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 MOTTO: „Transplantace nabízí 
nemocným příležitost ke zlepšení 

kvality života a větší sociální 
nezávislost! 

Transplantace není prospěšná pouze 
pro jednotlivce, ale představuje také 

hodnotu pro větší “ekonomiku zdraví”. 
Někteří pacienti se navíc mohou vrátit 
do práce, a tím jsou méně závislí na 

státní podpoře.“ 

“Cílem je maximalizovat roky života 
získané transplantací dárcovského 

orgánu”.



Waiting List - “ Kdo nečeká, není léčen!”







Randomizace mezi tréninkem a “dosavadním přístupem” již není eticky 
ospraveditelná, protože různé studie prokázali výhody zlepšení fyzického stavu 

kapacita, fyzické aktivity a stavu kosterních svalů a samotné operace.
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Prehabilitation for solid organ transplant candidates 

 
Overview of recommendations based on the literature to discuss during the TLJ 3.0 meeting 
in Prague, November 13th-15th 2022. 
 

Background 
For solid organ transplant candidates (SOTCs) it is important to be in an optimal condition, 
both physically and psychologically, to be able to endure the stress of transplant surgery and 
to enhance recovery after the transplant. However, the overall fitness of transplant candidates 
is often compromised due to end-stage organ failure, comorbidities, and, in case of chronic 
kidney disease, adverse effects of dialysis. The overall condition of SOTCs is often 
characterized by low physical activity, malnutrition, and fatigue, which in turn may cause 
psychological problems. Consequently, SOTCs may be considered as a frail patient 
population. The waiting-list period before a solid organ transplant provides a window of 
opportunity to enhance the overall condition of SOTCs by prehabilitation. 
Prehabilitation refers to the process of optimizing the overall condition of a patient before an 
operation in order to enhance their ability to withstand the stress of the surgery and accelerate 
recovery after surgery.[1] Prehabilitation focuses on achieving lifestyle changes in order to 
reduce risks of complications related to surgery and should at least comprise physical training, 
dietary management, and psychological interventions.[1]  
Prehabilitation has shown promising results in other patient populations [2-4] and may also be 
beneficial for SOTCs.[5, 6] By offering prehabilitation prior to transplantation, patients may be 
more likely to adopt a sustainable, healthy lifestyle. Therefore, prehabilitation may not only 
improve the health and quality of life of SOTCs before and after the transplant, but may 
improve clinical outcomes, e.g. a lower complication rate, a shorter length of hospital stay and 
improved survival rates.  
Studies investigating prehabilitation in transplant populations are scarce. So far, a few studies 
have shown that prehabilitation during the waiting-list period is feasible.[5, 6] Consequently, 
recommendations which exercise, nutritional of psychological interventions are effective and 
suitable for prehabilitation in SOTCs are lacking nor a guideline for prehabilitation in SOTCs 
has not been established. 
  

Prehabilitace označuje proces optimalizace celkového stavu pacienta 
před operací s cílem zvýšit jeho schopnost odolávat zátěži operace a 

urychlit rekonvalescenci po operaci. Rehabilitace se zaměřuje na 
dosažení změn životního stylu, aby se snížilo riziko komplikací 

souvisejících s chirurgickým zákrokem, a měla by zahrnovat alespoň 
fyzický trénink, dietní režim a psychologické intervence. 


Cíl: udržitelný zdravý životní styl, zlepšit zdraví a kvalitu života, zlepšit 
klinické výsledky, např. nižší míra komplikací, kratší doba hospitalizace a 

lepší míra přežití.





Changes in frailty are associated with waitlist mortality
in patients with cirrhosis
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Highlights
! In patients with cirrhosis, changes in frailty were significantly

associated with death/delisting.

! Patients with cirrhosis who experienced improvements in frailty
over time had a lower risk of death/delisting.

! Our data support the longitudinal measurement of frailty in
patients with cirrhosis.

! This study lays the foundation for interventional work aimed at
reversing frailty.
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Lay summary
Frailty, as measured at a single time
point, is predictive of death in patients
with cirrhosis, but whether changes in
frailty over time are associated with
death is unknown. In a study of over
1,000 patients with cirrhosis who
underwent frailty testing, we dem-
onstrate that worsening frailty is
strongly linked with mortality,
regardless of baseline frailty and liver
disease severity. Notably, patients
who experienced improvements in
frailty over time had a lower risk of
death/delisting. Our data support the
longitudinal measurement of frailty in
patients with cirrhosis and lay the
foundation for interventional work
aimed at reversing frailty.
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U pacientů s cirhózou byly změny 
frailty významně spojeny s úmrtím/

vyřazením ze seznamu 

Pacienti s cirhózou, u kterých došlo 
ke zlepšení stavu v průběhu času, 
měli nižší riziko úmrtí/vyřazení ze 

seznamu


Data podporují longitudinální měření 
křehkosti u pacientů s cirhózou.Changes in frailty are associated with waitlist mortality

in patients with cirrhosis
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might be affected by fluid shifts, which is a frequent compli-
cation in patients with decompensated cirrhosis [25].

