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Abstract
Sarcopenia is becoming a well-established player in evaluating patients with 
chronic liver disease. Data regarding its clinical significance and consequences in 
the course of liver disease have been growing; many of the data support the idea 
that it impacts decompensation event frequency, prolonged hospitalization, and 
mortality, as well as providing the possibility to better prioritize patients on lists 
awaiting liver transplantation. When assessing the whole clinical scope of the 
field, which includes malnutrition and frailty, as well as the complete spectrum of 
muscle mass, strength, and function, it becomes clear that a well-founded app-
roach in everyday clinical practice is essential. In this respect, this article attempts 
to unveil the most recently published data regarding possible methods and 
modalities that could be used to diagnose sarcopenia as early as possible, along 
with the required accuracy and reliability. From the most important field dis-
coveries to data that need further clarification, the merits and weaknesses of the 
very diverse existing evaluation methods are presented. Finally, a critical over-
view is given, in an attempt to discern study lines of importance from those that 
could pose further ambiguity for the theme. The author also poses relevant ques-
tions that remain unanswered but are of clinical importance in the field.
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Core Tip: Knowledge regarding the influence of sarcopenia in the course of chronic 
liver disease has greatly expanded in the past ten years, especially with respect to 
cirrhosis. Data show that it has a great influence on disease decompensation and patient 
mortality, providing clues for the development of newer evaluation modalities and 
sarcopenia indices. Nonetheless, data regarding the therapeutic consequences and 
interventions remain scarce. This article attempts to summarize the current state of 
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knowledge of this important clinical topic with a critical evaluation of some related 
groundbreaking studies.
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INTRODUCTION
Sarcopenia is an important part of the medical evaluation and treatment for chronic 
liver disease, especially in the advanced stage of the disease (i.e., cirrhosis), not only 
due to the very frequent coexistence of both medical entities but also because of its 
impact on the related clinical outcomes. This article focuses on the clinical aspects and 
consequences of sarcopenia in liver cirrhosis, common diagnostic procedures, and 
suggestions for clinical therapy. A review of the presented field in the scientific 
literature is provided, with the intentional omission of pathophysiology, for better 
transparency, clinical applicability, and an attempt to critically evaluate the most 
recent study findings.

To facilitate the understanding of common medical terms, a short paragraph 
summarizing their definitions is presented (see also Figure 1), followed by a brief 
description of the pathophysiological processes involved. For a more detailed review 
of the pathophysiology of sarcopenia in liver cirrhosis-especially regarding the po-
ssible influence of the gastrointestinal microbiota on the occurrence and course of 
muscle dysfunction-the author recommends some excellent reviews in this field[1-4].

DEFINITIONS
Malnutrition is defined as a measurable change in physical and mental functions 
secondary to altered body composition and cell mass, resulting in an impaired quality 
of life and poor clinical outcomes. It is the consequence of insufficient protein and 
energy supplies.

It is well admitted that malnutrition participates in the onset of sarcopenia but the 
link between these two nutritional concepts remains confusing[5].

Sarcopenia is defined as the loss of muscle mass, muscle strength, and reduced 
physical function.

Frailty is a condition of increased vulnerability to endogenous and/or exogenous 
stressors associated with physiological decline.

Myosteatosis is pathological fat accumulation in muscles.

PATHOPHYSIOLOGY
Sarcopenia is often equated as a state of advanced malnutrition. The condition is 
associated with complications such as poor mobility and quality of life and increased 
mortality. Muscle loss in sarcopenia is not solely at the expense of muscle atrophy, it 
also involves replacing muscle cells with fat and connective tissue. Protein supply in a 
sarcopenic patient is low due to chronic muscle degradation which is most clearly 
manifested during metabolic stress when muscle proteins should be mobilized very 
quickly to provide the body with amino acids for the liver, gut and immune system 
function. Sarcopenia in patients with liver cirrhosis is connected to age-related decline 
in muscle mass and to malnutrition. Studies show that malnutrition develops due to 
negative energy balance, loss of appetite, rapid satiety and poor food absorption. 
Concurrent illnesses or addictions (bacterial growth in the gut, pancreatic exocrine 
insufficiency, alcoholism) exacerbate the condition. Iatrogenic losses include ascites 
paracentesis and use of laxatives and diuretics. Frequent endoscopic imaging and 
laboratory examinations also affect diet and weight loss as well as sarcopenia. 
Therefore, liver cirrhosis is a state of accelerated starvation. In liver cirrhosis, cytokines 
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Figure 1 Main definitions of the presented topic.

that stimulate catabolic processes in the body are released. Due to the low glycogen 
stores, energy production is directed towards the breakdown of fatty acids. Gluconeo-
genesis is mainly pursued through amino acids breakdown, which worsens protein 
loss. Advancement of the state is also exacerbated by growth hormone and testoste-
rone deficiency, decreased physical activity, and more frequent occurrence of hepato-
cellular carcinoma (HCC). Patients with liver cirrhosis are prone to replacing muscle 
fibers with fat cells (myosteatosis), which may further accelerate loss of muscle 
function and decline in muscle strength. Connection between hepatic encephalopathy 
(HE) and sarcopenia is in a form of a vicious cycle where ammonia is likely to be 
directly responsible for mitochondrial oxidative damage and autophagy of skeletal 
muscle cells; it also inhibits protein synthesis in skeletal muscle through stimulation of 
myostatin[1-4].

CLINICAL SIGNIFICANCE AND CONSEQUENCES OF SARCOPENIA
To facilitate the clinical application and evaluation of sarcopenia tests, The European 
Working Group on Sarcopenia and Older People provided consensus criteria for the 
diagnosis of sarcopenia using muscle mass, muscle strength, and muscle function as a 
practical clinical definition. In 2019, a revised definition was published. Pre-sarcopenia 
is defined as the presence of low muscle strength without its impact on muscle 
mass/quality or muscle function. Sarcopenia is defined as a low muscle strength with 
additional low muscle mass or quality. For severe sarcopenia, muscle mass, muscle 
strength, and muscle function needed to be impaired. As can be seen from the 
definition, muscle mass does not condition muscle function or strength. The end result 
of the sarcopenia process is a decline in muscle functional abilities assessed by frailty
[6].

