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Abstract Hepatic encephalopathy (HE) is a late complication
of liver cirrhosis and is clearly associated with poor outcomes.
Chronic liver insufficiency leads to progressive muscle
wasting, impairing ammonia metabolism and thus increasing
the risk for HE. Given the association between lean mass and
adductor pollicis muscle thickness (APMT), it has been used to
predict outcome and complications in many conditions, but not
yet in cirrhotic patients. Therefore, this article aimed to study
the association between HE manifestations and measures relat-
ed to muscle mass and strength. This cross-sectional study
included 54 cirrhotic outpatients with HE varying from sub-
clinical to grade II according to the West-Haven criteria, who
were submitted to neuropsychometric tests, electroencephalo-
gram, brain Single Photon Emission Computed Tomography
(SPECT), anthropometric measurements, handgrip strength
(HGS) and dual energy X-ray absorptiometry exam (DXA).
Multiple logistic regression analysis was performed to investi-
gate the association between body composition measures and
HE grade. Analysis of the area under the receiver operator
characteristic (AUROC) curve revealed the values related to
neurological manifestations (HE grades I and II). Reductions
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in APMT and HGS were associated with higher HE grades,
suggesting a big impact caused by the loss of muscle mass and
function on HE severity. The link between HE manifestations
and anthropometric measures, namely APMT and HGS, point
to a significant relation concerning skeletal muscles and the
neurological impairment in this population.
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Introduction

Hepatic encephalopathy (HE) is one of the worst conse-
quences of chronic liver failure, affecting both patient and
caregiver quality of life (Bajaj et al. 2011; Bianchi et al.
2012; Vilstrup et al. 2014a, b). It is also linked to high mor-
tality rates among patients with liver cirrhosis (Stewart et al.
2007; Romero-Gomez et al. 2015). In HE physiopathology,
inflammation and ammonia homeostasis involve multiple or-
gan systems, namely the gut, the kidneys and the muscles
(Tapper et al. 2015).

Skeletal muscles can reduce levels of ammonia by
converting it to glutamine via glutamine synthetase, thus de-
creasing ammonia content and avoiding HE manifestations
(Butterworth 2002; Vilstrup et al. 2014a, b; Tapper et al.
2015). Prognosis of cirrhotic patients is noticeably affected
by muscle loss, while patients with sarcopenia or malnutrition
have an increased risk of HE (Romeiro and Augusti 2015;
Kalaitzakis et al. 2007; Huisman et al. 2011; Montano-Loza
et al. 2012; Merli et al. 2013). Therefore, nutritional assess-
ment of these patients is essential, with special attention on
their muscle mass, in order to prevent or treat possible nutri-
tional disorders.
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However, the assessment of body composition in cirrhotic
patients is a challenging task. They often present fluid reten-
tion, even before the clinical detection of ascites or edema
(McCullough et al. 1991). Cirrhosis leads to a high catabolism
of’body fat and lean mass, which after a short overnight fasting
period is comparable to that of healthy individuals after 2-
3 days of starvation (Cheung et al. 2012). Loss of muscle mass
is predominant in these patients, suggesting that sarcopenia is
the best definition for their nutritional disorder (Periyalwar
and Dasarathy 2012). As muscle wasting is not strictly accom-
panied by body fat depletion, they can also present overweight
or obesity, so in this last condition they are classified as
sarcopenic-obese (Berzigotti et al. 2011; Jeejeebhoy 2012).

The diagnosis of sarcopenia and sarcopenic obesity can be
obtained from the dual energy X-ray absorptiometry exam
(DXA). This method allows the calculation of the appendicu-
lar muscle mass index (AMMI), which has already been ap-
plied to cirrhotic patients for providing an accurate measure of
lean mass, less influenced by hydration status and overweight
(Hayashi et al. 2013). Individuals with AMMI lower than two
standard deviations below the gender-specific reference value
for healthy adults (<7.26 kg/m? for men and <5.45 kg/m? for
women) are diagnosed as sarcopenic; sarcopenic obesity oc-
curs when sarcopenia is associated with fat mass percentages
greater than 27 % for men and above 38 % for women
(Baumgartner et al. 1998;. Baumgartner 2000; Waters et al.
2008; Prado et al. 2012). In spite of the advantages of DXA for
evaluating body composition changes, it is not recommended
as a follow-up method because of the ionizing radiation in-
volved. Another limitation is that DXA is not easily applicable
to HE patients. Therefore, bedside measures constitute the
most frequently applied techniques for evaluating these pa-
tients in routine assessments.

