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Central motor and sensory conduction in patients
with hepatic myelopathy

R Nardone1,2,3, A Orioli2, Y Höller1,3, P Lochner2, A Kunz1, S Golaszewski1, F Brigo2,4 and E Trinka1,3

Study design: Experimental neurophysiological study.
Objectives: The hepatic myelopathy (HM) is characterized by progressive weakness and spasticity of the lower extremities, while
there are only a few reports of sensory impairment. However, sensory function has been poorly explored in HM. We believe that an
electrophysiological assessment of dorsal columns by somatosensory evoked potentials (SEPs) and of cortico-spinal lateral tracts by
motor evoked potentials (MEPs) should be of considerable value in the functional evaluation of the spinal cord involvement in patients
with HM.
Setting: Salzburg (Austria) and Merano (Italy).
Methods: Eight patients diagnosed with HM were studied with MEPs and SEPs. Neurological examination revealed different degrees
of cortico-spinal tract involvement in all patients and sensory abnormalities in three patients.
Results: Central motor conduction to lower limb muscles was abnormal in all patients, while central sensory conduction was
abnormal in seven out of the eight patients. Both central motor and sensory conduction to upper limbs are normal in all patients.
Conclusion: The main finding is that electrophysiological evidence of central sensory involvement is present in a very high percentage
of patients with HM, and that the threshold for electrophysiological abnormalities is below that for clinical manifestations. Therefore,
central sensory and motor conduction studies are sensitive methods for detecting, localizing and monitoring spinal cord damage
in HM.
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INTRODUCTION

A severe spinal cord involvement may rarely occur in patients with
cirrhosis and other chronic liver diseases; this complication is usually
associated with overt liver failure and surgical or spontaneous
portosystemic shunt. The hepatic myelopathy (HM) is characterized
by progressive weakness and spasticity of the lower extremities, while
there are only a few reports of sensory or sphincter impairment.1–4

Motor evoked potentials (MEPs) studies disclosed MEP abnormalities
even in patients with normal clinical examination.5 However, sensory
function has poorly been explored in HM patients.

Somatosensory evoked potentials (SEPs) are a widely used and high
sensitive method of detecting disturbances of central sensory con-
duction. To the best of our knowledge, SEP studies have never been
performed in patients with HM.

The aim of this study was to explore central motor and sensory
function in patients with HM objectively using MEPs as well as upper
and lower limb SEPs.

MATERIALS AND METHODS

Patients
We studied eight patients with HM (three women and five men, mean age 60.8

years, range 44–75 years). The clinical and demographic data of the patients

are shown in Table 1.

All the patients exhibited clear-cut signs of spinal cord involvement and

three of them exhibited varying degrees of disability. Two patients had mild

neurological abnormalities (hyperreflexia, extensor plantar responses) without

disability, three patients experienced minimal disability (stiffness, nocturnal

spasms and leg cramps, and three patients mild to severe paraparesis.

Neurological examination revealed sensory abnormalities in three patients.

They showed loss of proprioception and vibratory sensation. Another patient

complained of intermittent paraesthesias in the feet without sensory deficits.

Brain and spinal magnetic resonance imaging was unremarkable in all

patients.

Nerve conduction studies provided no evidence of polyneuropathy in all

patients.

The diagnosis of HM was established on clinical grounds after exclusion of the

other possible causes. Peripheral blood cell count, serum values for renal function

tests, calcium and phosphate were normal in all patients; creatine kinase was

slightly increased in two patients. Specific laboratory tests have been performed to

exclude a metabolic/nutritional disorders (vitamin B12, vitamin E, folate or

copper deficiency, latyrism), viral infections (varicella zoster virus, Epstein Barr

virus, herpes simplex virus, cytomegalovirus, myelopathy associated with

acquired immunodeficiency syndrome and human T-cell lymphotropic virus

type I-associated myelopathy/tropical spastic paraparesis), fungal infection

(cryptococcus, apergillus), neuroborreliosis, neurosyphilis and, in four patients

also rare metabolic diseases, such as adrenoleucodystrophy, heroxaminidase

deficiency or cerebrotendinous xanthomatosis.

Liver function was reduced in all patients; plasma ammonia level was

elevated in six patients and normal in two patients.
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In three patients, the cerebrospinal fluid had also been examined; the

analysis revealed normal findings with the exception of a slightly increased

protein concentration in one patient.

Thirteen age-matched healthy volunteers (five women and eight men; mean

age 58.8 years, range 40–76 years) represented the control population.