An objective assessment of body composition including
muscle mass as well as adipose tissue can be obtained by
analyzing a single cross-sectional CT or MRI image [26].
Cross-sectional imaging is part of the conventional liver trans-
plant evaluation in most transplant centers and therefore

available for most patients. Assessment of single-slice images
at the level of the third lumbar vertebra using the skeletal
muscle index (SMI) [27] or the psoas muscle has been
reported.

Muscle area on cross-sectional CT images can be assessed by
using the Hounsfield units from − 29 to + 150. Measurements
can be obtained in a semi-automated way with the help of the

Fig. 1 Pathophysiology of sarcopenia. a Interplay between gut, liver, and
muscle. b Regulation of protein metabolism in the muscle. a, b FoxO,
forkhead box O; IGF-1, insulin-like growth factor 1; mTOR, mammalian

target of rapamycin; PKB/AKT, protein kinase B; UPP, ubiquitin-
proteasome pathway. Figure adapted from [16]

Curr Gastroenterol Rep  (2018) 20:50 Page 3 of 9  50 



Zhodnocení, testování





“…I know it when I see it!” …??? ALE…, stačí motivace nemocného?
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 Risk Factors

Worsening of the pre-liver transplant LFI by 0.1 unit was associated with signi!-
cantly reduced odds of being robust at 3 (OR 0.75; p < .001), 6 (OR 0.77; p < .001), 
and 12 months (OR 0.90; p =  .001) [20]. This association remained signi!cant 
after adjusting for MELD, age, female sex, and diabetes [20]. Similarly, pretrans-
plant frailty was associated with an increased risk for frailty following kidney 

Table 13.2 Tools for diagnosing frailty in patients with ESLD adapted from [7]

Tool Components Test results
Advantages and 
disadvantages

Fried Frailty 
Index

Unintentional weight loss 
(≥10 lbs/yr)
Jamar hand grip Exhaustion
Low activity level Gait speed 
(per 15 ft)

Frailty score ≥3 
is abnormal

Has subjective, self- 
reported components. 
Categorical score.
Limited in individuals with 
severe HE, ascites, or 
edema

Liver Frailty 
Index (LFI)

Grip strength
Chair stands
Balance testing

Score:
<3.2 – non-frail 
3.2 – <4.5 
-pre- frail
≥4.5 – frail

Developed for LT 
candidates.
Performance based, on 
continuous scale. May be 
more suitable to monitor 
changes over time

The 6-minute 
walk test 
(6MWT)

Walking distance over 6 min 
period

> 
300 m – normal
≤ 300 m – low 
endurance
< 250 m – frail

May be easily accessible in 
routine clinical care

Gait speed Usual pace gait speed 
(5 meters; m/s)
Use of assistive devices 
allowed

1 m/s is normal Not applicable to patients 
who are wheelchair bound

Short Physical 
Performance 
Battery Protocol 
(SPPB)

Gait speed balance
Timed repeated chair stands

Maximum 4 
points/category
Score < 9 is 
abnormal

Quick to complete (takes 
2–3 minutes) as an 
outpatient
May be dif!cult to perform 
in patients with moderate to 
severe HE

Activities of 
daily living 
(ADL)

Ability to feed, toilet, dress, 
bathe, and transfer

Points:
3 – independent
2 – needs 
assistance
1 – dependent
Score < 12 
abnormal

Can be performed by 
nurses
It is subjective as it is 
self-reported

The Braden 
Scale

Physical exam and 
assessment of 6 criteria: skin 
sensory perception, moisture, 
activity, mobility, nutrition, 
and friction (ability to hold a 
comfortable position in a 
chair and bed).

Score of 23 – no 
risk
Score of 16 – 
requires 
intervention

Can be performed by 
nurses

13 Physical Frailty and Sarcopenia in End-Stage Liver Disease: Do They Improve…

Frailty Index dle Friedové 

Liver Frailty Index (LFI) 

6-minutový test chůze (6MWT) 

Test chůze (Gait) 

SPPB - krátká baterie pro test fez. 
zdatnosti


ADL - zhodnocení aktivit denního 
života


Bradenova škála

Testy ke zhodnocení frailty sy u ESLD
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Given the relatively rapid changes in clinical condition that can occur in decom-
pensated cirrhotics, with associated decline in muscle mass and nutrition, it is criti-
cal that frailty measurement be repeated at regular intervals. While frailty appears to 
have more long-term predictive ability as a single snapshot when measured in clini-
cally well elderly outpatients (Fried frailty phenotype), that does not appear to be 
the case for patients with end-stage organ disease where sarcopenia, inactivity, mal-
nutrition, and cognitive decline can occur much more quickly. Ideally, transplant 
providers and centers wishing to utilize frailty measurement as part of their candi-
date evaluation process, and waitlist management, should utilize a single measure 
(e.g., LFI) repeated at regular intervals (such as quarterly or at regular clinic visits 
every 3–6 months while on the waitlist). Progressive increase in frailty score should 
prompt reassessment of the patient’s physical activity, diet and nutrition assessment, 
and associated clinical condition (infection, complications of portal hypertension, 
encephalopathy, accelerated comorbid conditions, etc.).

