration and position sense. 
Moreover, autonomic dysfunction represented by constipation, erectile dysfunction, 
and urinary frequency have been described. Tendon reflexes can be hyperactive with 
pyramidal signs; affection of the motor system presents with a typically mild para- 
or tetraparesis. Facultative findings are cognitive impairment/dementia [2]. Often an 
inverse relationship between hematologic and neurological abnormalities is 
observed [3].

Diagnostics
Analysis of serum cobalamin represents the most widely used screening test. 
However, sensitivity and specificity are poor. Serum methylmalonic acid and plasma 
total homocysteine (methylmalonic acid more specific, homocysteine more sensi-
tive) are employed as ancillary tests. Serum methylmalonic acid and plasma total 
homocysteine are good monitoring tools and should be measured annually.

To determine the causes of cobalamin deficiency means to determine the causes 
of malabsorption. In this respect the so-called Schilling test is considered obsolete. 
Elevated serum gastrin and decreased pepsinogen have a limited specificity, whereas 
positive anti-intrinsic factor antibodies are more specific [3].

With spinal MRI hyperintense signal changes in the posterior and lateral col-
umns with facultative contrast enhancement, and spinal cord atrophy can be 
observed [4, 5]. In some instances anterior columns show similar signal changes. 
Neurophysiologically, tibial nerve sensory evoked potentials (SEPs) are found fre-
quently to be abnormal, whereas delayed P37 responses are observed in median 
nerve SEP. Motor evoked potentials (MEPs) are abnormal only in a subset of 
patients showing prolonged central motor conduction times [2]. Cobalamin defi-
ciency can promote concomitant or even exclusive neuropathic changes in periph-
eral nerves. Respective nerve conduction and electromyogramm (EMG)-studies 
indicate an axonal polyneuropathy [6]; however, abnormal findings are not specific 
for cobalamin deficiency-related polyneuropathy.

Therapy
For immediate effectiveness cobalamin (1000 μg cobalamin) should be administered 
initially intramuscularly. Thereafter, 8–10 injections over 3 months followed by 
monthly injections are recommended. Since 1.2 % of any oral dose of cobalamin is 
absorbed unrelated to intrinsic factor, 1000 μg of oral cobalamin is also effective for 
substitution in cases of malabsorption. As a first treatment effect within 1 week after 
substitution, reticulocytosis can be detected [3]. Mean corpuscular volume (MCV) 
normalizes within 8 weeks after cobalamin substitution (once daily for 4 weeks, then 
once weekly for 1 year, then once per month) [2]. Neurological symptoms start to 
improve as early as 1 week and continue to improve until 3 months after cobalamin 
substitution. In parallel, nerve conduction velocities and median nerve SEP normal-
ize. Signal changes in the spinal cord detected with MRI may disappear over time.
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8.2.1.2  Copper Deficiency
Pathophysiology
Balanced oral food intake covers the required copper intake. Copper is absorbed in 
the stomach and duodenum. There, zinc and iron can inhibit copper absorption. 
Following uptake copper becomes transported in the bloodstream via ceruloplasmin 
and subsequently integrated into a variety of key enzymes such as oxidoreductases 
and monooxygenases. Ceruloplasmin, which has not bound copper, becomes rap-
idly degraded. Acquired copper deficiency (serum copper levels below 0.1 μg/ml) is 
typically caused by upper gastrointestinal surgery or zinc overload. Gastrointestinal 
surgery can be divided into non-bariatric surgery (mostly partial gastrectomy for 
peptic ulcer disease) and bariatric interventions (weight loss surgery) [7]. 
Malabsorption of copper can also be caused by celiac disease. More likely excessive 
zinc intake competes with copper uptake in the gut and thus reduces copper serum 
levels. Zinc overload is typically induced by zinc-containing denture creams [8] or 
zinc supplementation, e.g., to prevent or treat common colds. Rarely, a lack of 
appropriate intake represents the single cause of copper deficiency.

Clinical Presentation
The interval between upper gastrointestinal surgery and first symptoms ranges 
between 5 and 46 years. Clinical symptoms such as spastic gait and sensory ataxia 
related to a myelopathy or myeloneuropathy develop subacutely. Cases of com-
bined copper and cobalamin deficiency have been described [9].

Diagnostics
Anemia, leukopenia, and ringed sideroblasts are common hematological manifesta-
tions. Similar to subacute combined degeneration, T2 MRI shows hyperintense sig-
nal changes in the dorsal and lateral columns. Besides abnormalities in SEPs, nerve 
conduction studies and EMG may reveal axonal loss in peripheral nerves. Serum 
copper and ceruloplasmin are found decreased. In case of a non-compressive 
myelopathy of unknown origin and related clinical symptoms, serum copper and 
ceruloplasmin levels should be analyzed.

Therapy
If possible, the underlying cause for copper deficiency needs to be treated. For 
example, excessive zinc uptake due to denture creams or oral zinc supplementa-
tion needs to be stopped. Oral supplementation of 8 mg of elemental copper per 
day is sufficient to restore copper storages. For obvious reasons care should be 
taken to avoid combinatorial preparations of copper and zinc. In case copper 
serum level and hematological findings do not normalize, parenteral copper sub-
stitution may be required. Neurological symptoms will improve invariably [9].