Despite some discussion related to accuracy and reproduc-
ibility, anthropometric measures are widely useful and recom-
mended for cirrhotic patients (Plauth et al. 2006; Bémeur et al.
2010; Chadalavada et al. 2010). These methods are radiation-
free, low-cost and easy-to-perform techniques that can be ap-
plied over time in HE patients. Of note, some bedside tech-
niques such as handgrip strength (HGS) and mid-arm muscle
circumference (MAMC) are good indicators of which patients
are at risk for HE, but few studies evaluated these associations
between anthropometric indicators and HE (Alvares-da-Silva
2005; Merli et al. 2013). Therefore, this study aimed to
analyze the relations between HGS, body composition mea-
sures and HE severity in cirrhotic patients.

Methods
It was a cross-sectional study in which cirrhotic patients with

HE and aged more than 18 years were selected to participate.
The study was approved by the local Ethics Committee
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(protocol 4334-2012) and carried out according to the
Declaration of Helsinki and its revisions. Informed consent
was obtained from all individual participants included in the
study. The diagnosis of cirrhosis was made by liver biopsy or
by associating clinical, laboratorial and imaging exams (radio-
logical and/or endoscopic findings compatible with cirrhosis
and portal hypertension). Psychometric tests (number connec-
tion test), electroencephalogram (EEG) and brain Single
Photon Emission Computed Tomography (SPECT) were per-
formed to assess psychometric performance, cortical activity
and cerebral perfusion, respectively.

HE staging was based on the West Haven criteria described
by Blei et al., further endorsed by Amodio et al. and improved
by the recent Guidelines (Blei 2000; Blei and Cérdoba 2001;
Amodio et al. 2004; Vilstrup et al. 2014a, b). Grade 0 included
individuals without neurological manifestations, whose diag-
nosis was made only from the results of the aforementioned
exams. Grades I and II were established according to the clin-
ical manifestations, which were documented by two skilled
doctors (FGR and LCF) on specific forms, detailing all symp-
toms and signals presented by the patients according to the
current Guidelines (Vilstrup et al. 2014a, b). Patients with
excessive somnolence, hepatic coma or other serious neuro-
psychiatric diseases were excluded. The dependent variable
was the HE grade while the independent variables were age,
handgrip strength, Model for end stage liver disease (MELD)
score and body composition measures from anthropometry
and DXA.

Study protocol

The subjects were submitted to EEG, brain SPECT, clinical
exams, laboratory tests and body composition evaluation,
which was composed of anthropometric measures, handgrip
strength test and DXA. The clinical exam was focused on
ascites and HE grading. Laboratory tests included albumin,
ammonia, creatinine, international normalized ratio and total
bilirubin.

Interictal EEG was performed with a 32-channel recorder
(Nihon Kohden, Tokyo, Japan). Electrodes were positioned
according to the 10-20 international system of electrode
placement. All records were performed with 20 min long, with
photic stimulation and hyperventilation, and were qualitative-
ly analyzed by one neurologist who was unaware of the clin-
ical data. The exams were divided in normal or abnormal
according to the presence of electroencephalographic signs
of encephalopathy based on the background activity
(Amodio et al. 1999).

Brain SPECT was performed with the patient in supine
position and free from audiovisual stimulus for at least
20 min before the acquisitions. Alcohol, caffeine and stimu-
lants were prohibited since the day before the exam. One hour
before the acquisition, the subjects received 1110 MBq
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(30 mCi) of 99mTc-bicisate ethyl cysteinate dimer (ECD)
through a peripheral vein. Images were acquired by a dual-
headed gamma camera (Millennium MG system, General
Electric, United Kingdom). The photopeak data were obtained
with a 20 % energy centered at 140 keV using low energy and
high-resolution (LEHR) collimators. The data were acquired
ina 128 x 128 matrix over 360° rotation performing 65 frames
of 25 s duration. Filtered backprojection reconstruction
(Butterworth filter 5, critical frequency of 0.5 cycles/min)
was applied as recommended (Morano and Seibyl 2003;
Sunil et al. 2012). A specialist who was unaware of the clinical
data used the software Statistical Parametric Mapping (SPM)
(Wellcome Trust Centre for Neuroimaging, London) version 8
for the analysis. The exams were divided in normal or abnor-
mal according to the presence of regions of abnormal cerebral
perfusion (Sunil et al. 2012).

