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Quantitative motor unit potential analysis
and nerve conduction studies for detection
of subclinical peripheral nerve dysfunction
in patients with compensated liver cirrhosis
Mostafa M. Elkholy1* and Ragaey A. Eid2

Abstract

Background: Peripheral neuropathy is an underestimated problem of compensated liver cirrhosis despite its
negative effect on quality of life. The aim was to assess the role of meticulous electrophysiological screening (nerve
conduction responses and quantitative motor unit potential analysis) of subclinical peripheral nerve dysfunction in
patients with compensated cirrhosis and also to explore its relations with different characteristics of liver disease.
Severity of cirrhosis was assessed by Child–Pugh and albumin-bilirubin (ALBI) scores.

Results: Prevalence of hepatic neuropathy (HN) was 82%. It involved sensory and motor fibers (66%), and its
pathophysiology was axonal (53.7%) or mixed axonal and demyelinating (46.3). The most sensitive discriminating
tests were ulnar sensory conduction velocity (area under curve (AUC) = 0.915) and peak latency (AUC = 0.887),
peroneal motor conduction velocity (AUC = 0.885), ulnar distal motor latency (AUC = 0.842), and first dorsal
interosseous number of phases (AUC = 0.736). HN showed significant correlation with the severity of liver disease
assessed by both child (P = 0.029) and ALBI (P = 0.016) scores and also correlated with the low serum albumin level
(P = 0.001).

Conclusions: Subclinical mild axonal polyneuropathy is very common in post-hepatitis C compensated cirrhosis
picked up by meticulous electrophysiological testing, and it is related to severity of liver cirrhosis and low serum
albumin level.
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Background
Liver cirrhosis is one of the major causes of morbidity
and mortality with variable burden and causes among
different geographical distribution. In 2017, cirrhosis
caused more than 1.32 million deaths globally and Sub-
Saharan Africa had the highest age-standardized death
rate among GBD (Global Burden of Diseases, Injuries,
and Risk Factors Study) super-regions [1]. Unfortunately,

Egypt has one of the highest global burdens of hepatitis
C virus (HCV) infections; it is estimated that prevalence
of HCV is around 4.5 to 6.7% [2].
Peripheral neuropathy (PN) is one of the common

complications of chronic liver disease (CLD) with a vari-
able prevalence ranging between 19 and 80% in previous
studies depending on clinical assessment and routine
nerve conduction studies [3–5].
Hepatic neuropathy (HN) has a negative impact on the

activity of daily living and quality of life and needs to be
more focused upon. Moreover, there is controversy re-
garding the correlation between causes, severity of CLD,
prevalence, and characteristics of PN [6].
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Hepatic neuropathy is one of the leading causes of
frailty which is widely recognized as a potent prognostic
indicator of both disability and mortality in cirrhosis [7].
Early screening and detection of subclinical PN among

these patients are important for their management and
lowering its socioeconomic burden. To our knowledge,
most of the previous studies addressing this aspect fo-
cused on clinical assessment and limited nerve conduc-
tion studies. Moreover, some studies lacked a control
group which is very important because PN associated
with CLD is more prevalent in old age.
The aim of this study is to clarify the importance of

good and meticulous electrophysiological screening for
early detection of peripheral nerve dysfunction in a sam-
ple of patients with compensated liver cirrhosis using
objective quantitative motor unit potential (MUP) ana-
lysis and nerve conduction studies. Moreover, we aim to
explore any significant correlation between characteris-
tics of liver cirrhosis and hepatic neuropathy.

Methods
Participants
This cross-sectional case-control study was conducted
on 90 individuals divided into two groups (patients and
control) in Beni-Suef University hospitals during the
period from October 2020 till February 2021. The study
protocol was approved from the local ethical committee
of faculty of Medicine, Beni-Suef University and an in-
formed written consent was obtained from all partici-
pants before enrollment in the study.
The patient group included 50 patients diagnosed with

post-hepatitis C liver cirrhosis based on clinical assess-
ment, biochemical liver profile, and abdominal ultrason-
ography. They were recruited from the hepatology
outpatient clinic or those attending the GIT Endoscopy
unit to screen for varices in Beni-Suef University hospi-
tals. All patients were previously treated from HCV by
sofosbuvir-based regimens offered by The Egyptian na-
tional viral hepatitis treatment program and all of them
achieved sustained virological response.
All cirrhotic patients were compensated based on

Child–Pugh score: (Patients with preserved liver func-
tions without ascites or clinical hepatic encephalopathy)
[8].
Patients with other identified causes of peripheral

neuropathy (diabetes, uremia, thyroid disorders, alcohol-
ism, autoimmune disease, neurodegenerative disorders,
paraneoplastic syndromes, cryoglobulinemic vasculitis,
or neurotoxic drug intake) were excluded from the
study. Patients with decompensated cirrhosis (Child–
Pugh score C) were also excluded.
The control group included 40 healthy volunteers age

and sex matched with the selected patients.