Patients and healthy volunteers provided informed consent before participa-

tion in this study, which was performed according to the Declaration of

Helsinki.

Motor evoked potentials
Central motor conduction was evaluated using magnetic stimulation of the

motor cortex and spine through a 120-mm coil powered by a High-power

Magstim 200 Stimulator (Magstim Co, Dyfed, UK). Responses were recorded

from the contralateral abductor digiti minimi and tibialis anterior muscles by

9-mm diameter Ag–AgCl surface electrodes and amplified with filter settings of

2 and 5 Hz. The maximum magnetic field generated was B2 T at the center of

the coil. The stimulus intensity was 100% of the maximum output for cortical

stimulation. The coil was centered over the vertex or 2–3 cm anterior to the

vertex to achieve maximal responses for the upper and the lower limbs,

respectively. To obtain preferential activation of each hemisphere, a clockwise

inducing current flow, as viewed from above, was used for the right motor

cortex and an anticlockwise flow for the left motor cortex. Cortical stimulation

was performed during voluntary contraction of the tested muscle of about

20% of maximum voluntary contraction to facilitate the responses.

The central motor conduction time (CMCT) was calculated by subtracting

the peripheral conduction time from spinal cord to muscles from the latency of

responses evoked by cortical stimulation.6 To evaluate peripheral motor

conduction from the spinal cord to the muscles, magnetic stimulation on

the cervical and lumbar spine was performed. For the radicular stimulation,

the lower edge of the coil was placed just laterally to C7–D1 and L4–L5 spinous

processes for abductor digiti minimi and tibialis anterior muscles, respectively.

A clockwise inducing current, as viewed from behind, was used for the right

muscles and vice versa from the left muscles. The stimulus intensity was 60%

of maximum output. Peripheral conduction time was also calculated from F

wave recordings, as (FþM � 1)/2, where F is the shortest F-latency and M is

the M-wave latency.7

Normal limits for CMCT were defined by mean±3 s.d.s of the control

values.

Somatosensory evoked potentials
For SEP recording (Sensor, Medelec, Surrey, UK) the patient lay on a couch in

a warm and semi-darkened room. Stimuli (0.3 ms square pulses) were

delivered at a rate of 5 Hz at motor threshold intensity. Stimulations were

delivered at the wrist for median nerve SEPs and at the ankle for tibial nerve

SEPs. The filter bandpass was 10–3000 Hz; the analysis time was 50 ms for

median nerve SEPs and 100 ms for tibial nerve SEPs. Two averages of 2048

trials each were obtained and drawn out by computer on an x-Y plotter.

For median nerve SEP recording, the electrodes (impedence below 5 kO)

were placed in the supraclavicular fussa (Erb’s point), over the spinous process

of the sixth cervical vertebra (Cv6) and in the contralateral and ipsilateral

parietal scalp regions. The Erb’s point electrode was referred to Fz and the

parietal scalp electrodes to the shoulder contralateral to the stimulated side. To

assess conduction in the dorsal column system and in the intracranial segments

the P9-P14 and P14-N20 interpeak latencies were measured. The P14 and N20

potentials were measured on the contralateral parietal traces recorded with a

shoulder reference montage.8

For tibial nerve SEP recording, the electrodes were placed over the spinous

process of the 12th thoracic vertebra (Th12) ad on the vertex (Cz). The Cz

electrode was referred to the forehead (Fpz) to record the P40 cortical

response.9,10 To calculate the central somatosensory conduction, the N24-P40

interpeak interval was measured.

Table 1 Demographic and clinical characteristics of the patients with hepatic myelopathy

Patients Age Gender Liver disease Ammoniaa Motor signs/symptoms Sensory signs/symptoms

1 55 M Posthepatitic cirrhosis 75 Hyperreflexia, Babinski sign None

2 44 M Postalcoholic cirrhosis 53 Hyperreflexia, Babinski sign None

3 69 F Postalcoholic cirrhosis 88 Hyperreflexia, Babinski sign,

stiffness, legs cramps

None

4 67 F Postalcoholic cirrhosis 84 Hyperreflexia, Babinski sign,

stiffness, legs cramps

None

5 75 M Posthepatitic Cirrhosis 45 Hyperreflexia, Babinski sign,

stiffness, nocturnal spasms

Subjective paraesthesias in the feet

6 49 F Posthepatitic cirrhosis 65 Mild paraparesis Subjective distal paraesthesias Proprio-

ception and vibratory sensory loss

7 60 M Postalcoholic cirrhosis 102 Moderate paraparesis Proprioception and vibratory sensory loss

8 68 M Posthepatitic cirrhosis 82 Severe paraparsis Subjective distal paraesthesias proprio-

ception and vibratory sensory loss

*Plasma ammonia level (mmol l�1), bold type indicates abnormal values.