To assess frailty, the 5 Fried’s phenotypes of frailty as cited by Sinclair[7] are used. 
While patients with 3 or more phenotypes are defined as frail, patients with 1 or 2 
phenotypes are defined as prefrail, and those with no phenotype as robust[7]. The 
concomitant presence of sarcopenia and obesity is significantly associated with 
prefrailty and frailty, especially in women with cirrhosis[8]. According to a well-
defined description by Buchard et al[5], “sarcopenia [is] not identical to frailty but 
there is a major overlap between definitions and diagnosis criteria of the two pheno-
types. Frailty is a more multidimensional concept encompassing not only muscle 
conditions but also exhaustion, well-being, disability, dependency, and cognitive state. 
Loss of skeletal muscle mass and function remains a strong substratum of frailty, as in 
malnutrition. The absence of sarcopenia certainly does not rule out frailty but clues of 
frailty must lead to a complete body composition evaluation”.

In a well-designed study, a group of authors led by Traub et al[8] evaluated the 
applicability of the latest definition of sarcopenia in patients with cirrhosis. Computed 
tomography (CT) examination was used to assess muscle mass, hand grip test to assess 
muscle strength, and 4 m gait speed test to assess muscle function. Compared to the 
2019 definition, they observed that the 2010 definition identified more sarcopenia cases 
in male patients. In patients with cirrhosis, muscle strength seems to be preserved 
longer, while muscle mass is already reduced, leading to a significant difference in 
sarcopenia diagnosis rates when using the 2019 definition. However, the gender 
imbalance seen in the 2010 definition seemed to be less pronounced with the 2019 
definition. They objected to the lack of data whether the 2010 or 2019 criteria is better 
to predict clinical complications, poorer prognoses, and the effect of specific inter-
ventions[8].

Sarcopenia is present in 30% to 70% of patients with cirrhosis, probably less 
frequently in the population of patients with metabolic liver disease. The prevalence 
increases with the disease stage and increases sharply before liver transplantation[7,
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9]. Based on the Child–Pugh score, the annual rate of decrease in skeletal muscle mass 
is 1.3% in Child–Pugh A patients, 3.5% in Child–Pugh B patients, and 6.1% in 
Child–Pugh C patients[10]. The risk of developing sarcopenia is associated with male 
gender, ascites, and the degree of renal and hepatic dysfunction[9]. Overweight and 
obesity are as frequent as in general population, ranging from 20% to 40% and 
aggravating prognosis both in compensated and in decompensated cirrhosis[11]. 
Sarcopenic obesity (coexistence of sarcopenia and obesity) is present in one-fifth to 
one-third of patients with cirrhosis. It is determined by using an assessment of 
sarcopenia to which an assessment of obesity using a body mass index (BMI ≥ 25 or 
≥30 kg/m2) is added. BMI corrected for ascites is probably the most practical to use 
(see below under the Anthropometry section), although it may shift patients to a lower 
BMI grade[12]. Myosteatosis occurs in up to 50% of patients with cirrhosis and can be 
identified in both sarcopenic and non-sarcopenic patients with or without obesity. It 
meditates inflammatory responses and has been associated with lower muscle fun-
ction and strength, muscle atrophy, and physical disabilities[12]. It affects mortality, 
more through loss of muscle function than through liver cirrhosis determinants. It 
probably plays an important role in the occurrence of HE[13]. Microscopic analysis of 
skeletal muscle fibers references special attention to atrophy of fast-twitch fibers and 
reduction in muscle fiber size. Reduced skeletal muscle fiber size and shift toward 
wider fast-twitch fibers (increased proportion of type IIA/IIX fibers concurrent with 
lower proportions of type IIA fibers) were visible in the muscle of a sarcopenic patient
[3].

The main clinical consequences of sarcopenia are increased mortality per se, 
increased mortality from systemic bacterial infection, the occurrence of HE after 
transjugular intrahepatic portosystemic shunt (TIPSS) insertion, and the more frequent 
occurrence of acute on chronic liver failure. Regardless of the underlying disease, it 
has a significant effect on mortality in patients with HCC[9]. Ebadi et al[3] point out 
that it would be important to define strategies maintaining muscle mass in candidates 
prior to the TIPSS insertion. A study by Al-Azzawi et al[14] confirmed that the exis-
tence of sarcopenia in alcoholic hepatitis prolongs hospital treatment. In the case of 
sarcopenia, patients had a more severe course of the disease. To date, there is no solid 
evidence linking portal hypertension to known sarcopenia indices. In a well-defined 
study, hepatic venous pressure gradient (HVPG) was shown to inversely correlate 
with adipose tissue indices, while CT sarcopenia markers were unrelated to the degree 
of portal hypertension[15]. On the other hand, the Austrian study group demonstrated 
poorer survival and an increased risk of further cirrhosis decompensation in the group 
of patients with HVPG > 20 mmHg by comparing CT sarcopenia indices and inva-
sively assessed clinically significant portal hypertension (CSPH)[16].

In the group of patients awaiting liver transplantation, sarcopenia can affect re-
legation from the waiting list due to excessive perioperative risk, increased need for 
hospitalization, and prolonged hospitalization with multiple complications after organ 
transplantation[9]. Decline of muscle function has a significant impact on mortality 
and the occurrence of complications requiring hospital treatment[17]. The presence of 
sarcopenic obesity in this group of patients is relatively common and is associated 
with higher mortality than if the entities were present separately[11]. After organ 
transplantation, there is a lack of clinical data regarding the impact of sarcopenia on 
long-term clinical outcomes[13].

Given the above-mentioned situation, it is not surprising that there are calls for the 
inclusion of sarcopenia among the factors of transplantation priority [Model for End-
Stage Liver Disease (MELD) – score vs sarcopenia-MELD score]. A thorough study in 
this area evaluated patients on a transplant waiting list. To define sarcopenia, CT 
measurements with proposed cut-off values were used (see below). In this cohort of 
European patients, they demonstrated the sarcopenia impact on the increased morta-
lity. When comparing MELD to sarcopenia-MELD score, the authors also confirmed a 
much lower priority of patients with MELD < 15. It has been observed that a better 
scoring option would include one encompassing the patient’s age and previous 
occurrence of HE[18]. In the literature, other authors support the idea for better 
transplant priority of patients with sarcopenia and low MELD score to reduce the risk 
of waiting list mortality and to improve the overall outcome[19]. They also point to the 
strong impact of sarcopenia reflected in the mere fact that it is equivalent to adding 10 
points to the MELD score if presented[20].