8.2.1.3  Hepatic Myelopathy
Pathophysiology
As opposed to hepatic myelopathy, hepatic encephalopathy is a well-recognized 
neurological disease entity, which has been linked pathophysiologically to 
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portacaval shunts with consecutive increase of nitrogenous products such as 
ammonia [10]. However, blood ammonia-lowering therapies, which are effective 
in hepatic encephalopathy, have not been shown to improve signs of hepatic 
myelopathy. Nutritional factors such as cobalamin deficiency may be relevant and, 
however, have not been positively confirmed as underlying cause. Structural 
changes, which have been obtained from postmortem analysis, include demyelin-
ation of pyramidal tracts with only occasional affection of the dorsal columns. 
Axonal loss is rather mild if present at all.

Clinical Presentation
Approximately 90 cases are described in the literature. Patients typically present 
with subacute onset of spastic paraparesis showing a slow progression over sev-
eral years. Sensory and autonomous deficits are in most instances minimal. In the 
majority of cases, hepatic encephalopathy precedes the manifestation of 
myelopathy.

Diagnostics
Confirmation of myelopathy by means of ancillary exams is difficult. Imaging – in 
particular MRI – usually does not show any abnormalities along the spinal cord. 
Likewise CSF analysis does not provide any relevant clues. Therefore, the proper 
diagnosis can only be confirmed by excluding all relevant differential diagnosis of 
non-compressive spinal cord disease. Neurophysiological analysis (evoked poten-
tials) reveals prolonged latencies or even absent motor or sensory responses, which 
are of course not specific for hepatic myelopathy.

Therapy
As mentioned above blood ammonia-lowering therapies do not ameliorate symp-
toms or the disease course of hepatic myelopathy. Single cases suggest that occlu-
sion of a splenorenal shunt and liver transplantation promote neurological 
improvement in a hepatic myelopathy patient [11, 12].

8.3  Toxic Causes

8.3.1  Nitrous Oxide (N2O)

N2O inactivates cobalamin through irreversible oxidation of the cobalt core. 
Exposure to N2O (laughing gas), which is commonly used as inhalational anesthetic 
agent or abused for its euphoriant properties, can lead to an acute myelopathy, typi-
cally in elderly patients with an unrecognized cobalamin deficiency [13, 14]. 
Myelopathy can develop already after single exposure to N2O. Besides myelopathy 
neuropathies and mental status changes have been described. MRI in typical cases 
shows T2 signal changes in the dorsal and lateral columns [15]. Routine cobalamin 
and MCV testing is advised before surgical procedures involving N2O exposure in 
the elderly are performed. In case of low levels, cobalamin should be substituted 
prophylactically.
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8.3.2  Recreational Drugs (Heroin, Ecstasy, Cocaine)

Pathophysiology
Heroin and cocaine are the main recreationally used drugs, which have been 
described to cause myelopathy with subsequent sensorimotor and autonomous dys-
function. In case of heroin, it is still unclear which pathomechanisms are responsi-
ble for the observed myelopathy. Direct neurotoxicity, hypotension, vasculitis, and 
a hypersensitivity reaction have been discussed as underlying mechanisms. 
Hypersensitivity has been favored in some cases, since onset of disease followed a 
heroin abstinent period with subsequent i.v. or intranasal insufflation of heroin [16]. 
In another study, clinical and neurophysiological evaluation indicated selective 
damage to spinal ventral horn motoneurons suggesting a neurotoxic mechanism 
[17]. Ecstasy has been described only in a single case report, where the drug was 
inhaled together with heroin. Therefore, it is unknown whether ecstasy contributed 
at all to the observed myelopathy [17]. In terms of cocaine, ischemia is the likely 
underlying mechanism in cases of myelopathy paralleling the likely pathomecha-
nism for cerebral lesions [18].

Clinical Presentation
In a number of heroin cases, symptoms developed after drug administration and a 
subsequent symptom-free interval of several hours. Thereafter, flaccid paraplegia 
with urinary retention and diminished rectal tone has been described [16, 17]. 
Cocaine use related to myelopathy has been reported within several hours after drug 
inhalation. The myelopathy is confined to the ventral portion of the cervical spinal 
cord presenting similar to central cord syndrome with pronounced upper extremity 
weakness and rather moderate involvement of the lower extremities [18]. In case of 
myelopathy confined to the dorsal columns, paresthesias and variable degrees of 
deep sensation loss may represent the only clinical signs [19]. Neurological recov-
ery over time is variable.

Diagnostics
Depending on the clinical presentation, spinal MRI indicates the affected rostrocau-
dal and cross-sectional extent of the lesion. Electrophysiological workups (EMG, 
motor nerve conduction studies) are recommended to confirm lower motoneuron 
involvement.