 Implications of Frailty

A growing number of studies have attempted to correlate frailty, de"ned by multiple 
measures and tools, with waitlist and transplant outcomes. While available data to 
date cannot clearly quantify the risk that patients with high frailty face with trans-
plant, it is clear that frailty contributes in important ways to de"ning a patient 

Table 12.1 Select frailty measurement tools in candidates for liver transplantation

Tool
Advantages in liver 
transplant population

Estimated time 
for assessment

Populations 
studied

Criteria for 
high frailty

Karnofsky 
Performance 
Score

Intuitive to clinicians and 
patients
Applicable even to 
critically ill patients
Low cost
Fast

<10 seconds Inpatient
Outpatient

0–40

ADLs/IADLs Patient reported
No cost
Well-associated with 
outcomes across patient 
populations

3–4 minutes Inpatient
Outpatient

Dif"culty 
with ≥2 
ADLs

Liver frailty index Objective, performance 
based
Applicable to outpatient 
setting
Easy to perform

<10 minutes Outpatient ≥4.5

6-minute walk 
test

Objective, performance 
based
Continuous scale
No specialized 
equipment

~6 minutes Outpatient <250 m

12 Frailty and Sarcopenia in the Selection of Candidates for Liver Transplantation





FI se jeví jako spolehlivější než pouhé použití kritérií věku, protože poskytuje 
objektivní numerický parametr odrážející biologický věk pacienta.

Zhodnocení komplexitu křehkosti u této podskupiny pacientů:

Dle Friedové anebo J.Lai et al. ——> omezení použití při sledování 

pacientů s OLT  


“nový" FI-39 pro pacienty s OLTx
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Abstract
The majority of patients undergoing Orthotopic Liver Transplantation (OLT) have increased in age, therefore chronological 
age may have become an unreliable parameter for supporting clinical decisions. The age-related deficit accumulation model 
measuring frailty proposed by Rockwood et al., may propose an alternative in providing an estimate of an individual’s bio-
logical age. No Frailty Index (FI) tailored specifically for OLT patients exists to date. Forty-three consecutive OLT patients 
with ≥ 20 years of survival with a functioning graft were included in our study. The FI was computed taking to account 39 
items (FI-39), meeting the standard criteria for internal validation. Endpoints were polypharmacy, and recent Emergency 
Room admission. The mean age of our population was 69 (sd 9) years. The mean FI-39 was 0.23 (sd 0.1). The FI-39 was 
associated with polypharmacy [odds ratio (OR) 1.13; Confidence interval (95%CI) 1.03–1.24; p = 0.01], and recent Emer-
gency Room admission [beta coefficient + 1.98; 95%CI + 0.26, + 3.70; p = 0.03], independent for age and sex. This study 
demonstrates that an FI can be derived from data collected during routine clinical follow-up and allows for improved dif-
ferentiation related to the OLT clinical complexity in OLT patients, independent of chronological age. This may lead to the 
adoption of FI-39 to improve personalized OLT patient care.

Keywords Frailty · Liver Transplantation · Long term survivors · Improving outcomes · Frailty Index

Introduction

 The scientific community is identifying surrogate markers 
for chronological age in geriatric patients to improve care 
and interventions. This has led to the concept of frailty. It is 
a condition characterized by a reduction in the individual’s 
physiological reserves and increased risk of adverse health 
outcomes [1]. This is also seen in the Orthotopic Liver 
Transplantation (OLT) patient although to date, clinical 
practice uses chronological age in this patient group.

OLT represents the gold standard in the treatment of acute 
liver failure, end-stage liver diseases, and hepatocellular car-
cinoma. It is a complex intervention with burden of early and 

late complications. In addition, the mean age of the OLT 
population has increased in recent years. This is due to the 
increase in recipient age at time of transplant, the increase 
in survival rate provided by the improvement in immuno-
suppression protocols, and a decreased mortality related to 
comorbidities [2]. However, despite this, surgical outcomes, 
chronic immunosuppression, and related comorbidities con-
tribute to the accelerated aging process in OLT long-term 
survivors. This aging process has commonly been quantified 
in chronological age despite its limitations.

This present study aims to generate and validate a novel 
Frailty Index, designed in accordance with the theoretical 
model proposed by Mitnitski [3], standardized by Searle 
[4], the FI-39 index for OLT patients. The robustness will 
be internally verified; the predictive capacity of the FI-39 
index will also be validated for specific clinical outcomes, 
such as recent Emergency Room (ER) admissions and 
polypharmacy.

 * Mattia Corradi 
 mattia.corradi@unimi.it
1 Scuola di Specializzazione in Malattie dell’Apparato 

Digerente, University of Milan, Milan, Italy
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University of Milan, Milan, Italy
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Materials and methods

An observational, cross-sectional study was conducted on 
forty-three consecutive OLT patients with ≥ 20 years of 
survival with a functioning graft, referring to the Liver 
Transplant Centre of the ASST Grande Ospedale Metro-
politano Niguarda (Milan, Italy) (see Fig. 1).

A 39-item FI was generated using clinical information, 
including signs, symptoms, diseases, disabilities, bio-
logical abnormalities, and directly retrieved from medical 
records (see Table 1). The data were collected during rou-
tine examination in the post-OLT ward. Most of the vari-
ables were already taken into consideration in the usual 
routine (i.e., blood values, vital signs); some others (i.e., 
handgrip) have been measured expressly for building up 
our index. The collection of these data was performed by 
a study technician taking between 5 and 10 min for each 
patient.