Methods
Patients were subjected to the following:

(1) Clinical assessment through full history taking,
complete general and abdominal examination with
particular emphasis on the stigmata of chronic liver
disease and signs of vasculitis.

(2) Laboratory evaluation: CBC, ESR, urine analysis,
liver function tests, kidney function tests, hepatitis
markers, thyroid profile, serum electrolytes, alpha-
fetoprotein (AFP), and PCR for HCV RNA. Based
on the clinical as well as laboratory parameters,
Child–Pugh score and albumin-bilirubin (ALBI)
score were calculated [9].

(3) Abdominal ultrasonography: to confirm the
presence of cirrhosis. Characteristic findings were
the nodular liver surface, round edge, parenchymal
nodularity. Detection of splenomegaly, ascites, and
portosystemic collaterals was also possible. Doppler
US was done for the hepatic and portal veins,
hepatic artery, and intra-abdominal portosystemic
collaterals [10].

(4) Neurological assessment: we used neuropathy
symptom and change (NSC) score to test and grade
the presence of PN. NSC score consists of
questions regarding the type of pain or slight illness,
location and time of symptoms, arousal from the
sleep and maneuvers that relieved symptoms. An
NSC of 3–4 points were considered a mild
neuropathy symptom, 5–6 points as medium
neuropathy symptom, and 7–9 points as severe
neuropathy symptom [11].

(5) Electrophysiological assessment: All study
participants were evaluated by electrodiagnostic
studies that were carried out in the Clinical
Neurophysiology department in Beni-Suef
University hospitals using Nihon Kohden
Electromyography machine (Neuropack X1, EMG/
EP MEB-2300, Japan). All electrodiagnostic studies
were performed by the same investigator with an
acceptable experience (more than 10 years in per-
forming nerve conduction and EMG tests).

(a) Nerve conduction studies (NCS)

These studies were performed using surface recording
and stimulating electrodes according to the standard
electrode positions and distances mentioned in Preston
and Shapiro [12], and with room temperature kept at
(28–33 °C) and ensuring well-defined and artifact-free
responses. Filter settings were as follows: (10 Hz–5 kHz
for motor studies, 20 Hz–2 kHz for sensory studies).
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The studied nerves were bilateral ulnar and right me-
dian nerves (sensory and motor responses) in upper
limbs and bilateral common peroneal, right posterior
tibial (motor responses), right superficial peroneal, and
left sural nerves (sensory responses) in lower limbs.
The measured parameters were distal motor latency,

negative peak duration, onset to peak compound muscle
action potential amplitude and conduction velocity for
motor responses, peak latency, onset to peak sensory
nerve action potential amplitude, and conduction vel-
ocity for sensory responses

(b) Quantitative electromyography (EMG) and motor
unit potential (MUP) analysis

We used the disposable concentric EMG needle elec-
trodes (0.45 mm diameter, 45 mm length, Nihon Koh-
den). Filter settings were 2 Hz–10 kHz.
MUP selection parameters were as follows: (rise time:

50 μV for turns; 15 μV for phase level/ MUP onset and end
point: slope 30 μv/ms; level 100 μV/ match threshold 94%).
The muscles selected for analysis were left extensor

hallucis longus in lower limb and right first dorsal inter-
osseous in upper limb because these are among the most
distal extremity muscles common to be affected early in
distal polyneuropathy.
We selected a sample of 20 motor unit action poten-

tials (MUAP) from each muscle at the mild to moderate
activation level through 3–4 insertion sites.
The evaluated parameters were the amplitude, dur-

ation, area, number of phases and turns, muscle thick-
ness (area/amplitude in mV), and size index [2 × log 10
(amplitude in mV) + area/amplitude in mV] averaged
across the selected 20 MUPs for each muscle [13].