Therapy
Besides rehabilitative interventions, no specific treatments have been described to 
be effective. Even in cases where hypersensitivity has been proposed as potential 
underlying mechanism [16], immunomodulatory therapies such as the application 
of steroids have not been tested.
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8.3.3  Therapeutic Intrathecal Drug Administration: Cytosine 
Arabinoside (ara-C) and Methotrexate (MTX)

For prophylaxis and treatment of intrathecal spread of tumor disease (e.g., leuke-
mia, glioblastoma), several cytotoxic agents are routinely administered via the intra-
thecal route. Thus far, cytosine arabinoside (ara-C) and methotrexate (MTX) 
represent the most commonly used cytotoxic agents. According to a recent review, 
more than 30 pediatric patients with paraplegia in the course of intrathecal chemo-
therapy have been reported [20].

Pathophysiology
There is sparse information regarding the mechanism underlying CNS damage due 
to intrathecal chemotherapy. Postmortem analysis revealed primary neuronal dam-
age with secondary myelin breakdown and axon degeneration. In particular spinal 
cord areas, which are in direct contact with CSF, are at highest risk to be damaged 
by the cytotoxic agent [21].

Clinical Presentation
Patients typically present within hours after intrathecal injection of ara-C or MTX 
in a prodromal stage with signs of meningeal irritation such as headache, diffuse 
pain, nausea, vomiting, and fever. Within days up to several weeks, a progressive 
ascending weakness in the lower extremities and neurogenic bladder dysfunction 
follow. Sensory deficits are mostly mild if not absent [20]. In severe cases, cranial 
nerve palsies, visual impairment, and progressive decline of consciousness develop. 
In a series of 23 patients, ten patients survived with persistent paraplegia, three 
remained permanently respirator dependent, and eight patients died. Two patients 
recovered completely [22].

Diagnostics
Early radiological diagnostics including spinal MRI usually reveal unremarkable 
results. In some instances diffuse swelling with hyperintense signal changes in 
T2-weighted images can be seen. Besides elevated protein level, standard CSF anal-
ysis is normal. As a specific marker for myelin breakdown, the myelin basic protein 
level is elevated.

Therapy
Once patients present with a progressive paraparesis, there is no specific therapy 
available. Currently it has yet to be defined which patients will be at risk to 
develop such a complication in the course of an intrathecal chemotherapy. It 
appears that preceding CNS radiation therapy and combined intrathecal chemo-
therapy (MTX together with ara-C) represent risk factors for a respective 
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complication. Prophylactic treatment with concomitant steroids intrathecally, 
immunoglobulins, or vitamin substitution has not shown to protect against che-
motherapy-induced paraplegia.

8.3.4  Diagnostic Intrathecal Drug Administration: 
Methylene Blue

In the past, methylene blue was routinely injected intrathecally to detect CSF 
leakage.

Pathophysiology
The mechanism underlying the toxic effects of methylene blue circulating in the 
CSF after lumbar intrathecal injection is still unknown. Postmortem analysis in 
a subject surviving the injection more than 10 years revealed spinal cord necro-
sis [23].

Clinical Presentation
A patient who received a methylene blue injection into a protruded disc at thoracic 
level for easier identification during spine surgery was transferred to our center. 
Within minutes the patient developed a rapidly progressing tetraplegia, respiratory 
failure, cranial nerve palsy, and hydrocephalus malresorptivus. Sensory and autono-
mous functions were only mildly affected. Over time he regained minimal motor 
function showing diffuse lower motoneuron damage.

Diagnostics
The temporal sequence of a progressive tetraplegia in the course of an intrathecal 
injection or an injection close to the intrathecal compartment clearly explains the 
etiology relevant for the clinical picture.

Therapy
There is no known therapy which may help to reduce damage to the spinal neural 
tissue. More than 40 years ago, clear warnings were published, which strongly 
disencourage intrathecal injections of methylene blue for its known above-
described complications [24, 25]. Therefore, one could think that the description of 
methylene blue injections causing severe neurological dysfunction should be rather 
added to a history chapter. Unfortunately, the case description from our patient and 
a recent report indicating that methylene blue is still being used to identify the 
location of CSF leakage [26] demonstrate that methylene blue is still considered 
for diagnostic purposes directly in the CSF or in close proximity. Even worse, a 
recent randomized placebo-controlled clinical trial reported that intradiscal methy-
lene blue injections dramatically reduce symptoms in chronic lower back pain 
patients [27]. Based on the above-described complications, any kind of methylene 
blue injection in close proximity to the nervous system is strongly disencouraged 
[24, 25, 28].
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8.3.5  Diagnostic or Therapeutic Intrathecal Drug 
Administration: Spinal Anesthesia

Spinal anesthesia represents a procedure, which is applied worldwide millions of 
times each year and is considered to be safe. Nevertheless, numerous case reports 
describe the occurrence of progressive paraplegia in the course of spinal and epi-
dural anesthesia [29].