The FI-39 was then calculated as the ratio between the 
number of the health deficits present in the individual 
patient (presence of the deficit = 1, absence of the defi-
cit = 0) with the number of considered deficits, being 39 
in the study. Thus, an FI could theoretically range between 
0 and 1, complete absence of deficits and all deficits are 
present, respectively [4].

To verify whether the generated FI-39 was able to cap-
ture the clinical vulnerability of the individual, two out-
comes were defined:

(1) A recent ER admission that is occurred over the previ-
ous 12 months.

(2) The presence of polypharmacy, defined as the simulta-
neous use of four or more medications per day [5].

The study sample was described using prevalences 
and means (with standard deviations) for the variables of 
interest. Pearson’s correlation analysis was performed to 
test the relationship between FI-39 and chronological age. 

Fig. 1  Enrollment of the patients included in our study

Table 1  List of the 39 health deficits composing the FI-39

Health deficits

AST abnormality (> 40 U/L)
ALT abnormality (> 45 U/L)
Bilirubin abnormality (> 1.0 mg/dL)
Hemoglobin abnormality (< 14.1 g/dL)
Creatinine abnormality (> 1.17 mg/dL)
Gamma-glutamyl transferase abnormality (> 50 mg/dL)
Alkaline phosphatase abnormality (> 129 mg/dL)
Systolic blood pressure abnormality (< 100 or > 140 mmHg)
Diastolic blood pressure abnormality (< 60 or > 90 mmHg)
Muscle weakness assessed using dynamometer
Obesity
Need help for eating
Need help for housekeeping
Need help with finances
Disability in transportation
Balance disorders
Mobility disability
Memory complaints
Self-reported insomnia
Hearing impairment
Vision impairment
Tremors
Osteoporosis
Urinary incontinence
Thyroid disease
Gastrointestinal disease
Renal disease
Skin disease
Biliary tract disease
Chronic respiratory disease
Cerebrovascular disease
History of myocardial infarction
Signs of cardiac decompensation
Cardiac arrhythmias
Diabetes
Cancer
Osteoarthritis
Asthenia
History/family history of neurodegenerative diseases
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Sarcopenia assessment is particularly useful  in 
the pediatric population  because muscle contractile 
function can be difficult to assess in young children. 
Measures of muscle mass can provide an objective 
measure of growth because anthropometric measures 
such as weight, BMI, midarm circumference, tri-
ceps skin fold thickness, and serum markers such as 
albumin are often confounded by concurrent ascites, 
peripheral edema, and organomegaly.(147- 149) This is 
particularly relevant in infants, for whom ascites limits 
the value of standard anthropometric measurements. 
Similar to adults, CT imaging with quantitative mor-
phomics provides the most accurate assessment of 
muscle mass, with more data supporting the use of 
total psoas muscle versus total skeletal muscle mass, 

including reference values for children aged 1- 16 
years.(147,150- 152) Longitudinal measurements, includ-
ing rate of change, are even more relevant given the 
dynamic changes with development in children.

Prevalence
Sarcopenia is common in adults with cirrhosis, 

affecting 30%- 70% of patients with end- stage liver 
disease.(153) Similar to the general population, there 
are strong sex- based differences in the prevalence of 
sarcopenia, with 21% of women and 54% of men with 
cirrhosis awaiting liver transplantation meeting cri-
teria for sarcopenia by SMI in one large multicenter 
study.(131) The degree of muscle loss correlates with 
severity of liver disease in men but not women.(154) In 

TABLE 3. Tools to Assess Muscle Mass that have been Studied in Patients with End- Stage Liver Disease

Method
Equipment 

Needed Advantages Disadvantages Outcomes Studied Summary Notes

Anthropometrics(142,171)   
(MAMC, triceps skinfold 
thickness)

Tape measure, 
skinfold 
thickness, 
calipers

Safe, rapid, bedside 
tool, accessible, 
minimal training, 
repeatable

Low reproducibility; 
affected by fluid over-
load, adipose tissue 
loss; weak correlation 
with cross- sectional 
imaging

Concordance between 
DEXA and CT, post– liver 
transplant morbidity 
and mortality

Practical for large patient 
populations but poor accu-
racy and precision; interpret 
with caution

Anthropometrics (pediatric)(150) Comparison between 
MAMC and CT

BIA(135- 139) BIA device Safe, rapid, acces-
sible, minimal to 
moderate training, 
repeatable

Strict parameters around 
nutritional intake and 
exercise before the 
test, positioning chal-
lenging in patients 
with obesity

Hepatic decompensation, 
pretransplant mortality

Fluid retention may impact 
the reliability of lean body 
mass estimates; data using 
phase angle show good 
reliability even in patients 
with fluid retention

Ultrasound(165,172,173) Ultrasound 
device

Safe, rapid, acces-
sible, repeatable

Operator- dependent, 
challenging in 
patients with obesity, 
lack of normative data

Ultrasound of psoas com-
pared with CT- based 
SMI, hospitalizations 
and mortality, severity 
of liver disease

More data are needed to 
standardize technique; able 
to provide echogenicity 
data for tissue integrity

MRI(134,174) MRI machine, 
image 
analysis 
software

Accurate, no ra-
diation, measures 
muscle quantity 
and quality

Costly, limited availability Validated against CT 
imaging, acute- on- 
chronic liver failure 
and mortality