(6) Evaluation of peripheral nerve dysfunction: We
proposed electrodiagnostic criteria to specify the
presence of polyneuropathy if three or more of the
measured parameters were abnormally exceeding
the upper or lower limits of normality measured as
mean ± 2SD of the age-matched control group. To
assess the severity of electrodiagnostic affection, the
following “neuropathy electrodiagnostic severity
score” (NESS) was proposed (Table 1).

(7) Data management and statistical analysis: Data were
analyzed using SPSS (statistical package for the
social science software) Version 25.0. Quantitative
variables were expressed by mean, standard
deviation, and 95% confidence interval or by
median and interquartile range (IQR) (as
appropriate) and were compared using independent
t test or Mann-Whitney U test (as appropriate).
Qualitative variables were expressed by number and
percent and were compared by chi-square test.
Pearson correlation was used to correlate two con-
tinuous variables; otherwise, Spearman correlation
was used. Diagnostic and accuracy testes were com-
puted using MedCalc version (14.8.1). In all tests, p
value was considered significant if less than 0.05.

Results
Demographic, clinical characteristics, and laboratory
findings of the participants
The patient group included 50 patients with chronic
liver disease (35 males) and the mean age was 60.2 ± 8.7
years. The control group included 40 participants
matched with the patients in age and sex distribution (P
= 0.869 and 0.115 respectively).
In all patients, liver cirrhosis was secondary to chronic

hepatitis C and all of them were compensated. None of
the patients had muscle swelling or wasting, lower limb
edema, or ascites. Their clinical characteristics and co-
morbidity are demonstrated in Table 2 and laboratory
findings in Supplemental Table 1.

Nerve conduction findings
There was a statistically significant difference between
the study groups in motor responses (ulnar nerve distal
latency, forearm conduction velocity, and common
peroneal conduction velocity) and sensory responses
(ulnar SNAP latency, amplitude and conduction velocity,
median and sural SNAP amplitudes) (Table 3).
Twenty-one patients showed absent superficial

peroneal sensory responses and fourteen patients
showed absent sural sensory responses. On the contrary
only one individual of the control group showed absent
superficial peroneal response and another three showed
absent sural responses.

Table 1 Neuropathy electrodiagnostic severity score (NESS)

Score Number of abnormal values* Degree of abnormality

0 < 3

1 3–5 Not exceeding 90% of ULN/LLN

2 6–8 70–90% of ULN/LLN

3 > 8 Exceeding 70% of ULN/LLN

ULN, upper limit of normal; LLN, lower limit of normal
Scores: 2–3: mild; 4–5: moderate; 6: severe
*Absent sensory response is equivalent to 2 abnormal values
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There were reported focal demyelinating median neur-
opathy at the wrist (carpal tunnel syndrome) in 6 pa-
tients (1 mild, 3 moderate, and 3 severe) and in 7
individuals of the control group, and all these values
were excluded from analysis of nerve conduction find-
ings. Another individual in the control group showed
electrophysiological findings of significant L4/5 root af-
fection and his common peroneal nerve conduction
findings were also excluded from analysis. Two patients
showed severely affected right common peroneal motor
responses and gave history of old ankle fracture and
their values were excluded from analysis.

Quantitative MUP analysis findings
There was a statistically significant difference between
the study groups in duration, number of phases and
turns of both tested muscles (FDI and EHL), and muscle
thickness index of EHL muscle (Table 4).

Prevalence of peripheral neuropathy in the cirrhotic
patients
To accomplish this issue, the healthy controls were di-
vided into two equal age subgroups (the first was 60
years or less and the second group was more than 60
years) and then the upper and lower limits of normal
cutoff values were measured using mean ± 2SD for each
of the recorded electrophysiological (NCS and QEMG)
parameters.
By individual comparing the patients to the age-

specific cutoff values, the prevalence of hepatic neur-
opathy was 82% (HN was defined if there was more than
two abnormal EDX parameters) and their

electrodiagnostic severity was assessed by the proposed
“neuropathy electrodiagnostic severity score” (NESS)
(Fig. 1).
Analysis of the HN patients showed that most of them

had affected both motor and sensory fibers (65.9%) and
its pathophysiology was either pure axonal degeneration
(53.7%) or mixed axonal and demyelination (46.3%).