From a clinical point of view, it is important whether sarcopenia is worth assessing 
in the group of patients with cirrhosis and HCC. Sarcopenia probably affects the 
recurrence or progression of HCC in patients who are candidates for liver transplan-
tation. Presumably, sarcopenia in this group of patients affects long-term mortality 
after surgical treatment of a single lesion with partial hepatectomy. While sarcopenic 
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patients have a smaller volume of preserved liver tissue, there is no data connecting 
sarcopenia and postoperative decompensation in this group. There is also almost no 
data relating the effect of sarcopenia in HCC treatment with radiofrequency ablation. 
In the group of patients receiving transarterial chemoembolization, sarcopenia affected 
survival and response to treatment. In the group of patients receiving chemotherapy 
with sorafenib, sarcopenia affected disease progression. Numerous data suggest that 
sorafenib itself has a significant effect on reducing muscle mass. The condition is 
codependent in both directions as sarcopenia has an impact on the systemic treatment 
side effects severity (e.g., enteritis), and thus on the sorafenib dosage reduction[21].

In recent years, it has been pointed out that sarcopenia is a systemic disease. Cardiac 
sarcopenia likely manifests as a heart failure with preserved ejection fraction[1]. 
Relationships between heart failure and depleted lean muscle mass are indisputable 
and go both ways. Increased mortality in sarcopenic patients could be partly explained 
by this bilateral effect, especially in the posttransplant period. Cardiac ultrasound (US) 
is suggested to assess cardiac function in a sarcopenic patient with cirrhosis[22]. 
Involvement of the diaphragm leads to reduced peak cough flow in the elderly, 
increased rate of respiratory infections through impaired airway clearance and diffi-
culties when weaning sarcopenic patients with cirrhosis from mechanical ventilation
[5]. Impaired function of the cardiac and respiratory muscles likely contributes to 
clinical manifestations of dyspnea, weakness, fatigue, reduced exercise tolerance, and 
loss of appetite, all of which can further contribute to the propagation of sarcopenia 
and frailty[1].

DIAGNOSTIC METHODS IN THE FIELD OF SARCOPENIA
Questionnaires
Questionnaires take precedence over other tests because of their relatively short 
evaluation time and their possibility to monitor the condition in a dynamic timely 
manner[7]. Across the investigative options to assess malnutrition, Subjective Global 
Assessment (SGA) is the most frequently mentioned. Features of the SGA include a 
physical exam component that evaluates the loss of subcutaneous fat, peripheral or 
sacral edema, and muscle wasting. The quantity of muscle and subcutaneous tissue is 
graded subjectively by the examiner who then categorizes it as normal, mildly, 
moderately, or severely decreased. Multiple components on patient history are also 
evaluated. The first component is the amount of weight loss in the previous 6 mo. 
Supplementary historical features of the SGA include patient’s dietary intake and the 
presence of gastrointestinal symptoms experienced daily for at least 2 wk. Once the 
history and physical examination sections are completed, patients are classified as well 
nourished (SGA grade A), moderately malnourished or suspected of being malnou-
rished (SGA grade B), or severely malnourished (SGA grade C). SGA is a partially 
subjective method constituted by quantitative and qualitative variables, subject to 
varied interpretations, and reported as having low sensitivity in cirrhotic patients, as it 
can underestimate the nutritional state in their population[22].

Nutritional Risk Screening 2002 (NRS-2002), Liver Disease Undernutrition Scree-
ning Tool (LDUST), Royal Free Hospital-Nutritional Prioritizing Tool (RFH-NPT), and 
Malnutrition Universal Screening Tool (MUST) can be also used to assess malnutrition 
in hospitalized patients.

The NRS-2002 is a nutrition screening tool recommended by the ESPEN guidelines
[17]. It includes three components―the nutritional score (BMI, weight loss, and dietary 
intake included), the disease severity score, and the age score (age > 70 years)[17,23]. 
Patients are classified as having no or low risk.

The LDUST assesses 6 factors that were identified as having the strongest associ-
ations with malnutrition in patients with chronic liver disease (nutrient intake, weight 
loss, loss of subcutaneous fat, loss of muscle mass, fluid accumulation, and a decline in 
functional status). The three potential patient responses are labeled and indicated as 
no signs of malnutrition, “mild to moderate” malnutrition, and “moderate to severe” 
malnutrition[24].

The RFH-NPT is a nutrition screening tool developed in the United Kingdom. It 
includes three major steps: (1) Patients who have alcoholic hepatitis or are undergoing 
tube feeding are immediately evaluated as high risk without proceeding to the next 
step; (2) Patients who do not have alcoholic hepatitis and are not undergoing tube 
feeding are assessed for fluid overload and its impact on food intake and weight loss; 
and (3) Patients who do not have fluid overload are assessed for nutritional status 
(BMI, unplanned weight loss, and daily dietary intake). Patients are stratified as being 
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at low, moderate, or high risk[2,25].
The MUST includes three categories: Current BMI, unintentional weight loss, and 

the presence of any acute disease that could compromise nutritional intake for more 
than 5 d[25].

A large study assessed the importance of RFH-NPT in the Asian population with 
predominantly viral liver cirrhosis. The questionnaire proved to be useful in the group 
of patients with a low MELD score and for assessing the prognosis of the disease. The 
disadvantage of the study is that different questionnaires are only compared with each 
other, and with only basic laboratory and anthropometric parameters[25]. In a recent 
publication, Buchard et al[5] noted that RFH-NPT and LDUST, despite recommend-
ations for their use in patients with liver cirrhosis, have not yet been associated with 
clinical issues such as survival and complications appearance. Moreover, LDUST is 
based on the patient’s statement and lacks objective data.

Laboratory tests
Myostatin is a natural muscle growth inhibitor. As a marker, it depends on gender and 
inflammatory processes in the body. In men with liver cirrhosis, it can be used to 
assess muscle mass, prognosis of decompensation events, and fit for surgery status. In 
contrast to Oshida et al[27] who came to different conclusions in the group of patients 
with compensated disease, the cited study used CT sarcopenia indices in a large group 
of patients with decompensated advanced chronic liver disease (dACLD). The 
limitation of the test is the decrease in the level of serum myostatin at a very low 
muscle mass stage which presents a major problem when defining possible cut-off 
values[26].