Anthropometric measurements collected were weight,
height, arm circumference (AC), triceps skinfold (TSF)
and adductor pollicis muscle thickness (APMT). Weight
and height were measured on a digital scale platform with
stadiometer (Filizola® ID 1500), in which the weight
values obtained were adjusted according to the presence
of edema and/or ascites as previously recommended
(James 1989). The body mass index (BMI) was obtained
by calculating the dry weight divided by the square of the
height.

After finding the midpoint between the acromion and the
olecranon, AC and TSF were measured as previously stated
(Callaway et al. 1988; Harrison et al. 1988). To measure TSF,
the fold of fat was pinched with the caliper (Lange®) and the
mean value of three measures was registered. APMT was
measured with the arm bent at 90° and with the dominant hand
relaxed on the knee, using the same caliper and pinching the
adductor muscle between the thumb and the forefinger, regis-
tering the mean value of 3 measurements, as recommended
(Lameu et al. 2004). The mid-arm muscle circumference
(MAMC) and the correct mid-arm muscle arca (CAMA)
was then obtained using the following formulas:
MAMC (cm) = AC — 7 x (TSF = 10) and CAMA (cm?®) =
[(AC—7xTSF+10)*/47]—6.5 for women and
CAMA (ecm?)=[(AC—7x TSF+10)*/47]—10 for men
(Blackburn and Harvey 1982).

Handgrip strength (HGS) was registered by a dynamome-
ter (Saehan grip - Saechan Corporation, South Korea) encour-
aging the patients to maximize their effort during each
strength test, which were measured from the non-dominant
hand with the patient seated and the forearm flexed from the
elbow at a 90° angle. Three attempts were required, with 30 s
of resting between each one, then registering the highest value
obtained (Alvares-da-Silva 2005).

The DXA (Discovery QDR - Hologic, Inc.) was performed
to obtain the appendicular muscle mass index (AMMI), cal-
culated by dividing the sum of appendicular muscle mass of

the four members, free of fat and bone, by the square of the
height (Baumgartner et al. 1998).

Statistical analysis

Descriptive analysis was based on mean and standard devia-
tion (SD) for parametric data and on median and interquartile
ranges for non-parametric data. The sample was divided into
three groups based on HE grades, and multiple logistic regres-
sion analysis was performed to analyze the association be-
tween anthropometric measurements and HE severity. Then,
the cutoff points of the significant variables were calculated by
the area under receiver operator characteristic (AUROC)
curve analysis to find the values associated with neurological
manifestations (HE grades I and II). The statistical signifi-
cance level was defined as p < 0.05. The software SAS
(Statistical Analysis System) for Windows, v.9.3 was used to
make the analysis.

Results

Sixty-three subjects were recruited from hepatology outpa-
tient appointments. Five of them died and four were excluded
for not completing the nutritional assessment. Thus, the sam-
ple consisted of 54 individuals (30 men and 24 women) aged
56.9 £ 11 years-old with a median MELD score of 13 points.
Most of the subjects had Child-Pugh B cirrhosis and HE grade
L. All the patients had altered psychometric tests, and the me-
dian value obtained from the number connection test was 85
points (63.25 — 193.25). One subject died before undergoing
the EEG and another one did not return to accomplish the
EEG and the SPECT exams. All the other patients completed
the study protocol. The subjects’ characteristics are summa-
rized in Table 1. The main neurological manifestations pre-
sented by patients with HE grades I and II were psychomotor
slowing (25 subjects), asterixis (23 subjects), shortened atten-
tion span (21 subjects), disturbances of the sleepwake cycle
(17 subjects), slowness of speech (14 subjects) and mild per-
sonality changes (9 subjects).

The results of anthropometric measurements, handgrip
strength and AMMI are shown in Table 2. Based on the
AMMI values, 17 % of the subjects had sarcopenia (5 men
and 4 women).

In the logistic regression model, APMT and HGS were the
only anthropometrics measurements related to changes in HE
grade. Reductions of 1 mm in APMT and 1 kg in HGS were
associated with odds of 30.7 % and 12.2 % of increasing HE
grade, respectively (Table 3). The odds of change between HE
Grades 0 and I were the same for changing between the grades
Iand II.