Diagnostic accuracy of QEMG and NCS
By using the same defining criteria of HN (more than
two abnormal parameters) and comparing the two elec-
trodiagnostic techniques, the sensitivity of QEMG was
62.1 compared to NCS. The prevalence of HN in the pa-
tient group using NCS alone, QEMG, or combining both
methods were 58%, 48%, and 82% respectively (Supple-
mental Tables 2 and 3).
We selected a set of the most sensitive electrodiagnos-

tic parameters to compare their diagnostic accuracy
using ROC curve analysis. The most sensitive EDX pa-
rameters to detect HN were ulnar sensory conduction
velocity, ulnar sensory distal latency, common peroneal
motor conduction velocity, and ulnar distal motor la-
tency respectively (Table 5).

Correlation between the clinical characteristics and
electrodiagnostic findings of the patients:
There was a statistically significant direct relation be-
tween age, child score, and severity of HN. Albumin
level and ALBI score showed a statistically significant in-
verse relation with severity of HN and nerve conduction
findings (Table 6). Moreover, smoking had a significant
relation with incidence of HN (P = 0.023).

Correlation between nerve conduction and QMUP
analysis findings
There was a statistically significant direct relation be-
tween the ulnar distal motor latency, FDI duration,
number of phases and EHL duration (Supplemental
Table 4).

Discussion
This study hypothesized that patients with liver cirrhosis
are at increased risk of developing peripheral neur-
opathy, so we aimed to highlight the importance of good
screening and early detection of subclinical polyneurop-
athy in patients with compensated cirrhosis and to ex-
plore any significant association between characteristics
of liver cirrhosis and peripheral nerve dysfunction.
All patients in our study were post-hepatitis C being

the most common cause of liver cirrhosis in Egypt.
Moreover, most of them had mild liver cirrhosis based
on Child–Pugh classification (92% were Child-A). We
excluded patients with decompensated cirrhosis due to
their frailty and disability caused by chronic malnutrition

Table 2 Clinical characteristics of the patients

Patients (n = 50)

Frequency Percentage

Child score A 46 92%

B 4 8%

C 0 0%

ALBI grade 1 24 48%

2 24 48%

3 2 4%

NSC Scale No pain 21 42%

Mild 16 32%

Moderate 10 20%

Severe 3 6%

Smoking Yes 16 32%

No 34 68%

Hypertension Yes 13 26%

No 37 74%

ALBI, albumin-bilirubin; NSC, neuropathy symptom and change
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Table 3 Significant differences of nerve conduction findings between the two groups

Parameter Group Mean SD Median IQR 95% CI for mean P value 95% CI for difference

Right ulnar motor latency (ms) Patients
(n = 50)

3.4 0.45 3.3 0.5 3.24/
3.49

0.0338* 0.02/ 0.48

Controls
(n = 40)

3.1 0.37 3.2 0.5 2.94/
3.29

Left ulnar motor latency (ms) Patients
(n = 50)

3.1 0.41 3.15 0.4 3.03/
3.26

0.035* 0.02/ 0.43

Controls
(n = 40)

2.9 0.35 2.85 0.6 2.76/
3.09

Left ulnar motor velocity
(m/s)

Patients
(n = 50)

56.9 7.1 56.1 8.5 54.96/
59

0.011* − 8.59/− 1.13

Controls
(n = 40)

61.8 6.9 61.2 13.5 58.57/
65.11

Right peroneal motor velocity (m/s) Patients
(n = 48)

45.3 4.8 46.6 6.2 45.56/
48.42

0.019* − 5.39/− 0.49

Controls
(n = 40)

48.2 4 48.6 8 46.61/
50.39

Left peroneal motor velocity (m/s) Patients
(n = 50)

44.7 5.6 45.6 6 44.47/
47.76

0.043* − 5.55/− 0.09

Controls
(n = 39)

47.5 3.4 49.6 7 45.69/
49.44

Right median sensory amplitude (μV) Patients
(n = 44)

21.1 9.9 19.4 13.4 18.05/
24.05

0.011* − 15.51/− 2.1

Controls
(n = 33)

29.8 11.7 25.5 18.4 22.41/
37.31

Right ulnar sensory velocity (m/s) Patients
(n = 50)

46.9 5.5 47 8.5 45.34/
48.56

0.016* − 6.39/− 0.68

Controls
(n = 40)

50.5 4.9 49.5 5.5 48.19/
52.79

Right ulnar sensory amplitude (μV) Patients
(n = 50)