Another potential biomarker is irisin, a myokine, mainly expressed and secreted by 
skeletal muscles as well as functioning as an adipokine. A significant lower irisin level 
is proved to be a marker for muscle weakness and atrophy. In the group of patients 
with dACLD, the cited study demonstrated higher irisin levels in women without 
evidence of an association with irisin levels and the degree of hepatic impairment 
according to CHILD/MELD score, or the presence of ascites. Sarcopenia was assessed 
using a hand grip test and CT assessment of muscle mass[2]. In a related publication, a 
group led by Zhao et al[10] studied irisin levels in a group of patients with liver 
cirrhosis where a hand grip test and CT-assessed muscle mass were also used for the 
evaluation of sarcopenia. The difference between the studies was in the CT index used, 
as the latter used the proposed gold standard (see below). Lower irisin levels were 
demonstrated in the group of patients with a higher CHILD score. They also defined 
that it is not entirely clear whether this is the cause or the consequence of sarcopenia. 
Deficiency of the article are poorly defined criteria for the diagnosis of liver cirrhosis
[10].

If muscles are damaged by diseases or vigorous exercise, titin is decomposed by 
proteolytic enzymes, and various titin fragments are detected in serum and urine. One 
of the isolated fragments is titin-N. The cited study defined its urinary excretion in a 
group of patients with metabolic-induced fatty liver disease. The study had a well-
defined control group, but poorly defined comparative indices (CT indices? muscle 
and liver elastography? US parameters of skeletal muscle assessment?) in the article 
itself. According to their observations, titin-N was negatively associated with the 
amount of muscle mass (higher level in urine correlated with lower skeletal muscle 
mass) and positively associated with the occurrence of muscle myosteatosis (higher 
level in urine correlated with higher levels of US-assessed skeletal muscle fat). They 
also identified an association of the biomarker with the degree of muscle fibrosis 
progression which may be associated with functional muscle decline. For the latter, a 
knee extension test and a hand grip test were used as a comparative test[27].

Anthropometry
According to EASL guidelines, two simple criteria can be used in everyday clinical 
practice to stratify patients at high risk of malnutrition: being underweight (BMI < 18.5 
kg/m2) and having advanced decompensated cirrhosis (Child C patients)[28]. In pa-
tients with ascites and peripheral edema, dry weight assessment is proposed, either 
estimated by the post paracentesis body weight, the weight recorded before fluid 
retention if available, or by subtracting a percentage of weight based upon the severity 
of ascites (mild 5%; moderate 10%; severe 15%), with an additional 5% subtracted if 
bilateral peripheral edema is present[25,28].

Of the measurements that can be performed with an ordinary tape measure, the 
most common are mid-arm muscle circumference (MAMC), mid-arm muscle area, and 
triceps skinfold (TSF), all of which are simple and rapid to perform low-cost tests that 
are not affected by the presence of fluid retention[7,28]. Some Asian studies mention 



Hari A. Sarcopenia in liver cirrhosis

WJG https://www.wjgnet.com 4868 August 7, 2021 Volume 27 Issue 29

calf circumference which showed a good association to the frailty[29] in their study 
population and for the assessment of sarcopenia in the group of patients with 
compensated ACLD (cACLD), or in patients without ascites[30]. The disadvantage of 
both studies is the assessment of muscle mass with tests that are less useful in the 
overweight or hypervolemic patients’ population.

Simple tests of muscle function
This group of tests can be performed at the bedside or during outpatient consultations.

The Short Physical Performance Battery consisting of three methods - balance test, 
gait speed test, and five chair stand test - can be used to assess the patient’s functional 
ability[2,7].

Handgrip strength test (HS) is the most commonly studied test in this group using a 
calibrated dynamometer. The test depends on the patient’s age and BMI. An 
interesting study has shown that HS in combination with the MELD score in men 
awaiting liver transplantation can be superior to CT modality if mortality was 
observed as a clinical outcome. Study results could be explained due to the early 
decline in muscle function even before the decline in muscle composition and mass 
occurs[31].

To assess muscle function, a test cited by Buchard et al[5] is commonly mentioned - 
the Liver Frailty Index (LFI). Its role is to evaluate frailty by combining HS, chair 
stands, and balance tests. Using a provided cut-off, LFI was associated with mortality 
independently of the presence of HE and ascites[5,7].

The next frequently used test is a six-minute walk test which has a sensitivity of 90% 
for identifying patients with increased risk for pre-LT mortality when performed at 
less than 250 m[1,7].

A walking speed/gait test is offered as a third option[2,32]. In a study by Nishikawa 
et al[32], a 6 m walking test was performed to measure muscle function in a group of 
patients with liver cirrhosis, with walking speed (WS) and gait speed (GS) defined, 
respectively. As a reference to define sarcopenia, bioelectrical impedance analysis 
(BIA) was used and therefore only patients without ascites were included. They 
observed that improvement in WS requires quick movement, whereas the impro-
vement in the GS does not. WS requires maintained cognitive function, and muscle 
strength may be necessary for its improvement, while the GS value will not decrease 
as long as muscle strength is maintained even if cognitive function is reduced. They 
confirmed that hypervolemia or tissue edema and the presence of various orthopedic 
diseases have a significant effect on both tests. It is likely that WS could have a greater 
impact on the assessment of frailty than on the assessment of sarcopenia[32].

Body composition measurements
These diagnostic methods represent the foundation of modern clinical body compo-
sition analysis but with several important limitations when evaluating patients with 
liver cirrhosis.

BIA: A fixed, low-voltage, high-frequency alternating current is introduced into the 
human body to assess body electrical conductivity together with resistance (impe-
dance). Subsequently, capacitance is the parameter that makes the current lag behind 
the voltage, which results in a phase shift. This shift is measured geometrically as the 
angular transformation of the capacitance to resistance ratio, or the phase angle (PA). 
BIA measures belong to safe, rapid, easy-to-perform, and quite accurate methods of 
estimating fat mass and fat-free mass. The main limitation of its use in the group of 
patients with liver cirrhosis is the influence of hypervolemia, physical activity, use of 
diuretic therapy, BMI, and liquid or food intake before the test[13,24,33].

There are several parameters that can be measured by means of BIA: Body cell mass, 
total body water, extracellular water, extracellular mass, and body fat. Multifrequency 
BIA analysis has been proposed lately because it is less influenced by overhydration. It 
measures the above-mentioned parameters by passing a series of different electrical 
currents and electrical frequencies through the body. Segmental BIA can also be used 
to overcome the fluid retention bias[33].