Given that APMT and HGS were related to alterations in
HE grade, the discriminative power of the model was
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Table 1 Main characteristics of the sample (n = 54)
Variables Categories Subjects  Percentages
Sex Men 30 55.6
Women 24 44.4
Age group (years) 2040 5 9.2
40-60 28 51.9
60-80 21 389
Cirrhosis etiology Alcohol 22 37.0
Viral Hepatitis 18 334
Other causes® 14 29.6
Child-Pugh classification A 12 22.2
B 36 66.7
C 6 11.1
HE Grades 0 20 37
1 31 57.4
I 3 5.6
EEG results (n = 52) Normal 21 40
Altered 31 60
Brain SPECT results (n = 53) Normal 25 47
Altered 28 53

# autoimmune hepatitis (n = 5), non-alcoholic fatty liver disease (n = 3)
and cryptogenic cirrhosis (n = 6). EEG electroencephalogram, HE hepatic
encephalopathy, SPECT Single Photon Emission Computed
Tomography. HE grading was performed according to the West Haven
criteria

evaluated by the ROC curve analysis to determine their best
cutoff values as markers of neurological manifestations
(grades I and II), as shown in Fig. 1. APMT lower than
6.5 mm and HGS lower than 20.5 kg were associated with
findings of HE grades I and II, as shown in Table 4.

Table2 Anthropometric

measures, handgrip Variable Values
strength and '
appendicular muscle AC (cm) 28.6 + 4.8
mass index from the dual AMMI (kg/m?) 7.61 (1.38)*
energy X-ray APMT (mm) 7.1 (5-8)°
absorptiometry exam ) )
BMI (kg/m?) 268 +4.7°
CAMA (cm?) 36.6 + 13.2%
HGS (kg) 203 (16-25.7)°
MAMC (cm) 235+37°
TSF (mm) 16.1 + 6.6

AC arm circumference, AMMI appendicular
muscle mass index, APMT adductor pollicis
muscle thickness, BMI body mass index,
CAMA corrected arm muscle area, HGS
handgrip strength, MAMC mid-arm muscle
circumference, TSF triceps skin fold, kg ki-
logram, kg/m’ kilograms per square meter,
cm centimeter, mm millimeter

? mean + standard deviation

® median (1st quartile — 3rd quartile)
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Table3  Multiple logistic regression model for hepatic encephalopathy
grade

Variable OR 95 % CI P
AMMI 1.000 1.00-1.00 0.1486
APMT 1.307 1.05-1.63 0.0177*
BMI 1.049 0.86-1.27 0.6301
HGS 1.122 1.02-1.25 0.0230*
MAMC 0.990 0.92-1.07 0.7857

AMMI appendicular muscle mass index, 4PMT adductor pollicis muscle
thickness, BMI body mass index, C/ Confidence Interval, HGS handgrip
strength, MAMC mid-arm muscle circumference, OR odds ratio. The
analysis was adjusted for age and MELD (model for end stage liver
disease). Arm circumference (AC), triceps skin fold (TSF) and corrected
arm muscle area (CAMA) could not fit in this model

*significant values

Discussion

The role of skeletal muscles and the central nervous system in
ammonia metabolism is strikingly increased in chronic liver
failure, making HE a special cirrhosis complication because it
requires muscle mass maintenance to avoid neurological dam-
age. However, cirrhosis is a catabolic disease that provokes
substantial changes in body composition, leading to progres-
sive muscle wasting. In this study, according to the multiple
logistic regression analysis, a 1 mm reduction in APMT was
associated with a 30 % risk of HE grade increasing, whereas a
1 kg loss in HGS would increase this risk by 12 %. These
results show that cirrhotic patients with HE can present muscle
depletion and impaired muscle strength, herein represented by
APMT and HGS, respectively.

APMT has a strong correlation with lean mass assessed by
DXA (Bielemann et al. 2015). It is little influenced by water
retention or fat mass, is easy to perform and does not require
too much patient collaboration or expensive equipment. This
measure has been applied in different groups of patients as a
predictor of a worse prognosis (de Oliveira et al. 2012;
Caporossi et al. 2012; Poziomyck et al. 2012). However, it
can vary according to body composition, gender or even the
manual tasks performed over time, so it does not seem to be a
suitable method for evaluating dissimilar patients. For in-
stance, APMT was not able to discriminate mortality or length
of stay in an intensive care unit (ICU), where the standard
deviation values were high and inaccuracy at predicting out-
comes was also observed when the authors analyzed MAMC
(Leong Shu-Fen et al. 2015). Of note, MAMC is a well-
known predictor of outcome in cirrhotic populations and of
HE occurrence (Merli et al. 2013). In contrast to this finding
in ICU patients, another study revealed that in chronic kidney
disease (CKD) patients, a specific population under risk of mal-
nutrition, APMT values < 10.6 mm were associated with a
hospitalization risk more than 3 times higher (de Oliveira et al.
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2012). Therefore, similar results could be expected in cirrhotic
patients, especially in those with HE, because they are often
stricken by nutritional problems such as muscle wasting,