18.1 10.5 15.25 11.3 15.04/
21.17

0.030*

Controls
(n = 40)

23.5 10.3 20.45 16.8 18.69/
28.34

Left ulnar sensory latency (ms) Patients
(n = 50)

3.03 0.34 3 0.4 2.93/
3.12

0.026* 0.02/ 0.35

Controls
(n = 40)

2.8 0.22 2.8 0.3 2.74/
2.94

Left ulnar sensory velocity (m/s) Patients
(n = 50)

47.1 5.98 47 7.5 45.36/
48.76

0.013* − 6.57/− 0.81

Controls
(n = 40)

50.7 3.79 50.5 5.5 48.97/
52.53

Left ulnar sensory amplitude (μV) Patients
(n = 50)

20.8 12.41 20 14.4 17.31/
24.37

0.038*

Controls
(n = 40)

25.3 8.67 24.2 12.3 21.21/
29.33

Left sural sensory amplitude (μV) Patients
(n = 36)

9.8 4.21 9.3 4 8.39/
11.24

0.016*

Controls
(n = 37)

13.6 6.22 11.8 8.5 10.4/
16.8

SD, standard deviation; IQR, interquartile ratio; CI, confidence interval
*Significant P value < 0.05
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and muscle wasting. To assess the neuropathy symp-
toms, we used a subjective questionnaire (NSC) and it
revealed that 42% of the patients were asymptomatic
and 52% had mild to moderate pain and paresthesia.
We conducted extensive electrophysiological assess-

ment (sensory and motor nerve conduction studies of

four limbs and QMUP analysis of two distal muscles)
and using the proposed defining criteria of HN (more
than two abnormal values), the prevalence of HN in our
patients was 82%. The pattern of peripheral nerve dys-
function was almost axonal degeneration (or mixed
axonal and demyelinating) and involved both motor and
sensory fibers and ranged from mild to moderate
affection.
Most previous studies showed a mixed pattern of per-

ipheral nerve involvement (axonal and demyelinating, sen-
sorimotor affection) in agreement with our findings [4, 6,
14]; however, other studies showed histopathologic evi-
dence of segmental demyelination and remyelination in
sural nerves of patients with hepatic neuropathy [15, 16].
The inter-group comparison revealed that cirrhotic pa-

tients had significantly abnormal nerve conduction fin-
ings (most commonly ulnar and peroneal distal motor
latency and conduction velocity, ulnar sensory latency,
amplitude, and conduction velocity, in addition to absent
lower limb sensory responses in a significant proportion
of the patients).
In reviewing the literature, there is a large controversy

regarding the prevalence of HN (ranging from 20 to 63%

Table 4 Significant differences of quantitative MUP findings between the two groups

Parameter Group Mean SD Median IQR 95% CI for mean P value 95% CI for difference

Right FDI Duration (ms) Patients
(n = 50)

10.19 1.35 10.2 1.6 9.8/
10.58

0.000* 1.02/ 2.42

Controls
(n = 40)

8.47 1.24 8.6 2.4 7.89/
9.05

Right FDI number of Phases Patients
(n = 50)

3.56 0.57 3.4 0.8 3.39/
3.724

0.001*

Controls
(n = 40)

3.09 0.33 3.1 0.4 2.94/
3.24

Right FDI number of Turns Patients
(n = 50)

3.13 0.71 3 0.99 2.93/
3.34

0.004*

Controls
(n = 40)

2.65 0.4 2.6 0.68 2.47/
2.84

Left EHL Duration (ms) Patients
(n = 50)

11.53 1.53 11.7 1.7 11.09/
11.97

0.000* 0.82/ 2.45

Controls
(n = 39)

9.89 1.48 10.1 2.3 9.18/
10.61

Left EHL number of Phases Patients
(n = 50)

3.91 0.475 3.8 0.6 3.773/
4.043

0.014* 0.06/ 0.53

Controls
(n = 39)

3.61 0.31 3.5 0.5 3.46/
3.76

Left EHL number of Turns Patients
(n = 50)

3.76 0.81 3.75 1.19 3.53/
3.99

0.025*

Controls
(n = 39)

3.32 0.59 3.1 0.56 3.03/
3.61

Left EHL Thickness Patients
(n = 50)

1.4 0.27 1.39 0.34 1.32/
1.48

0.047* 0.002/ 0.27

Controls
(n = 39)