Muscle mass has been 
defined by fat- free muscle 
area

DEXA(142,144,145,158,175) DEXA scanner Safe, rapid Radiation exposure 
(low),edema can limit 
accuracy

Mortality Low concordance between 
DEXA and CT in patients 
with cirrhosis  
DEXA appendicular mass 
improves accuracy com-
pared with CT

CT(131,154,157,159,160,166,169,176,177) CT scanner, 
image 
analysis 
software

Accurate, rapid, 
measures muscle 
quantity and qual-
ity, requires a high 
level of training to 
interpret

Radiation exposure, not 
available at bedside, 
varying cut- points/
sites of measurement, 
not easily repeatable

Waitlist mortality, post-
transplant mortality, 
decompensation, 
acute care use, quality 
of life

Has the most evidence to 
support its use but has 
challenges with radiation 
exposure and repeatability  
Muscle mass measures 
that have been studied:
• Total psoas area
• Psoas muscle index
• SMI
• Total skeletal muscle 

attenuation

CT (pediatric)(150- 152,155,156,178) Comparison between 
MAMC and CT, 
comparison with 
healthy children, 
motor delay, infections, 
hospitalizations
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Malnutrition, Frailty, and Sarcopenia in 
Patients With Cirrhosis: 2021 Practice 
Guidance by the American Association for 
the Study of Liver Diseases
Jennifer C. Lai ,1* Puneeta Tandon,2* William Bernal,3 Elliot B. Tapper ,4 Udeme Ekong ,5 Srinivasan Dasarathy,6   
and Elizabeth J. Carey7

Purpose and Scope of This 
Practice Guidance

This is the first American Association for the Study 
of Liver Diseases (AASLD) practice guidance on the 
management of malnutrition, frailty, and sarcopenia in 
patients with cirrhosis. This guidance represents the 
consensus of a panel of experts after a thorough review 
and vigorous debate of the literature published to date, 
incorporating clinical experience and common sense to 
fill in the gaps when appropriate. Our goal was to offer 
clinicians pragmatic recommendations that could be 
implemented immediately in clinical practice to target 
malnutrition, frailty, and sarcopenia in this population.

This AASLD guidance document differs from 
AASLD guidelines, which are supported by sys-
tematic reviews of the literature, formal rating of the 
quality of the evidence and strength of the recommen-
dations, and, if appropriate, meta- analysis of results 
using the Grading of Recommendations Assessment 
Development and Evaluation system. In contrast, this 

guidance was developed by consensus of an expert panel 
and provides guidance statements based on formal 
review and analysis of the literature on the topics, with 
oversight provided by the AASLD Practice Guidelines 
Committee at all stages of guidance development. The 
AASLD Practice Guidelines Committee chose to per-
form a guidance on this topic because a sufficient num-
ber of randomized controlled trials (RCTs) were not 
available to support the development of a guideline.

Definitions of Malnutrition, 
Frailty, and Sarcopenia 
and Their Relationship in 
Patients With Cirrhosis

Cirrhosis is a major predisposing condition for the 
development of malnutrition, frailty, and sarcopenia. 
Multiple, yet complementary, definitions of these con-
ditions exist in the published domain outside of the 

Abbreviations: AASLD, American Association for the Study of Liver Diseases; ADLs, activities of daily living; BCAA, branched- chain amino acid; BIA, 
bioelectrical impedance analysis; BMI, body mass index; DEXA, dual- energy X- ray absorptiometry; KPS, Karnofsky Performance Status; MAMC, midarm 
muscular circumference; MELD- Na, Model for End- Stage Liver Disease- Sodium; NPO, nil per os; RCT, randomized controlled trial; REE, resting energy 
expenditure; RFH- NPT, Royal Free Hospital Nutrition Prioritizing Tool; SMI, skeletal muscle index; TIPS, transjugular intrahepatic portosystemic shunt.
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Body composition can be assessed by an extensive range of indirect and direct 
modalities such as anthropometry, bioelectrical impedance (BIA), dual-energy 
X-ray absorptiometry (DEXA), ultrasound (US), magnetic resonance imaging 
(MRI), and computed tomography (CT). While most of these modalities may be 
applicable in the general population, some are not appropriate in cirrhosis. A !uid 
shift which is a common complication in patients with decompensated cirrhosis 
may in!uence the accuracy of some of these modalities such as DEXA and BIA.

An objective assessment of body composition features including muscle and adi-
pose tissue mass and radiodensity can be achieved by analyzing a single cross- 
sectional CT or MRI image. In patients with cirrhosis, cross-sectional imaging is 
normally requested as part of liver transplantation (LT) assessment and hence is 
accessible for most patients. Using a single-slide CT image, we can quantify muscle 
and adipose tissue area and radiodensity by means of tissue attenuation ranges mea-
sured in Houns"eld units (HU) (Fig.  10.1). Quanti"cation of body composition 
parameters provides objective data, which might be applicable for central decisions, 
such as candidacy for LT. Reproducibility, sensitivity, and speci"city of these tech-
niques to capture longitudinal changes in body composition are important consider-
ations to predict patients’ long-term outcomes.