Figure 1 Patient 8. SEPs evoked by right tibial nerve stimulation (upper

traces) and MEPs from tibialis anterior muscle evoked by lumbar and

cortical stimulation (lower traces). SEPs: the latency of N24 response is

within normal limits, while the latency of the P40 response and the N24-

P40 interpeak interval are prolonged. MEPs: the latency of the response

obtained after radicular stimulation is normal, while no response is obtained

after cortical stimulation.
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For recording of the spinal N24 potential, we connected grid 1 of the

amplifier to the Th12 electrode and grid 2 to an electrode located in the

anterior region of the abdomen immediately above the umbilicus (Ant).

RESULTS

MEP findings
MEP findings were abnormal in 8/8 patients (100%). The abnorm-
alities were always bilateral and involved the lower limbs. CMCT was
prolonged in six patients and cortical responses were absent in two
patients (Figure 1). Peripheral motor conduction was always normal.

MEP data of patients and control subjects are summarized in
Table 2.

SEP findings
SEPs were abnormal in 7/8 patients (87%). The abnormalities were
always bilateral and represented by a prolonged N24-P40 interval
(Figure 1). Median SEPs were always normal. Peripheral components
of SEPs were of normal latency in all patients.

SEP data of patients and control subjects are summarized in
Table 3.

Table 2 Motor evoked potentials findings

Patients Motor evoked potentials

Abductor digiti minimi Tibialis anterior

Radicular stim. CMCTM CMCTF Radicular stim. CMCTM CMCTF

R L R L R L R L R L R L

1 12.3 12.4 12.3 12.4 12.3 12.4 14.2 14.4 17.3 17.5 15.0 15.2

2 12.8 12.5 12.8 12.5 12.8 12.5 13.5 13.6 18.2 18.0 16.0 15.8

3 13.0 13.0 13.0 13.0 13.0 13.0 12.8 12.6 19.9 19.4 17.6 17.0

4 14.4 14.3 14.4 14.3 14.4 14.3 14.5 14.6 17.7 18.2 15.5 16.0

5 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.4 21.3 21.5 19.0 19.1

6 13.7 13.8 13.7 13.8 13.7 13.8 13.0 13.0 22.5 24.8 20.3 19.9

7 14.5 14.5 14.5 14.5 14.5 14.5 14.3 14.4 Abs. Abs. Abs. Abs.

8 14.6 14.8 14.6 14.8 14.6 14.8 14.8 15.0 Abs. Abs. Abs. Abs.

Controls

Mean 13.2 6.2 4.4 13 13.8 10.8

s.d. 0.8 0.5 0.4 1.1 1.1 1.2

Range 11.2–14.8 5.1–7.3 4.0–5.1 10.6–15.5 11.4–16.3 9.4–12.5

Upper limita 15.6 7.7 5.6 16.3 17.1 14.4

Abbreviations: Abs., absent; CMCTM, central motor conduction time calculated as the difference between the latency of responses evoked by cortical and paravertebral magnetic stimulation;
CMCTF, central motor conduction time calculated using the F-wave method.
Bold type indicates values above the upper limit obtained in controls
aMean±3s.d.

Table 3 Somatosensory evoked potentials findings

Patients Somatosensory evoked potentials

Medianus nerve Tibialis nerve

P9-P14 interval (ms) P14-N20 (ms) N24 latency (ms) N24-P40 interval (ms)

1 5.0 5.0 5.0 5.4 19.0 18.9 19.2 19.0

2 4.8 4.8 5.2 5.0 19.2 19.0 24.6 24.0

3 5.3 5.2 4.8 4.8 20.2 20.2 23.8 23.1

4 4.6 4.6 4.6 4.6 19.6 19.5 27.5 26.4

5 5.0 5.1 4.6 4.8 22.0 22.2 24.2 24.0

6 6.0 6.2 4.4 4.6 19.9 20.0 22.5 25.4

7 4.8 4.6 4.0 4.4 21.0 21.4 23.5 23.0

8 5.5 5.6 5.2 5.5 19.4 19.4 28.0 27.8

Controls

Mean 5.4 4.8 22.2 16.1

s.d. 0.4 0.5 2 1.4

Range 4.2–6.4 3.6–6.0 18.3–28.1 12.8–19.1

Upper limita 6.6 6.3 28.2 20.5

Bold type indicates values above the upper limit obtained in controls.
aMean±3s.d.
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DISCUSSION AND CONCLUSIONS

The present study is the first that electrophysiologically characterizes
the functional involvement of both, motor and sensory central
pathways, in HM using SEPs and MEPs. Sensory disturbances have
rarely been described in HM and are thought to usually less
important.