Pathophysiology
So far it is unknown what ultimately causes the clinical picture of progressive para-
plegia. It can only be speculated that either a hemorrhage in the course of the 
required lumbar puncture, the local anesthetic drug itself, unknown contaminants, 
or administered disinfectants cause the adhesive arachnoiditis, which subsequently 
affects the spinal cord parenchyma and nerve roots with respective neurological 
dysfunction. Respective factors induce a severe inflammatory reaction of the pia 
and arachnoidea followed by adhesion and tethering of nerve roots and spinal cord 
parenchyma. The blockade of CSF circulation can induce extensive syringomyelia 
and hydrocephalus malresorptivus.

Clinical Presentation
The interval between spinal/epidural anesthesia and presentation of neurological 
dysfunction varies greatly. Initial symptoms such as back pain, nausea, and head-
ache are rather unspecific and rarely lead to confirmation of the diagnosis. More 
specific symptoms such as paraparesis and bladder and bowel dysfunction can 
appear within a few hours up to several months.

Diagnostics
Once clinical signs reflecting spinal cord disease become apparent, spinal MRI 
should be performed. MRI findings are characteristic for adhesive arachnoiditis 
showing conglomerations of adherent nerve roots residing centrally within the the-
cal sac, nerve roots adherent peripherally, and soft tissue masses replacing the sub-
arachnoid space [30].

Therapy
In case of compression of neural structures (spinal cord, radices), decompressive 
laminectomy might be a strategy to slow down disease progression. Careful neuro-
surgical lysis of adherent meningeal structures can represent an additional treatment 
option. However, outcome following respective interventions is not favorable in 
most instances [31].

8.3.6  Accidental Intrathecal Drug Administration

The majority of reported cases of inadvertent intrathecal drug administration with 
the consequence of para- or tetraplegia are related to chemotherapeutic agents. The 
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most notoriously accidentally intrathecally administered drug is vincristine. Thus 
far, 31 cases worldwide have been reported, where vincristine was injected into the 
intrathecal space with a mostly fatal outcome [32]. All individuals surviving the 
injection suffered from severe paraparesis. Besides vincristine intrathecal injections 
have been reported for the chemotherapeutic agents vindesine, asparaginase, bort-
ezomib, daunorubicin, and dactinomycin. However, the majority of related case 
reports describe fatal cases. None of these cases survived in the long term with para- 
or tetraparesis.

Pathophysiology
Vincristine has a strong affinity to tubulin and neurofilament, thus destructing the 
cytoskeleton of neurons. Histologically, severe degeneration of myelin and axons 
with pseudocystic transformation most prominently in the lumbosacral and thoracic 
spinal cord has been described [33].

Clinical Presentation
Within hours to few days after intrathecal injection of vincristine, patients present 
with rapidly progressing paraparesis, urinary retention, and loss of anal sphincter 
function.

Diagnostics
Once the history of accidental vincristine injection is available, no further diagnos-
tics are required. Spinal MRI shows a perimedullar enhancement around the conus 
medullaris. Neurophysiological analysis reveals acute denervation of affected mus-
cles indicating predominant damage to the lower motoneuron (ventral horn, radix).

Therapy
Only patients, where measures to dilute the drug in the cerebrospinal fluid are 
applied immediately, survived, however, with the consequence of severe neurologi-
cal deficits. The most successful therapy seems to be the simultaneous placement of 
an external ventricular and a lumbar drain with consecutive craniocaudal irrigation 
of ringer solution. In order to enhance clearing of the drug through the infused solu-
tion, fresh frozen plasma has been added [33].

8.4  Hereditary Causes (Hereditary Spastic Paraplegia)

Neurologic syndromes, in which progressive bilateral lower extremity weakness 
and spasticity (each of variable degree) are the predominant manifestations and for 
which gene mutations are proven or assumed as the major causative factor, are des-
ignated as hereditary spastic paraplegia (HSP). First described by Adolf von 
Strümpell in 1880 [34], HSP constitutes a clinically and genetically heterogeneous 
group of neurodegenerative disorders, historically divided into “pure” and “compli-
cated” forms [35, 36]. Many HSPs are caused by mutations in genes encoding for 
proteins involved in the maintenance of corticospinal tract neurons, causing distal 
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axonopathy of the longest corticospinal tract axons [37]. Nevertheless, HSP repre-
sents with a strong genetic heterogeneity. To date, 72 different spastic gait disease 
loci have been identified [38], and 54 spastic paraplegia genes (SPG) have already 
been cloned; other HSP causative genes are not in the SPG classification yet [39]. 
HSPs are transmitted in an autosomal dominant (AD), autosomal recessive (AR), 
X-linked (XL), or mitochondrial manner [40]. Moreover, sporadic HSP due to true 
de novo mutations or reduced penetrance of AD mutations as well as single cases in 
unrecognized AR kindred are common [41]. Due to the fact that sole clinical param-
eters are not reliable to differentiate the SPG subtypes, molecular testing is essen-
tial, despite the fact that around 30 % of affected patients have no genetic diagnosis 
[39]. The prevalence of all forms of HSP ranges from 4.1 to 9.8/100,000 [42–44]. In 
the European populations, AD HSP are more frequent than other forms [45], and 
40–45 % of those have mutations in the SPAST gene [46]. In contrast, AR HSP are 
more frequent in consanguineous populations with a prevalence of up to 5.7/100,000 
[42]. Mutations in KIAA1840/SPG11 represent the most common cause of AR 
HSP [47]. Sporadic HSP cases are frequent in clinical practice, with a prevalence of 
1.3/100,000 in Norway [44]. Moreover, some of these cases could be explained by 
mutations in known genes, e.g., in SPG4 [39, 48].

