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Muscle Alterations Are Associated 
With Minimal and Overt Hepatic 
Encephalopathy in Patients With Liver 
Cirrhosis
Silvia Nardelli ,1 Barbara Lattanzi ,1 Manuela Merli,1 Alessio Farcomeni,2 Stefania Gioia ,1 Lorenzo Ridola,1  
and Oliviero Riggio1

Muscle alterations (myosteatosis and sarcopenia) are frequent in cirrhosis and related to some complications includ-
ing overt hepatic encephalopathy (HE). The aim of our study was to investigate the relationship between muscle 
alterations and minimal HE (MHE) and their role in the risk of overt HE. Sixty-four patients with cirrhosis were 
administered the Psychometric Hepatic Encephalopathy Score and animal naming test to detect MHE. Computed 
tomography was used to analyze the skeletal muscle index and attenuation. The incidence of the first episode of 
HE, taking into account the competing risk nature of the data, was estimated. Myosteatosis was observed in 24 
patients (37.5%), sarcopenia in 37 (58%), and MHE in 32 (50%). Both myosteatosis (62.5% versus 12.5%, P  <  0.001) 
and sarcopenia (84% versus 31%, P  <  0.001) were more frequent in patients with MHE. The variables independently 
associated with the presence of MHE were sarcopenia, previous overt HE, and myosteatosis. Thirty-one (48%)  
patients developed overt HE over 16.1  ±  13 months; myosteatosis was detected in 68% and sarcopenia in 84% of 
them. Sarcopenia and myosteatosis were also independently associated with the development of overt HE. Venous 
ammonia was significantly higher in patients with sarcopenia (62.6  ±  17.7 versus 41.4  ±  16.1 μg/dL, P  <  0.001) and 
in patients with myosteatosis (65.2  ±  19.2 versus 46.7  ±  17.1 μg/dL, P  <  0.001) and inversely correlated to both 
parameters. Survival was significantly lower in malnourished patients compared to patients without myosteatosis or 
sarcopenia (P  <  0.001). Conclusion: Myosteatosis and sarcopenia, probably by reducing the handling of ammonia in 
the muscle, are independently associated with MHE and the risk of overt HE in patients with cirrhosis; in mal-
nourished patients, the amelioration of nutritional status may be a goal to decrease both the prevalence of MHE 
and the incidence of overt HE. (Hepatology 2019;0:1-10).

Sarcopenia is common in patients with cirrho-
sis, with a prevalence that has been reported to 
be as high as 65%-90%.(1) Multiple factors are 

involved in the genesis of sarcopenia: dietary intake 
is inadequate to meet energy expenditure, absorption 
is compromised, and substrate use is impaired due 
to liver disease.(2) Muscular assessment with cross- 
sectional imaging studies has become an attractive 

index of nutritional status,(3,4) and a recent European 
Consensus Statement has identified computed tomog-
raphy (CT) as the gold standard for the detection 
of muscle wasting(5) because it is not biased by the 
f luid overload frequently observed in decompensated 
cirrhosis. With this technique both quantitative and 
qualitative alterations in muscle tissue can be detected. 
Patients with cirrhosis may develop simultaneously 

Abbreviations: ANT, animal naming test; BMI, body mass index; CT, computed tomography; HE, hepatic encephalopathy; HU, Hounsfield 
unit; MHE, minimal HE; PHES, Psychometric Hepatic Encephalopathy Score; SMI, skeletal muscle index; TIPS, transjugular intrahepatic 
portosystemic shunt.
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loss of skeletal muscle and gain of intermuscular and 
intramuscular fat, denominated “myosteatosis.”(6) In 
populations without cirrhosis, myosteatosis increases 
with age and adiposity(7) and is associated with met-
abolic abnormalities(8) and decreased strength and 
mobility.(9) In patients with liver cirrhosis, sarcopenia 
and myosteatosis may alter muscle strength and func-
tion and represent two independent prognostic fac-
tors for survival.(6,10) Moreover, both conditions are 
associated with a higher prevalence of complications 
of liver cirrhosis(10) including hepatic encephalopathy 
(HE).(11) The rationale for a relationship between 
muscle depletion and HE derives from the possible 
involvement of muscle in ammonia metabolism and 
trafficking. In fact, as cirrhosis leads to a decline in 
the capacity of the liver to detoxify ammonia, skeletal 
muscle plays a compensatory role in ammonia metab-
olism and clearance, by the enzyme glutamine syn-
thetase.(12) Therefore, changes in muscle quantity and 
quality may lead to an increase in circulating ammo-
nia levels and have relevant implications in favoring 
HE.