Given the association between body composition abnormalities and worse out-
comes in patients with cirrhosis, early identi"cation is critical to facilitate proper 
interventions in order to reverse body composition abnormalities in these patients. 
Moreover, evaluating the prevalence and clinical impact of body composition 
abnormalities on morbidity and mortality in cirrhosis can be used to develop a 

–30–190

Low subcutaneous adiposity

High visceral adiposity Myosteatosis

BoneSkeletal muscle
[–29,+150] HU

Adipose tissue
[–190,–30] HU

Sarcopenia

HU
0 150

Fig. 10.1 Muscle and adipose tissue quanti"cation for identi"cation of body composition abnor-
malities. Body composition abnormalities in patients with cirrhosis include sarcopenia, myosteato-
sis, high visceral adiposity, and low subcutaneous adiposity. These abnormalities can be determined 
on a single-slice CT image taken at the third lumbar vertebrate, using tissue attenuation ranges 
measured in Houns"eld Units (HU)

10 The Role of Changes in Subcutaneous and Visceral Adiposity, Sarcopenic Obesity…



Velikost a symetrie svalů 
Subkutánní tuková tkáň (SAT) 
Index tělesné hmotnosti (BMI) 

Procento tělesného tuku 
Lean Body Mass 

Pouze pro výzkumné a informační účely: 
Intramuskulární tuková tkáň (IMAT)


Index intramuskulární adipózní tkáně (IMAT)

Estimated Fuel Level (EFL)


Muscle Fuel Symmetry (MFS)

Muscle Fuel Rating (MFR)


Muscle Energy Status (MES)
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et al. 2017; Fragala et al. 2015). Skeletal 
muscle quality is already recognised as a 
marker of function in healthy individuals 
(Watanabe et al. 2013) and critically ill 
patients (Wischmeyer et al. 2017; Parry 

et al. 2015; Puthucheary et al. 2013; Bear 
et al. 2017) and has been emerging as a 
means to describe the changes associated 
with altered muscle functioning (Fragala 
et al. 2015; Watanabe et al. 2013; Sieber 

2017; Kelley and Kelley 2017).  Assessing 
muscle mass and quality in clinical popu-
lations at the bedside is of key importance 
due to the emerging associations between 
low muscle quality with low muscle mass 
and poor functional status (da Silveira et 
al. 2018). This allows for an increased 
understanding of the relationship between 
skeletal muscle quantity and quality, and 
malnutrition/outcome risk (McNelly et 
al. 2016; da Silveira et al. 2018). Our 
group has initial validation data for muscle 
quality from U/S versus gold-standard 
CT scan muscle quality and have an R2 
value of 0.989 (unpublished data). Finally, 
Puthucheary et al reported an increase in 
IMAT observed in muscle biopsies during 
ICU stay (Puthucheary et al. 2018). They 
described the existence of a  compromised 
muscle bioenergetic status as a result of a 
dysregulated lipid oxidation (Puthucheary 
et al. 2013; Puthucheary et al. 2018).  

The ease of adoption of muscle U/S at the 
ICU bedside has been markedly improved 
by the availability of a muscle specific U/S 
device (Musclesound Inc, Colorado, USA)  
This handheld U/S device is easy to carry 
and can be connected to a portable tablet 
device. The device is focused on allowing 
rapid, accurate measures of LBM at the 
bedside, with built-in guidance to ensure 
reproducible measurements. This new device 
is a significant improvement in LBM U/S 
technology. Unique measures of muscle 
glycogen and muscle quality can now be 
ascertained at the bedside in study subjects 
using the Musclesound U/S. As described. 
muscle quality has recently been correlated 
to muscle strength (Akazawa et al. 2018). 
Muscle glycogen U/S measures have been 
validated via muscle biopsy (Hill and Millan 
2014) and we have shown ICU patients 
have significant muscle glycogen deficits 
(Wischmeyer et al. 2017; Wischmeyer and 
San Millan 2015). Muscle glycogen is known 
to change daily based on adequacy of nutri-
tion intake, muscle uptake of substrate and 
“physical stress.”  Thus, it could prove useful 
in monitoring of nutrition delivery and 

)LJXUH����Examples of Muscle Ultrasound of the rectus femoris muscle- and Total Body Composition analyses 
using MuscleSound® ultrasound analysis (muscle quality and size) and Segmental Bioelectrical Impedance 
Spectroscopy (S-BIS) measurements (InBody S10).

Figure 1. Examples of Muscle Quality and Mass evaluation via CT Scan (level L3) and MuscleSound® analyses 
(short-axis rectus femoris muscle) assessed at the same time.