Clinical Presentation
In most patients, HSP initially presents with progressive gait impairment due to 
lower extremity weakness and spasticity. Urinary urgency is common in HSP and 
occasionally may be an early feature. Symptoms may be first evident at any age, 
from early childhood through senescence. In general, subjects with pure HSP 
report progressive difficulty walking, often requiring canes, walkers, or wheel-
chairs. Besides their lower limb weakness and spasticity, they often present with 
diminished vibration and joint position sensation on the lower limbs [36]. The 
severity of spasticity and lower limb weakness varies between patients. Patients 
have a normal life expectancy and do not experience loss of dexterity, strength, or 
coordination in the upper extremities, dysarthria, dysphagia, or any other “compli-
cating” neurological symptom. Age of onset in pure HSP is highly variable; pro-
gression of symptoms is usually slow over the years, without abrupt worsening or 
remissions [49].

Complicated HSP is characterized by neurological or non-neurological features 
in addition to the pure phenotype. Respective patients can present with spasticity in 
the upper extremities, cognitive impairment, epilepsy, extrapyramidal disturbances 
(parkinsonism, chorea, dystonia), dysphagia, dysarthria, cerebellar abnormalities 
(ataxia, nystagmus, tremor), spinal cord atrophy, muscle wasting, peripheral poly-
neuropathy, thin corpus callosum, or white matter lesions, in the absence of coexist-
ing disorders [40]. Non-neuronal manifestations of complicated HSP include 
gastroesophageal reflux, orthopedic abnormalities (foot deformity, scoliosis, max-
illa hypoplasia), retinopathy, macular degeneration, optic atrophy, cataract, facial 
dysmorphism, deafness, or skin lesions. Occasionally, complicated HSP might 
present with a pure phenotype in early phases of the disease, while complicating 
symptoms develop later on.
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Importantly, marked clinical variability does not allow generalizations that apply 
to all HSP types and patients: Age of symptom onset ranges from infancy through 
late adulthood. The gait disturbance ranges from non-disabling, subtle forward- 
shifted heel strike to severe spastic paraplegia resulting in wheelchair dependence. 
Lower extremity spasticity is often but not always accompanied by weakness of the 
legs, primarily affecting iliopsoas, hamstring, and tibialis anterior muscles. 
Sometimes, symptoms begin asymmetrically, while over time both legs are more or 
less similarly affected. Frequent urinary bladder disturbance typically manifests as 
urinary urgency; defecation might be affected as well [49]. In general, there is 
marked clinical variability between different genetic types of HSP, as well as 
between individuals with the same genetic type. In addition, the course of HSP is 
also quite variable. Early-onset HSP may not worsen significantly over many years; 
adult-onset HSP can present with very slow progression over decades as well as 
more profound deterioration over 10–15 years. Onset and progression of symptoms 
over days to months is not typical for HSP and suggests alternative disorders [49].

Diagnostics
HSP can be suspected when patients present with slowly progressing spastic para-
plegia of lower limbs, potential urinary urgency, and subtle sensory disturbances, 
usually in the context of suspicious family history. Nevertheless, several conditions 
need to be ruled out (Table 8.1) [49].

Diagnostic steps include individual and family history to detect the type of trans-
mission. Moreover, a careful neurological examination, neurophysiological testing 
(nerve conduction studies, EMG, MEP, somatosensory evoked potential (SSEP), 
visual evoked potential (VEP)), imaging studies (spinal MRI, CT), and laboratory 
tests are needed for diagnosis, in particular to identify pure and complicated forms 
prior to genetic testing (Table 8.1). Screening for SPG mutations is usually carried 
out by direct Sanger sequencing and needs to be coupled with multiplex ligation-
dependent probe amplification [39]. Recent improvements analyzing large panels of 
SPG genes by next-generation sequencing (NGS) permit confirmation of diagnosis 
in many patients; nevertheless this approach does not cover all SPG genes and may 
not identify all gene copy variants, including exon deletions [51]. Genetic testing is 
most useful to confirm a clinical diagnosis of HSP, and results of genetic testing 
need to be interpreted in the light of the clinical context (Table 8.2). Importantly, 
HSP gene variations with unknown clinical significance need careful consideration, 
in particular when the clinical diagnosis does not conform to HSP [49]. Genetic 
counseling is recommended for affected families, and the gene test results must 
consider mode of inheritance, and the possible degree of genetic penetrance, which 
is not very well known in most types of HSP [52].