Minimal HE (MHE) is a subclinical cognitive 
impairment frequently observable in patients with 
cirrhosis detectable only by psychometry,(13,14) which 
is strongly associated with the development of overt 
HE.(15,16) Few studies investigated the relationship 
between sarcopenia and MHE(17,18) in cirrhosis, and 
none of them used CT scanning to define muscle 
quantity and quality and MHE. More recently, a ret-
rospective study showed a correlation between mus-
cle alteration and history of overt HE.(11) However, 
as MHE was not considered, the possibility that this 
relationship was actually due to a higher prevalence 
of MHE among the patients with muscle alterations 
cannot be ruled out.

Given this background, we hypothesized that the 
presence of sarcopenia and myosteatosis could be asso-
ciated with the presence of MHE and, independently, 

with the risk of overt HE development during fol-
low-up. A number of multivariate analyses were per-
formed to establish the independent role of sarcopenia 
and myosteatosis in the occurrence of MHE as well as 
in the development of overt HE.

Patients and Methods
From September 2015 to June 2016, all patients 

with cirrhosis admitted into the Centre for the Study 
of Portal Hypertension in Rome with a CT scan per-
formed as a standard of care during liver transplanta-
tion assessment or for the study of hepatic nodules were 
prospectively enrolled. The diagnosis of liver cirrhosis 
was based on clinical, biochemical, and radiological 
signs. At entry, overt HE was excluded by using a set 
of standardized closed questions based on the West-
Haven criteria(19) (Supporting Information). Further 
exclusion criteria were alcohol/psychoactive drug 
intake (positive alcoholemia and/or benzodiazepine or 
opioid urine metabolites) at the moment of the psy-
chometric evaluation, unrelated neurological disease, 
and lack of compliance with psychometric evaluation 
because of language barriers or reduced visual acuity. 
The presence of dementia was also excluded using a 
Mini-Mental State Examination score <26 despite its 
well-known limitation,(20) as described.(21) Patients 
with advanced hepatocellular carcinoma, outside the 
Milan criteria, were also excluded because in these 
patients the prognosis is strongly influenced by neo-
plastic disease. Patients with transjugular intrahepatic 
portosystemic shunt (TIPS) and/or large portosys-
temic shunts and patients with a history of persistent 
or recurrent HE defined by two or more than two epi-
sodes within the last 6 months, even if without overt 
HE on first observation, were also excluded because 
they are at higher risk of developing HE. A detailed 
clinical history was obtained in relation to previous 
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complications of liver cirrhosis, particularly previous 
episodes of overt HE. Patients were qualified as hav-
ing a positive history if a previous episode of overt 
HE or grade 2 or higher HE (according to the West 
Haven criteria) was documented by a previous hos-
pitalization.(22) All the other parameters (Child-Pugh 
class and score, Model for End-Stage Liver Disease 
score, serum sodium and albumin levels) were col-
lected during the enrollment hospitalization.

An informed, written consent for the collection 
and evaluation of demographic and clinical data was 
obtained. The “Sapienza” University of Rome Ethical 
Committee approved the study and allowed collection 
of the data (Rif.1720/01.10.09).

BoDy MaSS INDeX 
CalCUlatIoN aND Ct SCaN 
eValUatIoNS

Body mass index (BMI) was calculated to have a 
screening evaluation of the patient’s nutritional sta-
tus and used in the determination of the myosteato-
sis cutoff.(6) In patients with ascites, the body weight 
for BMI calculation was detected in the absence of 
fluid retention (dry body weight) as recommended 
by the European Association for the Study of the 
Liver (EASL) guidelines on nutrition in chronic 
liver diseases.(23) For the quantitative analysis of 
muscle mass, the transverse CT image at the L3 
level was selected for each scan. All CT images 
were analyzed by two trained observers (B.L., S.N.), 
and images were analyzed with SliceOmatic V4.2 
software (Tomovision, Montreal, Canada), which 
enables specific tissue demarcation using previ-
ously reported Hounsfield unit (HU) thresholds.(11) 
Skeletal muscle is identified and quantified by HU 
thresholds of –29 to +150, as described(24); and with 
these specific HU thresholds, measurements of skel-
etal muscle index (SMI) are not influenced by the 
presence of ascites. Cross-sectional areas (square 
centimeters) were automatically computed by sum-
ming tissue pixels and multiplying by pixel surface 
area. Muscle cross-sectional area was normalized 
for stature (square centimeters per square meter) to 
obtain the L3 SMI. Sarcopenia was defined accord-
ing to validated cutoff values in patients with cir-
rhosis: L3 SMI < 39 cm2/m2 for female patients and 
<50 cm2/m2 for male patients.(25) The following HU 
thresholds were used for adipose tissues: –190 to 