1.27 0.18 1.27 0.19 1.18/
1.35

FDI, first dorsal interosseous; EHL, extensor hallucis longus; SD, standard deviation; IQR, interquartile ratio; CI, confidence interval. * Significant P value < 0.05

Fig. 1 Severity of HN in the patients
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based on clinical findings and from 18 to 73% based on
electrophysiological studies) which may be explained by
the different approaches in defining the presence of
neuropathy and the different spectrum of the selected
cirrhotic patients due to different etiologies and disease
severity [3–6].
The higher prevalence in our study could be attrib-

uted to the extensive approach in electrophysiological
testing of sensory and motor nerves in all limbs to-
gether with the use of quantitative MUP analysis
which offers a more objective way in assessment of
peripheral nerve motor fibers and muscles compared
to the qualitative and subjective approach of routine
EMG test.
This quantitative approach is carried out through

analysis of basic and derived metrics extracted from a
group of selected MUPs from the tested muscles. To
our knowledge, most previous studies which evaluated
the hepatic-related polyneuropathy have only focused
on routine nerve conduction or autonomic function
testes and no one used quantitative MUPs analysis in
cirrhotic patients.

In the current study, the prevalence of HN was higher
when using the combined electrophysiological methods
(NCS and QEMG) than using a single modality (58%
and 48% respectively). This combined approach may
serve for early detection of any subtle or subclinical per-
ipheral nerve dysfunction in the compensated cirrhotic
patients.
Moreover, the results of comparing different elec-

trophysiological parameters using ROC curve analysis
reported that the most sensitive parameters were (in
order) ulnar sensory distal conduction velocity and
peak latency, common peroneal conduction velocity
and ulnar distal motor latency. These sensitive mea-
sures together with lower limb sensory responses
could be used as a rapid screening tool to detect cir-
rhotic patients with polyneuropathy. In concordance
with these results, the peroneal, ulnar, and sural
nerve conduction responses were among the mostly
discriminating nerves of HN in previous studies [4].
In our study, patient age and the severity of liver dis-

ease (assessed by both child and ALBI scores) were
found to have a significant direct mild to moderate

Table 5 Diagnostic accuracy of different electrodiagnostic parameters using ROC curve analysis

Parameter AUC 95% CI for AUC P value Youden index J Associated criterion Sensitivity Specificity

Left ulnar SNAP conduction velocity 0.915 0.801/
0.975

< 0.0001* 0.762 ≤ 47.8 m/sc 76.19 100

Left ulnar SNAP peak latency 0.887 0.765/
0.959

< 0.0001* 0.607 > 2.8 ms 85.71 75

Left peroneal CMAP conduction velocity 0.885 0.764/
0.958

< 0.0001* 0.732 ≤ 48.3 m/s 85.71 87.5

Right ulnar CMAP latency 0.842 0.712/
0.930

< 0.0001* 0.613 > 3.1 ms 73.81 87.5

Right FDI number of phases 0.736 0.591/
0.852

0.0057* 0.439 > 3.7 43.9 100

Right FDI duration 0.733 0.588/
0.849

0.0375* 0.509 > 10 ms 63.41 87.5

Left EHL number of turns 0.732 0.586/
0.848

0.0025* 0.494 > 3.65 61.9 87.5

Left ulnar CMAP conduction velocity 0.726 0.582/
0.843

0.0704 0.554 ≤ 65.2 m/s 92.86 62.5

Left EHL duration 0.724 0.578/
0.842

0.016* 0.375 > 11.8 ms 50 87.5

Left ulnar SNAP amplitude 0.719 0.574/
0.837

0.0826 0.5833 ≤ 24.9 μV 83.33 75

Left EHL thickness 0.693 0.547/
0.816

0.0144* 0.4762 > 1.4286 47.62 100

Right FDI number of turns 0.613 0.463/
0.749

0.3092 0.2866 > 3 53.66 75

Left sural SNAP amplitude 0.607 0.431/
0.765

0.354 0.25 ≤ 6.7 μV 25 100

Left EHL number of phases 0.563 0.413/
0.704

0.4371 0.2143 > 4.3 21.43 100

AUC, area under curve; CI, confidence interval; SNAP, sensory nerve action potential; CMAP, compound muscle action potential; FDI, first dorsal interosseous; EHL,
extensor hallucis longus. * Significant P value < 0.05
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correlation with the severity of HN. Moreover, a signifi-
cant positive correlation was found between smoking
and incidence of HN.
Similarly, Jain et al found that PN was higher in cir-