Men and women are affected differentially not only by
liver cirrhosis but also by the pattern of muscle loss in different
muscles. In cirrhotic patients, MAMC values are more affect-
ed in men, whereas the fat loss indicated by TSF is more
significant in women (Carvalho and Parise 2006). DXA re-
sults confirmed that women present sharper diminution of fat
deposits but greater preservation of lean mass, whereas the
loss of lean mass is more evident in men (Riggio et al.
1997). In relation to muscle groups, a study using bioelectrical
impedance analysis suggested that cirrhosis affects primarily
the arms, because arm skeletal muscle mass index was more
depleted than leg and appendicular indexes and was also as-
sociated with high mortality (Iwasa et al. 2014). The conclu-
sions reported by these authors corroborate the current study,
which was focused on measures related to arm muscles and
had similar proportions of men and women, some of whom
presented with signs of muscle wasting according to the
AMMI values.

The findings observed herein point to a significant associ-
ation between muscle mass measures and HE manifestations.
APMT and HGS reductions were relevant despite the differ-
ences in body composition within the sample evaluated,

Table 4  Cutoff values for adductor pollicis muscle thickness and
handgrip strength as markers of HE Grades I and 11

Variable Cutoff value AUROC (CI 95 %) p
APMT (mm) 6.5 0.70 (0.55-0.85) 0.013*
HGS (kg) 20.5 0.66 (0.51-0.81) 0.044*

APMT adductor pollicis muscle thickness, AUROC area under the receiver
operating characteristic curve, HGS handgrip strength

*significant values

T oo T T )
08 10 00 02 04 05 08 10

1. specificity

which had subjects with advanced liver disease, different HE
grades and dissimilar patterns of muscle wasting. Despite the
link between skeletal muscle loss and neurological findings
found in this study, a cause effect relationship has still to be
proven by longitudinal studies.

Considering that both APMT and HGS are related to arm
muscles and are affected in cirrhotic patients, they could be
useful markers of mental impairment in this population. As
already stated, CKD patients with APMT values < 10.6 suf-
fered more hospitalizations, while all the subjects evaluated in
this study were outpatients and had APMT values varying
from 3 to 25 mm, of which those with the lower values had
a worse mental status. Unfortunately, we have not found an-
other study with APMT measures from cirrhotic patients that
would enable comparisons with the values observed.

HGS is a marker of muscle function widely used to identify
malnutrition; some studies have already indicated its relation-
ship with prognosis in cirrhosis (Figueiredo et al. 2000;
Alvares-da-Silva 2005; Peng et al. 2007; Huisman et al.
2011). A prior study revealed that cirrhotic patients with overt
HE had lower values of HGS and MAMC. The authors con-
cluded that patients had muscle depletion when MAMC
values were <5th percentile according to standard values for
the general population matched for age and sex. The same was
applied for the diagnosis of decreased muscle strength using
HGS values, showing that the prevalence of overt HE was
much higher in those with these two findings (Merli et al.
2013). In the present study, the AUROC curve analysis
showed that HGS values lower than 20.5 kg were associated
with the risk of increasing HE severity from subclinical to
grades I or II, which are clearly related to poor prognosis.

By combining the results obtained in this study with those
previously reported, it can be inferred that muscle mass and
strength have a big impact on cirrhotic patients. The further
steps are to discover how to preserve them in this population
and whether it would allow decreasing the progression of
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cirrhosis complications such as HE. Despite the lack of studies
on APMT in this population, APMT, HGS and MAMC have
been suggested as good measures to evaluate muscle mass in
cirrhotic patients with HE (Romeiro and Augusti 2015; Merli
et al. 2013). According to the findings obtained in this study,
the association of APMT and HGS with HE manifestations
favors the use of these measures for nutritional assessment of
cirrhotic patients.

In conclusion, the results found showed that APMT and
HGS are associated with HE neurological manifestations in
cirthotic outpatients stricken by different grades of HE. As
these bedside techniques are low-cost, easy-to-perform and
radiation-free methods, it is suggested that they should be
widely applied to these patients to show which of them must
be carefully evaluated to avoid skeletal muscle loss, which is a
marker of cirrhosis complications.
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