–30 for subcutaneous and intermuscular adipose tis-
sue(26) and –150 to –50 for visceral adipose tissue.(27)

Because muscle attenuation indirectly measures 
fat infiltration in muscles, mean muscle attenua-
tion in HU was reported for the entire muscle area 
from the same image used to calculate L3 SMI. To  
define myosteatosis, we used cutoff values that have 
been associated with mortality: <41 HU in patients 
with a BMI up to 24.9 and <33 in those with a  
BMI ≥ 25.(6,28)

eValUatIoN oF MHe
The psychometric evaluation was performed in a 

quiet room, with no distracting noises. All patients 
underwent the Psychometric Hepatic Encephalopathy 
Score (PHES) battery, including the digit-symbol 
test, the trail-making tests A and B, the serial-dotting  
test, and the line-tracing test.(29) Each test was scored 
against age-adjusted and education-adjusted norms 
for the Italian population. The PHES is the sum 
of integer scores of each test computed from the 
adjusted z values as follows: score –3 for z ≤ –3, score 
–2 for –3  <  z  ≤  –2, score –1 for –2  <  z  ≤  –1, score 
0 for –1  <  z  <  1, score 1 for z ≥ 1. A PHES  ≤  –4 
was considered abnormal.(30) Moreover, to support 
the diagnosis of MHE, all patients underwent the  
animal naming test (ANT) that consists of the maxi-
mum number of animals listed in 1 minute, as recently  
described.(31) Patients were considered to be affected 
by MHE when two tests (PHES + ANT) were abnor-
mal, according to EASL/American Association for 
the Study of Liver Diseases guidelines.(32) The asses-
sors of MHE were blinded to the results of the nutri-
tional assessment.

FolloW-Up
All patients were offered follow-up in the out-

patient department with repeated ultrasound and 
laboratory investigations every 6 months and endo-
scopic evaluation every 1 or 2 years. Patients and 
their families were instructed on the importance of 
adhering to the scheduled visits and to contact the 
medical staff immediately should any alteration in 
the mental status occur between scheduled reviews. 
In particular, the family was instructed to report the 
occurrence of lethargy, apathy, obvious personality 
change, inappropriate behavior, or disorientation in 



Hepatology, Month 2019NARDELLI ET AL.

4

time and place, which correspond to the occurrence 
of a grade 2 alteration in the patient’s mental status. 
In this case, HE evaluation including the psycho-
metric performance was repeated by medical staff 
to confirm and stage the degree of HE. Patients 
with an overt episode of HE reached the main end-
point of the study. Patients were contacted by phone 
every 3 months to check on their adherence to the 
scheduled follow-up. Patients were followed up until 
death, liver transplantation, or the last available out-
patient review.

StatIStICal aNalySIS
The data are reported as mean ± SD. Comparisons 

between groups were performed by unpaired Student 
t or chi-squared test. Logistic regression analysis was 
used to identify clinical and biochemical variables 
independently and significantly associated to MHE, 
a variable that is not time-dependent. We estimated 
the cumulative incidence of the first episode of HE 
(time-dependent variable) during the follow-up, tak-
ing into account the nature of the competing risks 
in the data (HE before liver transplantation, death, 
and liver transplantation are competing events). 
Additionally, the conditional subdistribution haz-
ard at multivariate analysis was evaluated using the 
model of Fine and Gray.(33) The factors associated 
with the development of HE were initially evaluated 
by univariate models (using univariate Fine and Gray 
models) and then included in multivariate analyses 
(according to multivariate Fine and Gray models). In 
our final multivariate models we included one covari-
ate per 10 events for MHE and one per 15 events for 
the incidence of overt HE. Final models were cho-
sen using forward stepwise selection by minimizing 
the Akaike information criterion. The final multi-
variate logistic regression model was also compared 
with Firth bias-reduced penalized-likelihood logistic 
regression, where we found similar results. We report 
the results of Firth bias-reduced regression. Finally, 
in order to deal with possible confounding, we also 
estimated overparameterized multivariate models in 
which we included all measured possible confound-
ers. Because the number of covariates included in that 
model was large, we bias-corrected the estimates using 
a nonparametric bootstrap procedure based on 1,000 
replicates. Software R, version 3.4.2, was used for all 
computations.