CT
Scan

Muscle-
Sound® 
Ultrasound 

18-25 y.o
High Muscle Mass, Low IMAT
High Muscle-Quality-BMI 22

35-50 y.o
Normal Muscle Mass, Low IMAT
Normal Muscle-Quality-BMI 29

40-50 y.o
Low Muscle Mass, Low IMAT
Low Muscle-Quality-BMI 17

%RG\�&RPSRVLWLRQ�$QDO\VLV�
Intracellular Water    47.1L
Extracelluler Water   31.9L
Dry Lean Mass   27.6kg
Lean Body Mass 106.6kg
Body Fat Mass  10.4kg

0XVFOH�)DW�$QDO\VLV
Weight    117.0kg
Skeletal Muscle Mass  59.5kg
Body Fat Mass  10.4kg

2EHVLW\�$QDO\VLV
BMI    29.3kg/m2

PBF      8.9%

%LRLPSHGDQFH�6SHFWURVFRS\�
%RG\�&RPSRVLWLRQ�$QDO\VLV�
Intracellular Water   12.8L
Extracelluler Water    8.8L
Dry Lean Mass    7.8kg
Lean Body Mass  29.4kg
Body Fat Mass  20.0kg

0XVFOH�)DW�$QDO\VLV
Weight    49.4kg
Skeletal Muscle Mass  14.7kg
Body Fat Mass  20.0kg

2EHVLW\�$QDO\VLV
BMI   17.6kg/m2

PBF   40.5%

A) Cachexia in ICU Patient: Low Muscle Mass-Elevated Body Fat

B): Professional Athlete: High Muscle Mass-Low Body Fat

MuscleSound® Ultrasound
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Highlights

• Bioelectrical impedance vector analysis is a promising alternative for the

assessment of patients with liver cirrhosis.

• Resistance and reactance are used to assess the nutrition and hydration

status.

• The vector placement had a prognostic effect in patients awaiting liver

transplant.

• Fluid retention and malnutrition predicted the vector placement in quadrant

4.

Abstract

Objectives

The aim of this study was to assess patients on the waiting list for liver transplant (LTx)

according to bioelectrical impedance vector analysis (BIVA), as well as to verify the

association between the placement of the vectors on the graph with clinical outcomes

and identify the predictors to vector placement in quadrant 4 (Q4; indicating more

hydration and less cellularity).

Methods

This was a retrospective observational study including 129 patients ≥20 y of age awaiting

LTx. Patients’ nutritional status was assessed by using different tools, including single-

frequency bioelectrical impedance analysis and the Subjective Global Assessment (SGA).

Clinical data were registered. The BIVA was evaluated by comparing the individual

vectors plotted for all patients to the tolerance ellipses of 50%, 75%, and 95% of the

reference healthy population. The quadrant of the vector for each patient was registered.

Results

The majority of the vectors were placed in Q1 (n  =  54; 41.9%) and Q4 (n  =  39; 30.2%). The

presence of ascites or edema (hazard ratio [HR], 2.43; 95% confidence interval [CI], 1.15–

5.12; P  =  0.019) and the BIVA vector placed in Q4 in any ellipse (HR, 2.10; 95% CI, 1.07–

4.09; P  =  0.029) were independent predictors for mortality on the waiting list or ≤1 y

after LTx. BIVA was not associated with longer hospital length of stay. The predictors of

vector placement in Q4 were higher age, malnutrition according to SGA, and presence of

ascites or edema.

Conclusion

Patients on the waiting list for LTx with BIVA vectors placed in Q4, in the 50%, 75%, or 95%

tolerance ellipses, presented a worse prognosis.
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Bioelektrická impedanční vektorová analýza je slibnou alternativou pro 
hodnocení pacientů s jaterní cirhózou.


Rezistence a reaktance se používají k posouzení stavu výživy a hydratace.

Umístění vektoru mělo prognostický účinek u pacientů čekajících na 

transplantaci jater.



Evropská pracovní skupina pro 
sarkopénii u starších lidí (EWGSOP) 

stanovila diagnostickou metodu 
sarkopenie:


svalovou hmotu, svalovou sílu a 
fyzickou výkonnost

doporučení: kombinované posouzení svalové 
hmoty a funkčního stavu (svalové síly nebo 

výkonnosti)

Svalovou hmotu lze kvantifikovat širokou škálou 

nepřímých a přímých modalit, jako je antropometrie, 
bioelektrická impedanční analýza (BIA), rentgenová 

absorpciometrie s duální energií (DEXA), ultrazvuk (US),
(MRI) + (CT)



hypertension. Larger and better-designed clinical trials
investigating the role of exercise on clinical outcomes
in LT candidates are needed. With approximately 1 in
5 wait-list patients dying or becoming too sick to
transplant every year,(82) transplant providers are in
need of new interventions to successfully bridge our
patients to LT. Until more evidence is available, exer-
cise provides an effective, safe, and affordable interven-
tion to help our patients remain healthier and become
less vulnerable while on the waiting list.

Future Directions
Lifestyle modification programs have been successful
in improving health and well-being in multiple areas of
medicine. Apart from tailored recommendations re-
garding exercise and diet, these programs focus on life-
style changes favoring increased activities of daily living
and nonexercise activity thermogenesis (NEAT).
Examples of NEAT and corresponding energetic costs
are shown in Table 4. NEAT is the main component
of energy expenditure (thermogenesis), even in people

who regularly exercise.(83) As such, targeting NEAT
with exercise routines complements physical training
and creates a more durable intervention. In order to
improve patient’s independency, activities of daily liv-
ing should be emphasized as part of NEAT. In a previ-
ous study including 9 patients with hepatitis C–related

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

FIG. 4. Exercise model for patients with ESLD considering the type of exercise and its impact on physical fitness, sarcopenia/malnu-
trition, and frailty, as well as potential benefits on clinical outcomes. A nutritional intervention is always recommended along with
physical training.