Genetic counseling aims to inform affected patients and unaffected family mem-
bers at risk about the nature and inheritance of the disorder. In case of AD transmis-
sion, most affected individuals have an affected parent, depending on genetic 
penetrance. Nevertheless, the frequency of de novo mutations causing AD HSP is 
unknown. In general, caution must be exercised in providing genetic counseling and 
prognosis for many HSP types, due to unclear genetic penetrance and insufficient 
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information about the full phenotypic spectrum. In particular, the clinical descrip-
tion of the majority of genetic types of HSP is limited to one or a few families 
(Table 8.2).

Therapy
Currently, no specific treatments to prevent, halt, or reverse the pathological pro-
cesses underlying HSP are available. Treatment options are exclusively symptom-
atic. Spasticity is managed by regular physical therapy, occupational therapy, 
assistive walking devices, orthotics, or drugs reducing muscle tone, in particular 
baclofen or tizanidine [41]. Chemodenervation with botulinum toxin A or B can be 
an alternative option [53, 54], as well as intrathecal baclofen therapy in selected 
cases. Secondary complications, such as tendon contractures, scoliosis, or foot 
deformities, may be delayed or even prevented by intense and regular physical ther-
apy. Urinary urgency can be treated with anticholinergic drugs. Pain, a quite com-
mon symptom in HSP, should be treated according to general guidelines. Neuropathic 
pain benefits from gabapentin and pregabalin. In complicated forms patients with 
cognitive decline or dementia may profit from cholinergic drugs, while epilepsy 

Table 8.1 Differential diagnosis of hereditary spastic paraplegia

Category Examples Recommended diagnostics

Structural 
abnormalities of the 
brain and spinal cord

Spinal cord compression from 
neoplasm or spondylosis, tethered 
cord syndrome, spinal cord 
arteriovenous malformation

MRI of entire neuraxis

Leukodystrophy Adrenomyeloneuropathy, Krabbe 
disease, metachromatic 
leukodystrophy, vitamin B12 
deficiency, mitochondrial disorders

Vitamin B12, methylmalonic 
acid, serum very long chain 
fatty acids (VLCFA), 
beta-galactosidase, 
arylsulfatase, serum lactate, 
and pyruvate

Chronic inflammatory 
disease

Multiple sclerosis (primary 
progressive, secondary progressive)

Cerebrospinal fluid analysis 
for immunoglobulin index 
and polyclonal bands

Infectious diseases Tropical spastic paraplegia due to 
HTLV-1 infection, tertiary syphilis

HTLV-1, syphilis serology, 
(HIV)

Other motoneuron 
disorders

Amyotrophic lateral sclerosis, 
primary lateral sclerosis, distal 
hereditary motor neuropathy

Serial electromyography (for 
the first 2–5 years of 
adult-onset and progressive 
spastic paraparesis)

Other degenerative 
neurological disorders

Friedreich ataxia, spinocerebellar 
ataxia type 3 (SCA 3)

Friedreich ataxia and SCA3 
gene analysis

Environmental toxins Hypocupremia, lathyrism, konzo, 
organophosphate-induced neuropathy

Serum copper, serum zinc

Other Spastic diplegic cerebral palsy, 
dopa-responsive dystonia, stiff person 
syndrome

Trial of low-dose levodopa 
(2–4 weeks)

Adapted from [50]
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Table 8.2 Common genetic types of HSP

SPG locus Gene/protein Onset Phenotype Additional clinical features

Autosomal dominant HSP

SPG3A ATL1/atlastin-1 EO P or C Ataxia, sensorimotor 
axonal neuropathy, 
intellectual disability, optic 
atrophy, lower limb muscle 
atrophy

SPG4 SPAST/spastin VO P or C Cognitive impairment, 
amyotrophy of small hand 
muscles, epilepsy, upper 
limb spasticity, pes cavus

SPG6 NIPA1/NIPA1 EO P or C Idiopathic generalized 
epilepsy, polyneuropathy, 
atrophy of small hand 
muscles, upper limb 
spasticity, pes cavus

SPG8 KIAA0196/strumpellin AO P –

SPG10 KIF5A/kinesin HC5A EO P or C Distal muscle atrophy, 
cognitive decline, 
polyneuropathy, deafness, 
retinitis pigmentosa

SPG17 BSCL2/seipin EO C Amyotrophy of hand 
muscles (Silver syndrome)

SPG31 REEP1/REEP1 EO P or C Peripheral neuropathy, 
cerebellar ataxia, tremor, 
dementia, amyotrophy of 
small hand muscles

Autosomal recessive HSP

SPG5A CYP7B1/OAH1 VO P or C Axonal neuropathy, WMLs, 
optic atrophy, cerebellar 
ataxia

SPG7 PGN/paraplegin VO P or C Cerebellar atrophy, PNP, 
optic atrophy, TCC, axonal 
neuropathy
Caution: AD inheritance 
possible!