Results
Of the 105 patients with cirrhosis admitted to our 

department from September 2015 to June 2016, some 
were excluded: 15 for the presence of overt HE (grade 
2 or more), 5 for positive alcoholemia, 6 for psycho-
active drug intake, 10 for altered Mini-Mental State 
Examination (< 26) or neurological diseases, and 5 for 
lack of compliance with psychometric tests. The demo-
graphic, clinical, and biochemical characteristics of all 
patients enrolled in the study are reported in Table 1.

Sarcopenia according to SMI cutoff was present in 
37 patients (58%); compared to the patients without 
sarcopenia, patients with muscle depletion had more 
often a previous history of HE (43% versus 15%, 
P  =  0.02) and were more often classified as affected 
by MHE (73% versus 18.5%, P < 0.001), according to 
the PHES. Venous ammonia was higher in patients 
with sarcopenia than in patients without sarcopenia 
(62.6  ±  17.7 versus 41.4  ±  16.1 µg/dL, P  <  0.001). 
Moreover, muscle attenuation was significantly lower 
in patients with sarcopenia than in patients without 
sarcopenia (29.9 ± 8.1 versus 37.5 ± 7.7 HU, P < 0.001).

According to the cutoff based on muscle attenua-
tion and BMI, myosteatosis was present in 24 patients 
(37.5%). Compared to the patients without myoste-
atosis, patients with fatty infiltration of the muscle 

taBle 1. Demographic and Clinical Characteristics of the 
patients enrolled in the Study

Patients (n = 64)

Sex (M/F) 48/16

Age (years) 56.7 ± 10.1

Etiology (virus/alcohol/NASH/other) 45/13/4/2

MELD 13.9 ± 5.6

Child-Pugh class (A/B/C) 20/33/11

Child-Pugh score 7.7 ± 1.8

Previous HE (no/yes) 44/20

Gastrointestinal bleeding (no/yes) 50/14

Ascites (no/yes) 28/36

Hemoglobin (g/dL) 11.6 ± 2.2

Bilirubin (mg/dL) 3.3 ± 6.1

Albumin (g/dL) 3.3 ± 0.6

INR 1.5 ± 0.3

Sodium (mEq/L) 135.7 ± 4.2

BMI (kg/m2) 22.8 ± 3.8

Abbreviations: INR, international normalized ratio; MELD, 
Model for End-Stage Liver Disease; NASH, nonalcoholic steato-  
hepatitis.
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had lower albumin (2.9  ±  0.6 versus 3.4  ±  0.6 g/dL, 
P = 0.006) and sodium (134.2 ± 4.9 versus 136.6 ± 3.4 
mEq/L, P = 0.03) levels and were more often classi-
fied as affected by MHE (83% versus 50%, P < 0.001), 
according to the PHES. Venous blood ammonia was 
higher in patients with myosteatosis (65.2 ± 19.2 ver-
sus 46.7 ± 17.1 µg/dL, P < 0.001).

Statistically significant correlations were observed 
between SMI and muscle attenuation (direct, Fig. 1A), 
SMI and ammonia (inverse, Fig. 1B), and ammonia 
and muscle attenuation (inverse, Fig. 1C), indicating 
that low muscle mass and high fat infiltration corre-
spond to high ammonia levels.

MHE was diagnosed at entry and observed in half 
of the patients. The comparison between patients with 

and without MHE is reported in Table 2. Patients with 
MHE, compared to those without, had a higher prev-
alence of ascites and overt HE in the past. Notably, 
venous blood ammonia was significantly higher as was 
the presence of sarcopenia or myosteatosis in patients 
with MHE than in those without. Finally, a signifi-
cant correlation was found between SMI and PHES 
(Fig. 1D).