PA was observed to be less affected by overhydration while being a reliable in-
dicator of clinical outcome. As such, a PA result less or equal to 5.4 degrees was a 
predictor of reduced survival in one of the conducted surveys. The data obtained from 
another investigation indicated PA cut-off less than or equal to 4.9 as a predictor of 
disease progression and mortality in cirrhotic patients[17,33]. A Japanese study 
comparing the applicability of BIA to equivalent anthropometries (MAMC, TSF) found 
that BIA measures comparably 6%-16% higher values of muscle mass estimates. 
Nevertheless, the results coincided with the prognosis of mortality in the cohort where 
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cirrhosis was proven histologically in all patients. The disadvantage of the study is the 
inclusion of mostly compensated patients, and that no comparison with other tests 
was performed[18].

Dual energy x-ray absorptiometry: Dual energy x-ray absorptiometry (DEXA) uses 
low-dose x-rays to provide a comprehensive 3-dimensional analysis of the entire body, 
thus automatically breaking down each body compartment into bone mass, fat mass, 
and fat-free (or lean) mass. It is safe, inexpensive, readily available, and reproducible. 
In comparison to the CT scan, it uses less radiation. As with BIA, the problem of 
analysis may be water accumulation in muscle and fibrous tissue, especially in the 
elderly. Also, it is difficult to access in some medical centers[13,31,33].

In the group of patients with liver cirrhosis, it shows an association between muscle 
mass assessment and mortality[35]. Appendicular lean mass (APLM) has been pro-
posed as the most appropriate method in cirrhosis to minimize confounding by ascites
[31]. A well-designed Greek study that excluded the population of patients with active 
alcohol consumption compared the proposed APLM index (ALMI - APMI balanced to 
the patient’s height; unit kg/m2) to CT indices of muscle mass, together with 
multivariate analyses of patient’s age and gender. They compared the success of 
detecting sarcopenia by DEXA and by the CT cut-off values proposed by several study 
groups (Carey, Montano-Loza, Mourtzakis, ESPEN, and indices proposed from 
oncological populations - Martin, Prado). They found that the proposed cut-off values 
in the DEXA-assisted analysis matched the detection of sarcopenia very well when 
comparing the CT cut-off values proposed by the various research groups[36]. An 
important finding of the study was also that the prevalence of low muscle mass did 
not reveal any statistically significant difference in relation to disease etiology in 
general. However, it should be noted that a significantly higher percentage of patients 
with an alcoholic etiology was found in the low muscle mass subgroup compared to 
the normal muscle mass group. As a weak point of the DEXA analysis, they mention 
the accessibility of the investigation in smaller hospital centers[36].

On the other hand, some studies report only a weak concordance between DEXA 
and CT when identifying sarcopenia in cirrhosis[24]. The rest state that DEXA indices 
show a sex-related distribution of body compartments. In cirrhotic women, more 
reduction in fat stores is observed with the maintenance of lean tissue. In men, the loss 
of lean tissue is the most featured early phenomenon. A described pattern is reflected 
by a weak association between muscle strength and muscle mass in cirrhotic women
[33].

The following study in this area states the possibility of using proposed DEXA limb 
muscle mass indices which showed a good correlation compared to CT indices. The 
study was conducted in a small cohort of patients awaiting liver transplantation. They 
observed that fewer women were identified sarcopenic with DEXA than expected. 
They also cite the well-known DEXA deficiency as not being able to offer muscle 
structure quality determination compared to the CT examination[37].

US: US can be used to evaluate echogenicity, diameter, cross-sectional area, and 
muscle volume. Performing three consecutive measurements and using their mean 
value as a final result is proposed. The patient should rest for at least 5 min before the 
measurement and not exercise less than 30 min before the examination. To assess the 
muscle contraction potential, muscle thickness can be measured before and after the 
movement, especially in muscles that have a significant change in diameter during 
contraction. The possibility of assessing microvascularization with contrast enhanced 
US and the assessment of pennation angle are mentioned. A special expert group for 
this field lists 39 muscle groups that can be evaluated using US examination. They 
propose standardizations of the measurement site and explore main problems of the 
investigative methodology that should be solved. The inability of assessing some 
muscle components with US is the most common problem. Other problems mentioned 
are visibility, dependency of the operator’s experience as well as the patient’s general 
condition impact on the measurement value, and its dependency on the equipment 
quality[38].

In this area, the quadriceps muscle evaluation, especially its thickness and quality, is 
most often cited in the literature. Pita et al[39] estimated a daily decline in muscle mass 
in patients with cirrhosis who were waiting for a liver transplant in the intensive care 
unit. In a relatively small cohort, CT-estimated muscle mass was used for comparison 
demonstrating the ability of the US to monitor muscle mass decline with daily 
measurements of rectus femoris muscle diameter, as well as the association between 
this result and mortality in the studied patients. Another frequently cited study from 
this area performed quadriceps diameter measurement and proposed a model that 
included BMI. It states that the US of quadriceps muscle is a low-cost, reliable, 
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reproducible, and accurate estimate of muscle mass that can be completed at the 
bedside or in an outpatient clinical setting as well as repeated without concern of 
radiation exposure. Gender-specific nomograms that correlated well with CT control 
were suggested. The cohort of patients was small, but the comparability between the 
two operators was good[40].

Measurements of the tongue muscle thickness in the group of patients with liver 
cirrhosis showed an association with the CHILD and MELD score, and a distinctive 
difference between the group of healthy control group, but with no proven CT control 
correlation. The definition of liver cirrhosis in the article was relatively loose[41].

In a population of Japanese cirrhosis patients, Kobayashi et al[42] measured the area 
of the psoas muscle in the right groin area and balanced it by the square of body 
height. The examination was quick and performed at bedside in a large cohort of 
patients. The study showed a significant correlation between US and CT measure-
ments, suggesting the reliability of the US measurement. In addition, the proposed US 
index was significantly associated with CT obtained measurements. There was also a 
good comparison between the two investigators and 100% applicability of the method 
in the investigated cohort. A small number of patients with dACLD, especially 
patients with ascites, can be mentioned as a study deficit[42]. Our group also used the 
psoas muscle measurement in a small group of patients with dACLD. The infero-
lateral area in respect to the right kidney was used as the measurement site and the 
estimated psoas muscle diameter was balanced to the patient’s height. The proposed 
index showed clinical significance when predicting any subsequent decompensation 
and patient mortality. The measurement showed an important limitation in terms of 
practical use, as it was not feasible in about a quarter of patients due to technical 
limitations (ascites, obesity, visibility). Also, no comparison with any of the standard 
investigatory methods was made[43].