SPG11 KIAA1840/spatacsin VO P or C TCC, seizures, cognitive 
decline, upper extremity 
weakness, parkinsonism, 
dysarthria, slowly 
progressive familial ALS

SPG15 ZFYVE26/spastizin EO C Pigmented maculopathy, 
distal amyotrophy, 
dysarthria, intellectual 
deterioration
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should be treated according to established guidelines. If parkinsonism is a feature of 
the clinical phenotype, L-DOPA or dopamine-receptor agonists may be a treatment 
option. If dystonia is a prominent presentation of the HSP, botulinum toxin or even 
deep brain stimulation may be beneficial. In patients with SPG1 who develop hydro-
cephalus, shunt implantation is required [39, 40]. Regular clinical reevaluations of 
patients once or twice yearly are recommended to identify complications and pro-
gression of the disease.

Table 8.2 (continued)

SPG locus Gene/protein Onset Phenotype Additional clinical features

SPG20 SPG20/spartin EO C Distal muscle wasting 
(Troyer syndrome), 
intellectual disability, 
dysarthria, cerebellar signs, 
WMLs

SPG23 Unknown EO C Pigmentary abnormalities, 
cognitive impairment, facial 
and skeletal dysmorphism

SPG46 GBA2/GBA2 EO C Dementia, cataract, 
cerebellar atrophy, TCC, 
hypogonadism in males

SPG54 DDHD2/DDHD2 EO C Dysarthria, cognitive 
decline, TCC, WMLs, 
dysarthria, strabismus

SPG56 CYP2U1/CYP2U1 EO P or C Dystonia, WMLs, cognitive 
impairment, TCC, axonal 
neuropathy, basal ganglia 
calcifications

X-linked HSP

SPG1 LICAM1/NCAM EO C Cognitive impairment, 
adducted thumbs, aphasia

SPG2 PLP1/MPLP EO P or C Cognitive impairment, 
polyneuropathy, nystagmus, 
seizures

SPG22 SLC16A2/MCT8 EO C Neck muscle hypotonia in 
infancy, cognitive 
impairment, distal muscle 
wasting, ataxia, dysarthria, 
abnormal facies

Maternal (mitochondrial) inheritance HSP

ATPase6 
gene

Mitochondrial ATP6 AO C Axonal neuropathy, 
cardiomyopathy, cerebellar 
syndrome

EO early onset, VO variable onset, AO adult onset, P pure, C complicated, WML white matter 
lesion, TCC thin corpus callosum, PNP polyneuropathy. Adapted from [39, 50]
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8.5  Rare Cases

8.5.1  Cervical Flexion Myelopathy

A number of cases of spinal cord disease due to protracted fixed cervical spine posi-
tions – predominantly in young individuals – have been reported in the course of 
surgeries requiring a flexed cervical spine position, unconsciousness due to medica-
tion overdose, or after an assault forcing the victim into a flexed cervical spine posi-
tion for a prolonged period of time [55].

Pathophysiology
In the literature, the term cervical flexion myelopathy is reserved for a chronic dis-
ease condition also known as Hirayama syndrome [56]. In case of Hirayama syn-
drome, the hypermobile dura compresses the cord microcirculation repeatedly for a 
short duration. As a consequence only highly susceptible neural cells within the 
spinal cord namely motoneurons, in the ventral horn are affected with isolated lower 
motoneuron signs and minimal MRI changes. In contrast, in case of subacute cervi-
cal flexion myelopathy, the shift of the dura over longer periods of time (hours to 
days) may compromise larger-caliber blood vessels (posterior spinal artery, epidural 
veins), causing more extensive circulatory problems affecting the white matter 
structures predominantly in the dorsal half of the spinal cord.

Clinical Presentation
After a protracted period of fixed cervical spine position, patients present with tet-
raparesis/tetraplegia meaning bilateral sensorimotor dysfunction in the upper and 
lower extremities including bladder and bowel dysfunction.

Diagnostics
If a subacute flexion myelopathy is suspected, spinal MRI should be performed to 
exclude compressive causes of spinal cord disease, in particular intraspinal hemorrhage. 
Within the cord parenchyma MRI longitudinally extending, dorsally accentuated signal 
changes with signs of cord swelling can be observed in T2-weighted sequences.

Therapy
Effective treatment options are not available. The existence of such a pathomechanisms 
potentially leading to irreversible neurological dysfunction should raise the awareness to 
check the necessity for surgeries requiring intra- or postoperative flexed cervical spine 
positions very carefully, particularly in young individuals, who are predominantly 
affected by subacute cervical flexion myelopathy. In cases where respective positions 
cannot be avoided, intra-/postoperative neuromonitoring should be considered to detect 
spinal cord dysfunction before irreversible damage to neural tissue occurs [55].
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8.5.2  Epidural Lipomatosis

The spinal epidural lipomatosis is a rare entity. A majority of male patients and a 
mean manifestation at the age of 43 are described in the literature. Most of the 
cases are associated with obesity, chronic use of steroids, Cushing’s syndrome, and 
other endocrinopathies. Only a small group of patients without relevant concomi-
tant diseases (idiopathic spinal epidural lipomatosis) are described so far. In all 
these cases, manifestation of the lipomatosis was restricted to the thoracic and 
lumbar segments of the spinal cord especially in the dorsal and lateral parts of the 
myelin [57].