rhotic patients older than 60 years compared to the
younger age but odds ratio for age was not statistically
significant [6]. Moreover, Santoro et al. found in their
large multi-center study a significant correlation be-
tween the old age and prevalence of PN in HCV popula-
tion [17]. In a large screening study by Beghi et al., the
prevalence of PN among healthy elderly people with no
recognized risk factors was 1.6% compared to 10.9% in
age-matched patients with non-alcoholic liver cirrhosis
[18].
It is well known that elderly are at more risk of periph-

eral nerve dysfunction due to processes of denervation
that occur with normal aging at accelerated rate beyond
60 years of age, and so, it may be difficult to discriminate
the effects of normal aging from pathological conditions
[19–21].
Turning now to the positive correlation between

smoking and HN, a similar relation was found in an-
other study [6]. Moreover, Clair et al. concluded in their
review a positive association between smoking and inci-
dence of diabetic PN through its microvascular

complications and its adverse effects such as systemic in-
flammation, oxidative stress, endothelial dysfunction,
and the resulting hypoxemia [22].
If we moved to the relation between severity of liver

cirrhosis and HN, previous studies showed contradictory
results. While our finding of a positive interrelation ac-
cords with some studies [14, 23, 24], others showed no
significant correlation [4–6].
It is interesting to find in this study a statistically

highly significant inverse moderate correlation between
the albumin level and the findings of most nerve con-
duction studies and FDI duration. The lower the albu-
min level, the more abnormal electrodiagnostic values.
Few previous studies showed a similar relation between
low serum albumin and autonomic neuropathy in cir-
rhotic patients [3, 25]. Moreover, other studies showed
that low serum albumin level had adverse effects on
nerve conduction outcomes and was significantly associ-
ated with the severity of polyneuropathy in patients with
type 2 DM [26, 27].
The exact pathophysiology underlying HN is not

well known; however, different mechanisms were sug-
gested in the literature including the liver failure it-
self, primary causes of liver cirrhosis, or its common
comorbidities.

Table 6 Correlation between clinical, laboratory profile, and electrodiagnostic findings of the patients

NESS RULNML LULNMC LULNSL LULNSC LULNSA LPERMC RFDID RFDIP LEHLD LEHLP

Age r .308* 0.202 − 0.148 0.225 − 0.239 − .310* − .340* − 0.101 .337* 0.014 .283*

P 0.03 0.160 0.306 0.116 0.095 0.029 0.016 0.488 0.018 0.921 0.047

n 50 50 50 50 50 50 50 49 49 50 50

Albumin r − .440** − .372** .418** − .381** .374** 0.203 .442** − .344* − 0.255 0.004 − 0.141

P 0.001 0.008 0.002 0.006 0.007 0.157 0.001 0.015 0.077 0.980 0.328

n 50 50 50 50 50 50 50 49 49 50 50

Bilirubin r − 0.057 − 0.008 0.046 − 0.164 0.249 0.178 0.058 0.103 0.013 0.087 − 0.086

P 0.693 0.958 0.750 0.256 0.081 0.217 0.690 0.483 0.929 0.547 0.553

n 50 50 50 50 50 50 50 49 49 50 50

Platelets r − .280* − 0.121 .343* 0.041 0.051 0.245 .282* − 0.125 − 0.023 0.074 − 0.101

P 0.049 0.401 0.015 0.778 0.726 0.086 0.047 0.393 0.876 0.609 0.487

n 50 50 50 50 50 50 50 49 49 50 50

Child score r .309* 0.123 − 0.177 0.053 − 0.099 − 0.100 − .282* 0.200 0.232 − 0.158 0.127

P 0.029 0.394 0.219 0.716 0.493 0.490 0.048 0.167 0.109 0.273 0.381

n 50 50 50 50 50 50 50 49 49 50 50

ALBI score r − .339* − .318* .383** − 0.251 .281* 0.142 .354* − 0.187 − 0.152 0.023 − 0.177