In recent years, the use of elastography has been suggested to assess muscle stiffness 
which could indirectly point to the loss of muscle function. A well-structured study in 
a small cohort of patients showed an association between femoral muscle elastography 
results and frailty[44].

The US imaging of some of the above mentioned methods is showed in Figure 2.

Cross-sectional imaging: CT: CT allows an accurate cross section assessment of 
muscle mass area and an estimate of tissue density using Hounsfield units (HU)[13]. It 
is recommended to use tissue that shows HU estimated density from -29 to +150 on 
two consecutive CT slices at L3 level. To make it more clinically applicable, it is 
suggested to use various computer programs which automatically and very reliably 
evaluate the muscle area (e.g., SliceOmatic, ImageJ, FatSeg, OsiriX)[7]. All these 
programs require manual image analysis by a radiologist. In this regard, some studies 
have tested the concept of a methodology to measure psoas muscle features on 
incidental CT scans using an automated, deep convolutional neural network model, a 
technology routinely used for facial recognition software. Automated measurement in 
the cirrhosis patient population proved to be comparable to that where the measu-
rement was performed with standardized programs. It was significantly faster and 
independent of human error[45]. An alternative option is open-source software for 
image processing which requires manual tracing of various abdominal regions to 
obtain body composition information. Using these results and a preprogrammed 
template, the operator can easily generate various muscle indices. Alternatively, the 
use of the method first published by Durand et al[35] (see below) is suggested[45].

The most common shortcomings of CT sarcopenia analysis are unclear possibility of 
recurrent/dynamic evaluation due to radiation exposure and the impact of the result 
on clinical decisions; unclear protocol of the examination method; radiation impact; 
examination costs; and the need for additional software to analyze images. In addition 
to the ability to differentiate three main body compartments, i.e., muscle, visceral, and 
subcutaneous adipose tissue, the ability to identify muscle radiodensity to determine 
ectopic fat accumulation in muscles, and the fact that it is probably not affected by the 
presence of ascites or edema, the pros are the relative ease, speed, accuracy, and 
accessibility of the examination in a hospital setting. There is a strong possibility of 
price and radiation exposure reduction to only 2.6 mSv by a single slice CT, and CT 
shows a very good reproducibility between different performers[7,19,31].

The test of choice is the L3 skeletal muscle index (SMI), a muscle area on a CT scan 
at the level of the L3 vertebrae corrected for height (Figure 3)[7]. Carey et al[24] 
recently defined sarcopenia as SMI < 50 cm2/m2 in males and 39 cm2/m2 in females in 
a cohort of cirrhotic patients in the North American region awaiting liver transplan-
tation[1,13,24]. In this cohort, a CT measured SMI was a strong surrogate of whole-
body muscle mass and can be applied as a reliable marker of the whole-body mus-
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Figure 2 Reported options for ultrasound muscle mass assessment in cirrhosis. A: Psoas muscle evaluation as proposed by Hari et al[43]; B: Psoas 
muscle evaluation as proposed by Kobayashi et al[42]; C: Femoral muscle evaluation as proposed by Tandon et al[40]; D: 2D-shearwave elastography of the femoral 
muscle.

cularity. Defined in this way, sarcopenia was mainly delineated as sex-specific SMI 
values associated with mortality that were independent of age and MELD score[13,
24]. When assessing sarcopenia by SMI on an abdominal CT scan, there does not 
appear to be a large difference between measurements at L3 vs L4 vertebrae[10]. There 
is also an excellent agreement between various software programs with respect to 
measurements of abdominal skeletal muscle area[46].

SMI seems to be a more complete and robust measurement than individual mea-
surement of the psoas muscle or the psoas muscle index (PMI), especially in men with 
cirrhosis. In addition, low PMI identifies an incomplete subset of patients at increased 
risk of mortality indicated by low SMI[13,47,48]. The degree of sarcopenia can also be 
defined by SMI as severe sarcopenia [SMI two SD below the sex-specific mean value of 
a young donor (18-40 years old), sarcopenia (SMI between -1 and -2 SD of sex-specific 
young) donor mean values] and as a non-sarcopenic group (SMI higher than one SD 
below the sex-specific mean for young donors)[49]. SMI study validations include 
numerous publications. Important study of this area published by Ebadi et al[49] 
defined cut-off values compared to healthy controls. In their cohort, cut-off values for 
SMI were < 42 cm2/m2 in men and < 30 cm2/m2 in women (for severe sarcopenia) and 
< 50 cm2/m2 and < 37 cm2/m2 for sarcopenia. Mortality was considered as a clinical 
outcome. The cohort showed the presence of severe sarcopenia in 8% of patients, the 
majority of which had alcohol-related cirrhosis[49].

The second common cited choice is the index first proposed by Durand et al[35].
They demonstrated that the ratio between the transverse diameter of the psoas muscle 
measured at the L3 level (umbilicus is suggested as a reference point) and balanced for 
the patient’s height [psoas to height ratio (PTHR); unit mm/m] is an objective 
indicator of muscle loss and a predictor of mortality in patients with cirrhosis, 
independent of MELD or Na-MELD score. In their retrospective study, they also 
demonstrated the effect of the PTHR on mortality in patients with refractory ascites
[35]. A study by Paternostro et al[47] tested the value of a similar index. They demon-
strated the clinical applicability and calculative ease of PTHR to define sarcopenia with 
similar cut-off values as proposed by Durand et al[35]. A weak point of this metho-
dology is a variable landmark (the umbilicus) to measure muscle thickness; thus, CT-
derived index from single muscle measurement can still not be recommended[46].
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Figure 3 Computed tomography modality and skeletal muscle index. A and C: Analysing computed tomography slices obtained at the third lumbar 
vertebra level; B: Patient with normal skeletal muscle index (SMI) values; D: Patient with reduced SMI values. After using medical imaging software and analysing 
areas of predefined Hounsfield units, SMI values are calculated.

To determine myosteatosis, CT should be performed without the use of a contrast 
agent. Muscle density is assessed by HU values[13]. To dene myosteatosis, the 
proposed cut-off values are > 41 HU in patients with BMI < 24.9, and > 33 HU in those 
with a BMI > 25. In a group of patients with liver cirrhosis, Bhanji et al[50] demon-
strated the effect of CT-assessed myosteatosis on the occurrence of HE within one year 
of the measurement. It is probably a risk independent of sarcopenia.