In order to establish the relative role of the vari-
ables significantly associated with MHE at the uni-
variate analysis and taking into consideration the 
prevalence of MHE in our sample (for details, see 
Statistical Analysis above), we performed two multi-
variate analyses, both reported in Table 3. In the first 
model the variables independently associated with 

FIg. 1. Pearson’s correlations between SMI and muscle attenuation (A), SMI and ammonia (B), muscle attenuation and ammonia (C), 
and SMI and PHES (D).
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the presence of MHE were sarcopenia, myosteato-
sis, and history of previous overt HE (Table 3). In 
the second model we included all known and mea-
sured possible confounders and bias-corrected the 
estimates using a nonparametric bootstrap proce-
dure based on 1,000 replicates. In the second model 
sarcopenia and previous overt HE were signifi-
cantly related to MHE, while the relations between 
myosteatosis and MHE (P  =  0.053) and low albu-
min (P  =  0.052) were at the limit of significance 
(Table 3).

During a mean follow-up of 14.9  ±  12.5 months, 
31 patients (48%) experienced grade 2 or higher HE. 
A precipitating factor was identified in 25 patients 
(80%): 12 episodes (48%) were caused by infections, 
6 (24%) by diuretic overdose and electrolyte disorders, 
4 (16%) by gastrointestinal bleeding, and 3 (12%) by 
constipation. On multivariate analysis, sarcopenia and 
myosteatosis were independently associated with the 
development of overt HE according to the first model 
(Table 4). In the second model, we included all known 
and measured possible confounders and bias-corrected 

the estimates using a nonparametric bootstrap proce-
dure based on 1,000 replicates. In the second model 
sarcopenia, previous overt HE, and low albumin were 
significantly related to overt HE (Table 4).

During the episode, patients with grade 2 or higher 
HE were often unable to complete the PHES, and 
they were graded according to the standardized closed 
questions (21 patients experienced grade 2, 8 patients 
grade 3, and 2 patients grade 4). In 25 of 31 patients 
who experienced overt HE, PHES was repeated after 
the resolution of overt HE and MHE was observed 
in 12 patients (48%).

taBle 2. Comparison of Demographic and Clinical 
Characteristics Between patients With and Without MHe

MHE– (n = 32) MHE+ (n = 32) P

Sex (M/F) 24/8 24/8 1

Age (years) 56.2 ± 9.7 57.2 ± 10.5 0.69

Etiology (virus/alcohol/other) 21/6/5 24/7/1 0.22

MELD 13.3 ± 5.2 14.2 ± 5.7 0.48

Child-Pugh class (A/B/C) 15/12/5 6/21/5 0.06

Child-Pugh score 7.4 ± 1.9 8 ± 1.7 0.14

Previous HE (no/yes) 28/4 16/16 0.001

Ascites (no/yes) 18/14 9/23 0.02

Gastrointestinal bleeding 
(no/yes)

24/7 25/6 0.75

Bilirubin (mg/dL) 2.5 ± 2.6 4.1 ± 8.2 0.30

Albumin (g/dL) 3.5 ± 0.5 3 ± 0.6 0.004

INR 1.5 ± 0.4 1.5 ± 0.4 0.83

Sodium (mEq/L) 136.6 ± 3.9 134.8 ± 4.3 0.09

NH3 (µg/dL) 43.5 ± 16.3 63.8 ± 18.1 <0.001

ANT (no. animals) 15.3 ± 5.2 11.4 ± 2.5 <0.001

SMI (cm2/m2) 50.7 ± 10.9 41.8 ± 7.7 <0.001

Sarcopenia (no/yes) (%) 22/10 (31) 5/27 (84) <0.001

Muscle attenuation (HU) 37.2 ± 8.1 29.1 ± 7.4 <0.001

Myosteatosis (no/yes) (%) 28/4 (12.5) 12/20 (62.5) <0.001

Mean ± SD.
Abbreviations: INR, international normalized ratio; MELD, 
Model for End-Stage Liver Disease; NASH, nonalcoholic stea-
tohepatitis; NH3, serum ammonia.

taBle 3. Results of Multivariate analyses predicting MHe

OR CI Lower CI Upper P

Firth bias-reduced logistic regression analysis

Sarcopenia 5.33 1.53 20.43 0.008

Previous overt HE 5.48 1.33 26.97 0.018

Myosteatosis 7.54 1.97 34.32 0.002

Overparameterized logistic regression analysis after bias reduction using 
bootstrap