P 0.016 0.024 0.006 0.079 0.048 0.325 0.012 0.198 0.296 0.874 0.220

n 50 50 50 50 50 50 50 49 49 50 50

NESS, neuropathy electrodiagnostic severity score; RULNML, right ulnar motor latency; LULNMC, left ulnar motor conduction velocity; LULNSL, left ulnar sensory
latency; LULNSC, left ulnar sensory conduction velocity; LULNSA, left ulnar sensory amplitude; LPERMC, left peroneal motor conduction velocity; RFDID, right first
dorsal interosseous duration, RFDIP, right first dorsal interosseous phases; LEHLD, left extensor hallucis longus duration; LEHLP, left extensor hallucis longus phases;
ALT, alanine transaminase; AST, aspartate; INR, international normalized ratio; BMI, body mass index; NSC, neuropathy symptom and change; ALBI, albumin-
bilirubin; r, correlation coefficient
* Correlation is significant at the 0.05 level, ** Correlation is significant at the 0.01 level
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The significant correlation explored in this study be-
tween severity of liver disease, low serum albumin level,
and HN increases the likelihood that the metabolic dys-
function caused by the chronic liver disease itself rather
than its etiology is the primary pathogenetic factor of
HN.
Hepatocellular damage leads to disordered metabol-

ism, reduction of cellular oxidative processes, and accu-
mulation of toxic substances. This disruption results in
functional and toxic inhibition of nerve axonal mem-
brane and a possible damage to Schwann cells [16, 28,
29]. Moreover, alteration of nitrogen metabolism and
disordered insulin metabolism were suggested to have a
role in the pathogenesis of HN [28, 29].
Another early theory of portosystemic shunting was

introduced by Chopra et al. [28]; however, this theory
could be criticized by Kardel at al. who found no signifi-
cant differences in cirrhotic patients who undergone
portocaval shunts [30].
HCV infection is another important independent risk

factor for developing HN especially when associated
with cryoglobulinemia [31, 32]. All patients of our study
were secondary to HCV infection, and so the confound-
ing effect of HCV generating HN could not be explored
or compared to other etiologies of CLD. Other studies
had addressed this issue. For example, Chaudry et al.
found that the prevalence of HN was not significantly
different between cirrhotic patients caused by HCV in-
fection and other etiologies [24]. On the other hand,
Cocito et al. found that HN was more prevalent in
HCV-related liver cirrhosis compared to other disease
groups; however, they stated in their final conclusion
that the primary cause of nerve damage could be the
toxic and metabolic changes resulting from hepatic fail-
ure and that the association between neuropathy and
HCV infection could be random [23].
HCV-related HN was mostly explained by virus-

triggered immune-mediated mechanisms resulting in is-
chemic nerve damage through vascular and perivascular
inflammation and axonal degeneration [33, 34]. Other
studies hypothesized that the nerve dysfunction results
from reduced vascular perfusion due to an imbalance
between potent vasoconstrictors and vasodilators leading
to nerve axonal hyperexcitability [35–37].
The significant relation of low serum albumin to HN

highlights its role being the most abundant circulating
protein in human plasma and has significant effect on
peripheral nerve function through its important anti-
inflammatory and antioxidative functions. Given that in-
flammation and oxidative stress are important patho-
physiologic processes involved in microvascular and
peripheral nerve dysfunction, this may explain the sig-
nificant effect of hypoalbuminemia on development of
HN [38–41].

Our study had several strengths. First, it included a
homogenous group of compensated cirrhotic patients
secondary to HCV infection. Second, we excluded many
confounding factors regarding etiologies and comorbidi-
ties of CLD aiming to strengthen the cause-and-effect
relationship between CLD and PN. Third, we compared
the patient group to healthy age-matched control group
to minimize the confounding effect of old age. Lastly, we
conducted extensive electrophysiological assessment
which included for the first time QMUP analysis in a
such group of patients. On the contrary, our study
lacked assessment of small fiber neuropathy using auto-
nomic functions and quantitative sensory tests.

Conclusions
Peripheral nerve dysfunction is a frequent complication
in patients with compensated HCV-related liver cirrho-
sis. Hepatic-related neuropathy was almost subclinical,
mild to moderate, mainly axonal and involved both sen-
sory and motor fibers. Such HN could be picked up by
meticulous electrophysiological testing and a simple
highly sensitive set of nerve conduction tests could be
used as screening for early detection, management, and
lowering its socioeconomic burden. Finally, HN was re-
lated to the severity of liver cirrhosis and especially to
the lower serum albumin level.
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