An interesting option offered by CT is the already mentioned possibility to assess 
the concomitant presence of sarcopenia and myosteatosis. In a small cohort of patients 
with cirrhosis, Nardelli et al[51] assessed the presence of sarcopenia and myosteatosis 
with suggested CT SMI and HU values. Minimal HE defined by psychomotor tests 
was more common in the group of patients with both factors, as was elevated blood 
ammonia.

Magnetic resonance imaging: Magnetic resonance imaging (MRI) is considered as 
an appealing test for the diagnosis of muscle wasting due to the lack of radiation 
exposure and high-quality images, including information on muscle quality as evident 
by fat infiltration[7]. When comparing results from CT and MRI images in Traub et al
[8] study cohort, there was no difference in the detection rate of reduced muscle mass. 
However, the study did not compare CT and MRI images in the same patients since 
they used only imaging studies that were routinely performed. The study by Beer et al
[52] included patients with cirrhosis who had clinical or imaging cirrhosis parameters. 
Additionally, the FIB-4 score was used to assess the degree of liver fibrosis. Portal 
hypertension was defined invasively, or its signs were evaluated by gastroscopy. MRI-
assessed sarcopenia using PTHR index demonstrated an association between sarco-
penia rates and mortality in patients with cACLD and the influence of sarcopenia on 
infection or mortality due to infections. Mortality was particularly high in the PTHR < 
8 mm/m (female) and < 12 mm/m (male) group. They also pointed out the advantage 
of the MRI for its possibility to provide sarcopenia data without the use of a contrast 
agent and without radiation exposure and reported good comparability with CT-
PTHR measurements as well as good agreement between the two readers[52].

MRI offers another imaging technique, namely diffusion weighted imaging (DWI). 
DWI offers additional information regarding the composition and architecture of 
investigated tissue. DWI quantified by apparent diffusion coefficient (ADC) can reflect 
different pathological changes, such as cell density, extracellular matrix, nucleic areas, 
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and membrane permeability, and may have a role in the diagnosis of different muscle 
disorders. In the cited study, ADC maps were thus created by the implemented 
software and manually drawn regions of interest on the ADC maps along the contours 
of the iliopsoas and paravertebral muscles to avoid fat areas and vessels. They 
confirmed that ADC can reflect pathological muscle changes since myositis and 
myopathy had statistically significantly higher ADC values in comparison to unaffec-
ted muscles. The study does not offer a direct proposal for the clinical use of the 
proposed indices in the assessment of sarcopenia.  In the multivariate analysis, the 
authors also used only the MELD score[53].

CLINICAL TREATMENT OPTIONS
The treatment of sarcopenia is focused on drug treatment possibilities, exercise and 
dietary measures, and the treatment of decompensated liver cirrhosis. There are 
currently no studies that prove the benefit of one or the other in terms of reducing 
mortality. There is a general benefit of the interventions in terms of reducing the 
feeling of fatigue; increasing vital capacity; improving muscle mass and ability to 
exercise; and last but not least, improving quality of life[7].

The general objectives of drug treatment are to focus on lowering blood ammonia 
and improving the action of growth hormone and testosterone in certain parts of the 
population with liver cirrhosis. Special emphasis should be placed on the elimination 
of poor appetite and complete absence of physical activity[1,2,7]. Studies suggest a 
possible beneficial effect of testosterone on improving muscle mass and function 
without significant side effects of treatment, but the evidence is yet not enough to 
recommend replacement therapy[2,7]. Extensive study data on the use of growth 
hormone in this area are not available. The importance of regulating thyroid hormone 
and blood sugar levels is also mentioned[24].

General nutrition advice concerns sufficient energy and adequate protein intake 
while avoiding prolonged fasting periods (> 6 h). The patient should eat three to five 
meals a day while the target caloric intake varies according to the patient’s BMI. As 
per EASL guidelines, at least 35 kcal/kg of actual body weight per day is recom-
mended in non-obese individuals (BMI < 30). Second, all patients should be provided 
with a target protein intake - guidelines have been consistent in the recommendation 
of 1.2 g/kg to 1.5 g/kg per day. This can be achieved by using multiple sources 
including meat, dairy, and vegetable proteins, with some support from the literature 
stating that the latter two sources may have additional benefits against HE. In obese 
patients with cirrhosis, a moderate decrease in caloric intake (500 kcal to 800 kcal daily 
and not less than 70% of previous caloric intake) with a tailored, individualized 
dietary plan is recommended. Best results on liver histology and on the HVPG were 
observed in patients achieving a weight loss of 10%, and this should probably be 
considered the target of lifestyle interventions. A late evening snack before night sleep 
with 50 g of complex carbohydrates and approximately 15 g of protein content is 
acceptable and signicantly increases muscle mass and may also have beneficial effects 
on HE reccurence. Patients should be counseled on the need to eat breakfast[11,13]. 
Evidence is mounting regarding the benet of Mediterranean diet -rich in vegetables, 
fruit, and olive oil - in the cirrhotic population. In this fashion, patients are advised to 
avoid processed foods and use fresh ingredients[11,17]. Among the dietary supple-
ments, the daily use of branched chain amino acids and aromatic amino acids which 
are probably associated with event-free life and a quality of life is much mentioned. 
Special attention is also paid to the effect of L-carnitine, vitamin D, omega-3 fatty 
acids, and leucine[1,7,13]. Vitamin and microelement deficiency should be excluded, 
and in case of a deficit, vitamin D and zinc should be supplemented. Branched chain 
amino acid supplements and leucine-enriched amino acid supplements (6-8 g per day) 
should be considered, particularly in decompensated patients[11]. Ghrelin, a peptide 
produced in the stomach, has anabolic and anti-inflammatory properties that make it a 
promising agent[10]. A small study assessing ghrelin infusion in patients with heart 
failure showed improvement in LV function, muscle strength, lean body mass, and 
exercise capacity[1].