Pathophysiology
Excess adipose tissue deposits in the spinal canal cause radiculopathy or spinal cord 
compression.

Clinical Presentation
Main symptoms are back pain, followed by a slowly progressive weakness of the 
legs, sensory loss, and sometimes a radicular manifestation or a claudication mainly 
seen with a lumbar affection of the spinal cord. An autonomic dysfunction with 
bowel and urinary incontinence is not typical.

Diagnostics
MRI shows a peculiar signal intensity in the T1-weighted sequences. Myelography 
is helpful to detect an obstruction in the CSF circulation. Often associated with the 
spinal epidural lipomatosis are degenerative processes of the spine [58]. CSF analy-
sis typically reveals high protein levels with mild pleocytosis reflecting compro-
mised CSF circulation.

Therapy
Due to the small amount of cases, no evidence-based therapeutic strategies are 
available. In general a conservative therapy is proposed with minor symptoms, e.g., 
weight reduction and reduction of steroid intake. On the other hand, a surgical inter-
vention to reduce epidural fat should be preferred with major functional deficits. 
The success rate meaning complete functional recovery varies between 20 and 60 % 
dependent on localization and etiology.

In conclusion, spinal epidural lipomatosis should be regarded as a possible dif-
ferential diagnosis when a patient presents with the typically slowly progressive 
para-/tetraparesis and sensory deficits especially if predisposing factors are present 
(see chapter 7). Without specific signal enhancements indicating a spinal cord injury 
in the MRI, the relevant compression caused by epidural fat can be elucidated by 
myelography in combination with a below-block CSF analysis.
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8.5.3  Conversion (dissociative) Paraplegia

The term dissociative paraplegia refers to an alteration or loss of function in the lower 
limbs without an anatomical or physiological explanation. This type of illness belongs 
to the group of conversion disorders. The average prevalence of conversion disorders 
in the general population is estimated at 5–22 cases per 100,000 persons. In the 
absence of mental state abnormalities, dissociative paraplegia remains a diagnostic 
and therapeutic challenge on the borderline between neurology and psychiatry [59].

Clinical Presentation
The disease condition is commonly observed in young female patients. Neurological 
examination yields findings, which are not congruent with a lesion of the central or 
peripheral nervous system. Respective patients typically present with complete 
paralysis of the lower extremities. In case of an “incomplete” paraparesis, flexor and 
extensor muscles are equally affected contradicting an expected central paresis pat-
tern, where flexor muscles are more severely affected than extensor muscles. While 
examining the patient in a supine position, lifting the legs off the bench is not pos-
sible. However, walking on tiptoe or heels is possible. The Hoover sign represents 
another test to unmask a nonorganic origin of the presented symptoms: direct test-
ing of the hip extension reveals weakness in the respective muscle. While testing 
contralateral hip flexion against resistance, ipsilateral hip extension becomes sud-
denly strong. Patients, who are still able to walk frequently, display a dragging gait 
with external or internal hip rotation. Tendon reflexes are usually unremarkable. 
Structured clinical interviews usually do not identify any acute or chronic psychiat-
ric comorbidity.

Diagnostics
Appropriate diagnostic tests have to be performed to rule out a somatic cause for the 
disease. Therefore, imaging studies – ideally MRI of the complete neuraxis (spine and 
brain) – have to rule out spinal cord compression or a non-compressive lesion of the 
spinal cord, cauda equina, or relevant areas in the brain (e.g., parasagittal cortical 
syndrome due to anterior cerebral artery infarction or meningioma located in the falx). 
Once respective studies do not show pathological changes, inflammatory/infectious 
causes are addressed with CSF analysis. The integrity of descending motor and 
ascending sensory pathways can be objectively assessed with MEP and SSEP workup.

Therapy
To prevent disease chronification, it is suggested that patients should be informed 
early about the diagnosis and treated subsequently. Therefore, it is necessary to 
conduct a multifunctional approach therapy, including psychotherapy, relaxation 
techniques, autogenic training, and intensive physical therapy. Physical therapy 
especially might help the patient to give up symptoms without losing face and con-
sequently improve bodily experience, movement ability, interpersonal attunement, 
and social well-being. There is also some evidence suggesting that patient education 
regarding the underlying mechanisms is helpful, but special attention must be paid 
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to possible stigmatization and labeling of the patient. Emphasis should be placed on 
the reversibility and good prognosis of the disorder [60]. A major challenge can be 
to protect patients with dissociative paraplegia in the long run from potentially 
harmful surgical interventions.

 Conclusion

This chapter provided an overview about rare spinal cord disease entities, which 
are in many instances challenging to diagnose. Careful compilation of the past 
medical history including family history and clinical neurological examination 
represent key instruments leading to the correct diagnosis. Specific ancillary 
tests (e.g., specific blood chemistry analysis, genetic testing) besides imaging 
studies and CSF analysis are needed to confirm the suspected diagnosis, in par-
ticular metabolic causes (copper/cobalamin deficiency).
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