MELD score 0.95 0.81 1.06 0.314

Sarcopenia 2.87 1.02 22.23 0.046

Previous overt HE 2.69 1.16 25.03 0.030

Myosteatosis 2.51 0.97 22.23 0.053

NH3 1.01 0.98 1.07 0.266

Albumin 0.39 0.05 1.01 0.052

Abbreviations: CI, confidence interval; MELD, Model for End-
Stage Liver Disease; NH3, serum ammonia; OR, odds ratio.

taBle 4. Results of Multivariate analyses predicting  
overt He

sHR CI lower CI upper P

Firth bias-reduced multivariate analysis

Sarcopenia 21.55 2.55 181.93 0.005

Myosteatosis 5.47 1.88 15.95 0.002

Overparameterized multivariate analysis after bias reduction using 
bootstrap

MELD score 0.95 0.87 1.05 0.38

Sarcopenia 18.3 2.82 29.3 0.005

Previous overt HE 2.15 1.03 5.26 0.04

Myosteatosis 1.29 0.45 3.81 0.60

NH3 0.99 0.96 1.01 0.60

MHE 2.60 0.75 13.0 0.11

Albumin 0.35 0.13 0.94 0.03

Mean ± SD.
Abbreviations: CI, confidence interval; MELD, Model for End-
Stage Liver Disease; NH3, serum ammonia; OR, odds ratio; 
sHR, subdistribution hazard ratio.
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The incidence of HE, taking into account as a 
competitive risk death or liver transplantation, was 
significantly higher in patients with sarcopenia or 
myosteatosis than in those without (Figs. 2 and 3).

During the same follow-up, 25 patients died (39%). 
The main causes of death were infections and sepsis 

(33%), liver failure (36%), variceal bleeding (12%), and 
other causes not related to liver disease (19%). The 
overall survival was significantly lower in patients 
with sarcopenia than in those without (36% versus 
64%, P  <  0.001), as well as in patients with myoste-
atosis compared to those without (10% versus 90%, 
P < 0.001).

Discussion
In this study we investigated the association 

between myosteatosis and MHE, and we confirm 
a strong correlation between muscle alterations 
and cognitive impairment in patients with cirrho-
sis. Skeletal muscle abnormalities are frequently 
observed in patients with cirrhosis(1) and are asso-
ciated with more clinical complications(10,11) and 
worse survival(6) compared to patients with cirrhosis 
who do not have muscle alterations.

In patients with cirrhosis, the relationship between 
malnutrition, survival, and occurrence of complica-
tions has been known for a long time.(34) Especially 
protein malnutrition is important in this relationship. 
However, the study of protein malnutrition in patients 
with cirrhosis is difficult, especially in the advanced 
stage of the disease. Methods based on the estimation 
of muscle wasting, such as anthropometry, have been 
shown to be more accurate.(35) In our study, sarcopenia 
was diagnosed by CT scan, which is now considered 
one of the tools to optimally quantify the skeletal mus-
cle mass and for the identification of patients with sar-
copenia and cirrhosis.(36-38) Although related to other 
diagnostic tools such as dual-energy X-ray absorpti-
ometry and mid-arm muscle circumference (MAMC) 
determined anthropometrically, CT scanning is able 
to identify a larger number of patients with sarco-
penia and cirrhosis compared to other methods.(39) 
Moreover, CT scanning, by using muscle attenuation, 
is indirectly able to measure muscle fat infiltration 
and to add information not only on quantity but also 
on the quality of muscle tissue. Similar results can be 
obtained by evaluating the fat-free muscle mass using 
magnetic resonance, as recently reported in patients 
with cirrhosis subjected to TIPS.(40) When estimation 
of muscle function is required, assessment of muscle 
quality cannot be eluded, especially because patients 
with sarcopenic obesity have been described. The use 
of BMI, although limited in patients with cirrhosis 

FIg. 3. Cumulative incidence of overt HE among patients with 
and without myosteatosis.

FIg. 2. Cumulative incidence of overt HE among patients with 
and without sarcopenia.
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by the possibility of fluid retention, is considered a 
reliable tool to identify obese patients and to correct 
the data derived by the CT examination in order to 
obtain cutoff values for myosteatosis. In our samples 
none of the patients was classified as obese according 
to the BMI values.