In the field of exercise, moderate intensity exercise is recommended for at least 30 
min per day, 3-5 times per week. Physical exercise should start with a short-term 
warm-up and end with a stretching/cool-down phase. Although a combination of 
resistance and aerobic exercise is recommended, resistance exercise is more effective in 
reversing sarcopenia[9,13]. Avoidance of sedentary behavior should be recommended 
even in patients not willing to undergo a formal exercising program to increase daily 
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physical activity within the context of NEAT (nonexercise activity thermogenesis). As 
opposed to scheduled exercise, NEAT encourages patients to take opportunities to 
increase their activity within their day-to-day activities[11]. Exercise brings improve-
ment in insulin sensitivity, an increase in muscle protein synthesis, and the use of 
muscle as an alternative route for ammonia detoxification. According to EASL 
guidelines, the target for moderate aerobic activity is to eventually reach up to 150 min 
per week, incorporating resistance activities on two or more days per week, except for 
abdominal workouts which are not recommended as they might abruptly increase 
abdominal pressure[11].

In the general complications of liver cirrhosis treatment area, there is evidence of the 
beneficial effect of TIPSS insertion on sarcopenia[1,7]. Thus, an uncontrolled study 
found that the insertion led to an increase in muscle mass and an improvement in 
overall prognosis. It also showed an improvement in psoas muscle area in 70% of 
patients with an increase in the mean muscle area after TIPSS insertion[2]. As 
previously stated, an already present sarcopenia could be considered a risk factor for 
mortality in patients who undergo TIPS placement[3], data, confirmed with another 
retrospective study in patients with cirrhosis who undergo TIPS placement for 
refractory ascites[54]. The therapeutic consequences of this findings are yet to be 
provided. The final treatment option for many patients with advanced liver cirrhosis 
is, of course, liver transplantation, which has been shown to have a beneficial effect on 
reversibility of muscle function after liver transplantation[9].

Dilemmas remain regarding the timeline of the proposed measures. It is 
hypothesized that an earlier intervention at a time when anabolic potential exists may 
be more effective than an intervention at a refractory stage of muscle wasting. Studies 
in this area are rare and have mostly been performed in very small populations in the 
field of cirrhosis[3]. To date, there is no evidence that exercise or dietary supplements 
affect sarcopenia through dysbiosis[4]. There is also no clear guidance on the group of 
patients with HCC and liver cirrhosis where interventions regarding exercise and 
dietary substitutions before and after treatment would probably be beneficial[21].

CONCLUSION
From their repeatability, comparability, accessibility, and realistic range for the correct 
clinical assessment of an individual patient, the main qualitative problem of sarco-
penia assessment in the population of patients with liver cirrhosis is the great hetero-
geneity of the proposed clinical tests (Figure 4). Control tests in clinical trials that are 
not generally proposed to assess sarcopenia in patients with liver cirrhosis are also 
common. From the patient’s point of view, correct assessment of the sarcopenia degree 
in the female population as well as in the population of overweight patients further 
exists. The unanswered question is the possibility of transferring study-confirmed 
findings between different races. When analysing different published studies, it is 
common that they address study issues within a small cohort that is occasionally 
incoherent or too isolative. Many studies are retrospective and represent an analysis of 
a difficult to verify or an incomplete mass of data stored in hospital computer systems 
rather than in study-specific storage programs. A common problem is the definition of 
the liver cirrhosis diagnosis which should in modern cACLD treatment be mostly 
elastographic, but certainly not a result of the ICD coding nomenclature. All with the 
aim to cover enough patients in the early disease stages and to discern patients who 
have sarcopenia at the expense of actual chronically impaired liver function. On the 
other side of the spectrum, many studies with sarcopenia do not pay enough attention 
to the population of patients with permanent decompensated disease, especially to 
those with refractory ascites. Many authors also point out that sarcopenia studies 
rarely include tests to define muscle function and focus solely on static information 
regarding total muscle mass which is easier to perform from the study complexity 
point of view. In this area, the question remains unanswered as to what is the long-
term relationship between muscle mass and function, which is probably not linear 
throughout, and whether this relationship has a significant impact on the risks 
associated with the presence of sarcopenia. There is considerable incoherence in the 
studies regarding the use and comparison of different (especially CT-defined) indices 
of muscle mass or function as well as the inclusion of own study-defined claims in 
sequential studies (possibility of continuing primary study error).

The definition of CT-SMI as the gold standard for muscle mass assessment and the 
efforts of several study groups to define valid cirrhosis related sarcopenia thresholds 
are an important foundation for the future study and clinical applicability of this field. 
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Figure 4 Sarcopenia evaluating methods. Distinctions regarding required training, applicability, practicality, accuracy and precision are presented. Adapted 
from Tandon et al[55]. BIA: Bioelectrical impedance analysis; CT: Computed tomography; MRI: Magnetic resonance imaging; DEXA: Dual energy x-ray 
absorptiometry.

Indeed, some data suggest that even small changes in the cut-off values could mean 
very relevant shifts in the detection and study evaluation of sarcopenia in this 
population[8].

Study-malnourished areas in the field of sarcopenia and liver cirrhosis are the area 
of sarcopenia-CSPH interdependence, the area of vulnerable groups (HCC patients, 
alcoholism, morbid obesity), and the influence of sarcopenia on clinical outcomes in 
addition to mortality, especially on various forms of disease decompensation. A small 
number of studies pays attention to the field of sarcopenia treatment through the 
therapeutic interventions. Such studies are, of course, necessary for the long-term 
clinical applicability of the field but difficult to perform in larger cohorts.

According to certain clues, sarcopenia could have an important decision regarding 
the clinical choice for liver transplantation, both in terms of the patient’s higher 
priority and in terms of the patient’s ability to be fit for a major surgery. In countries 
that allow such graft allocation, this could lead to the selection of poorer transplants or 
living donor transplants, or to the rejection of the transplant process in the event of an 
estimated poor yield.

At the very end, an issue remains that we as clinical professionals find difficult to 
face. Does the current definition of sarcopenia by the above-mentioned tests have any 
relevant clinical implications regarding patients’ survival? Although most of the 
answers point to the affirmative, we are still quite a long way from the objective long-
term goals of successful treatment in this area.

Nevertheless, we can certainly be justifiably pleased and proud to look at the huge 
leap of the last decade in terms of the knowledge gained in this clinically most relevant 
field. New possibilities for the use of existing and more modern indices of declining 
muscle mass and function in a patient with cirrhosis are coming to the fore. The tests 
mentioned in the article are increasingly striving for repeatability and simplicity, both 
in enabling dynamic sarcopenia monitoring and in reducing investigator dependent 
errors. A realistic desire for a study breakthrough in the upcoming years remains to 
define sarcopenia tests and indices that would ensure further ease of affordability and 
mass clinical applicability for a patient with liver cirrhosis.
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