However, the main finding of our study was that we documented,
beside the expected central motor conduction abnormalities, a
significant involvement of the central sensory pathways in patients
with HM.

Moreover, electrophysiological evaluation of central sensory con-
duction may disclose an impairment of the central sensory pathways
even before the sensory disturbances are clinically manifest.

Our results are consistent with previous studies demonstrating
pathological findings in the posterior columns of HM patients.4,11

The histology of HM consists of symmetrical loss of myelin in the
lateral pyramidal tracts, that begins with demyelination beginning in
the cervical spine, becoming more intense at lower levels, and
occasionally being associated with axonal damage.12,13 In the early
stages, demyelination seems to predominate, but as the disease
progresses axonal loss occurs, and this is likely to be irreversible.2,14

Occasionally, demyelination has also been found in the ventral
pyramidal tracts, in the posterior columns and spinocerebellar
tracts. A recent study also documented in an HM patient a delayed
onset posterior column dysfunction (proprioception and vibratory
sensory loss) and a small fiber length-dependent axonal
polyneuropathy,15 both progressing concomitantly with the motor
deficits.

The pathogenesis of HM is not yet understood, but there is a close
relationship between an extensive portosystemic shunt and the
occurrence of HM, even in the absence of liver dysfunction.16 It
can thus be hypothesized that the shunting of blood may allow
nitrogenous breakdown products or a neurotoxin to bypass the liver
and damage the spinal cord. In particular, nitrogenous products such
as ammonia have been identified as a major contributor to the
development of HM.17

Interestingly, Nardone et al.5 found that clinical and MEP results
of patients with a more advanced stage of disease (with markedly
prolonged CMCT) were not substantially altered by liver
transplantation, whereas patients with strong evidence of early-stage
disease (minor CMCT abnormalities) exhibited clear neuro-
physiological and clinical improvement after liver transplantation.
These MEP findings suggest that HM may be reversible if treated
in the early stages of the disease,18,19 whereas spinal cord dys-
function remains unchanged or is less likely to be reversed by
liver transplantation in the later stages.20 Therefore, early
diagnosis of HM and subsequent liver transplantation have to be
recommended.

Obviously, demyelinated axons within the spinal cord can be well
visualized by modern neuroimaging techniques, in particular the
diffusion tensor tractography in MRI. However, diffusion tensor
tractography is an expensive technique that is still not commonly and
routinely used for clinical applications, while SEP and MEP studies
can be easily performed in the most laboratories of neurophysiology.
Moreover, the neurophysiological evaluation is essential to provide
functional correlate to radiological abnormalities.

The results of the present study provide electrophysiological
evidence that posterior column spinal cord pathology is more
common in HM than previously recognized.

Utku et al. performed an MEP study in two patients and found an
absence of cortical MEPs in both the lower and upper extremities, and

postulated that the lesion was localized at the cervical level of the
spinal cord.21 In contrast, Nardone et al.5 found an abnormal
CMCT to the lower lumbar spinal segments and a normal CMCT
to the upper cervical spinal segments, thus supporting localization of
main dysfunction to the thoracic spinal cord. Moreover, another
MEP study of HM patients indicated that the sites of higher
vulnerability are located between the upper thoracic and the
lumbar spinal cord.22

In a recently reported patient the abnormal MRI finding
of increased fluid-attenuated inversion recovery signal in the sub-
cortical white matter and subcortical spinal tracts suggests the
possible occurrence of HM-related pathology above the level of the
foramen magnum.15 We cannot find any MRI abnormalities in our
patients. Moreover, the normality of the N24-P40 interval also
excludes a subclinical involvement of the intracranial segment of
the central sensory pathways in our patients.

The pronounced slowing of central conduction is similar to that
described in multiple sclerosis patients,23,24 and is thus compatible
with demyelination in central sensory and motor pathways.

Our SEP findings suggest that in HM the thoracic cord is usually
affected first and confirm that central sensory and motor conduction
studies are sensitive methods for detecting such damage.

In conclusion, an electrophysiological assessment of dorsal columns
by SEPs and of cortico-spinal lateral tracts by MEPs should be of
considerable value in the functional evaluation of the spinal cord
involvement in the patients affected by HM.
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