The association between sarcopenia and HE 
seems to be more complex than previously thought. 
The more straightforward interpretation is that 
muscle is an alternative site for ammonia detox-
ification, when the liver is impaired by cirrhosis. 
Thus, it follows that the presence of sarcopenia 
leads to a higher risk of HE.(17,41) However, more 
recently, it has been suggested that ammonia may 
itself contribute to sarcopenia in patients with cir-
rhosis by interfering with protein remodeling, gen-
erating a vicious cycle where sarcopenia promotes 
HE and hyperammonemia and hyperammonemia 
further worsens sarcopenia.(42) In order to confirm 
this hypothesis, a recent animal model showed that 
treatment of hyperammonemia improved skeletal 
muscle strength and mass.(43) Also, in our study, 
higher levels of ammonia were found in patients 
with MHE and in malnourished patients.

The relationship between myosteatosis and HE is 
even less clear than that between sarcopenia and HE. 
One hypothesis is that fat infiltration, by reducing 
the fat-free mass, may contribute to the reduction of 
ammonia removal by glutamine synthetase, which is 
supposed to be a function of muscle cells. The signif-
icant correlation reported in Fig. 3 between ammonia, 
SMI, and muscle attenuation seems to support this 
hypothesis. Another possibility is that intermuscu-
lar and intramuscular adipose tissue may contribute 
to increasing the inflammatory cytokines, which has 
been described in patients with cirrhosis and is sup-
posed to increase the ammonia toxicity.(44)

Previous studies have examined the potential role 
of muscle wasting and function in the neurocogni-
tive alterations in patients with cirrhosis. Handgrip 
strength, used to assess muscle function in 84 patients 
with cirrhosis, was found to be an independent pre-
dictor of complications, including HE.(16) In a pro-
spective study of 300 patients with cirrhosis, we found 
that muscle depletion, detected by MAMC, and 
muscle function, detected by handgrip strength, were 
related to clinically overt HE at admission and in the 
last 12 months as well as to the presence of covert HE 
detected by the PHES.(17) Both these observations are 

confirmed in the present study, in which muscle wast-
ing was detected by CT scan, which is considered the 
gold standard.

Although few studies have investigated the rela-
tionship between sarcopenia and minimal and overt 
HE(15-18) in cirrhosis, only one retrospective study 
analyzed the correlation between myosteatosis and a 
history of HE(11) and no study has evaluated the link 
between myosteatosis and MHE. In this study we 
found that myosteatosis is an independent risk factor 
for the presence of MHE and for the development of 
overt HE. The main limitations of our study are the 
small sample size and the selection bias of including 
only patients with cirrhosis with a CT scan. Moreover, 
the relationship between muscle wasting and HE seen 
in the present study is based on statistical correlations 
and would be better supported by the demonstra-
tion that improvement of sarcopenia and myosteato-
sis may lead to improvement of a patient’s cognitive 
function. Another limitation of the study is that we 
did not have a second CT scan at follow-up and a 
consequent psychometric evaluation, and thus, we are 
not able to relate the modification of muscle parame-
ters that eventually occurred in patients with cirrhosis 
with modification of the cognitive impairment. The 
relationship between the evolution of muscle wast-
ing and the patients’ cognitive impairment would be 
very interesting and could better support the associa-
tion between malnutrition and HE. We have recently 
published a paper on the modification of muscle mass 
and the evolution of HE after a TIPS, a procedure 
able to spontaneously ameliorate the muscle mass, at 
least in some patients. In this setting we described 
that the patients with a muscle wasting ameliora-
tion after TIPS placement obtained an improvement 
of the cognitive impairment and a lower number of 
episodes of overt HE in the follow-up,(45) supporting 
a causal relationship between muscle alterations and 
HE. Unfortunately, at the moment, the amelioration 
of muscle wasting independent of that occurring in 
some patients after a TIPS for still unknown reasons 
is hard to obtain in patients with cirrhosis.

In conclusion, our study indicates that muscle wast-
ing and muscle quality are strongly associated with 
the presence of MHE and favors the development of 
HE in patients with cirrhosis. The mechanisms link-
ing muscle alteration to HE are probably related to 
the failure in ammonia handling by the wasting mus-
cles, which probably reduces their capacity to increase 
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glutamine synthesis from ammonia. A consequence of 
these observations is that measures to avoid malnutri-
tion should be considered to prevent this complication. 
The possibility of reducing the burden of HE as well 
as other complications of liver cirrhosis by improving 
a patient’s nutritional status needs further studies.
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