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

TABLE 4. Examples of NEAT and Corresponding
Energetic Cost

Activity Calories/hour

Sitting or riding in an automobile 0-50
Standing 50-100
Cooking dinner 50-100
Cleaning 100-200
Grocery shopping 100-200
Sweeping or vacuuming 100-200
Fishing 100-200
Walking or pushing a stroller 200-300
Climbing stairs 200-400
Gardening or mowing lawn 200-400
Dancing 250-500

NOTE: Actual calories burned per hour (calories/hour) will vary
depending on age, sex, weight, and activity intensity, among
other factors.

LIVER TRANSPLANTATION, Vol. 24, No. 1, 2018 DUARTE-ROJO ET AL.
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waitlist, as there are no data to support a single frailty cutoff at 
which a patient should not undergo liver transplantation. Instead, 
we advocate that a standardized tool for frailty be considered as one 
of many objective components that are routinely incorporated into 
a clinician's assessment of a patient's global health status that ulti-
mately determines his or her transplant candidacy (Figure 2).8

Incorporating frailty into transplant decision‐making can offer 
the liver transplant community more than simply prognostication. 
What makes frailty such a unique risk factor for patients with cir-
rhosis is that, unlike more “traditional” transplant risk factors such 
as age, sex, or Model for End‐Stage Liver Disease score, individual 
components of frailty (eg, physical function, sarcopenia, and mal-
nutrition) are potentially modifiable with exercise and nutritional 
interventions.25,26

Recently, the concept of “prehabilitation” has gained signifi-
cant momentum in transplant and nontransplant surgical fields.27 
Prehabilitation refers to multidisciplinary “training” to enhance 
physical strength and nutritional status—with the theoretical benefit 
of improving physiologic reserve prior to surgery. Although data on 
the impact of prehabilitation in liver transplantation are limited to a 
small cohort at a single center,27 there is emerging evidence in stud-
ies of patients undergoing major abdominal surgeries that prehabil-
itation programs improve outcomes and reduce costs. Examples of 
specific interventions have included comprehensive physical activ-
ity programs, supervised and home‐based exercises, educational/
behavioral modification, and/or nutrition counseling.

Based on these data, we have developed a simple algorithm that 
leverages the potential “modifiability” of frailty through prehabilita-
tion (Figure 3). Specifically, this algorithm uses a standardized frailty 
metric to guide recommendations regarding the intensity of preha-
bilitation for liver transplant candidates. While our working group 
agreed that all liver transplant candidates should be provided exer-
cise and nutritional recommendations, in light of limited availability 

of outpatient physical therapy and dietician resources—not to men-
tion limited reimbursement—our algorithm allows for intensification 
of resources in those patients who are most vulnerable (ie, frail). 
The specific goals of this algorithm were to: (a) increase physiologic 
reserve pretransplant so that patients may better withstand acute 
decompensating events, (b) improve clinical outcomes after liver 
transplantation, and (c) more efficiently and effectively allocate 
healthcare resources in liver transplantation.

Our algorithm involves the following steps:

• Step 1: Stratify risk by frailty status. All liver transplant candidates 
should undergo risk stratification using a standardized frailty as-
sessment tool. Our proposed frailty stratification system, based on 
expert opinion, for a select number of tools, is presented in Table 4.

• Step 2: Recommend a prehabilitation program based on risk stra-
tum. The intensity of frailty intervention should be tailored to the 
degree of frailty. Patients with severe frailty may benefit from 
intensive prehabilitation, with consideration of referral to an in-
patient rehabilitation center. We recommend that patients with 
a moderate degree of frailty engage in a home‐based exercise 
program developed by a certified exercise professional that tar-
gets the patient's greatest functional impairment(s) (eg, balance, 
chair stands) but also incorporates aerobic training and simulates 
ADLs (to improve quality of life). Patients with mild or no frailty 
should follow recommendations developed for the general pop-
ulation (ie moderate‐intensity exercise ≥ 150 minutes per week), 
with gradual build up physical endurance and strength. Physical 
activity trackers (eg, accelerometers) may be considered to assess 
adherence.

• Step 3: Reassess and re-stratify. Reversal of frailty among liver 
transplant candidates is feasible but has not been systemat-
ically studied. Lack of progression, however, is a clinically rele-
vant achievement that should incentivize liver transplantation, 

F I G U R E  3   Algorithm to tailor 
prehabilitation recommendations based 
on frailty assessment [Color figure can be 
viewed at wileyonlinelibrary.com]

50% pacientů
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phenotype that is of high risk for adverse outcomes on the waiting list. In that con-
text, it is important to consider frailty as an additional domain of risk assessment 
among transplant candidates, considered alongside severity of synthetic liver dys-
function and portal hypertension, comorbid disease, surgical history and anatomic 
anomalies, and psychosocial !tness. Frailty in and of itself should not be the single 
reason to remove a patient from the waiting list nor does a validated cutoff frailty 
score exist to prevent patients from being listed for transplant.

The magnitude of effect of increasing frailty on patient outcomes is signi!cant 
and consistent across frailty metrics. Patients unable to achieve 250 m on a 6-minute 
walk test face a nearly twofold increase in waitlist mortality. A similar doubling of 
waitlist mortality is observed for each additional point according to the LFI [5]. Even 
for the more subjective measures of frailty such as KPS and ADLs/IADLs, patients 
in the highest risk strata face a mortality risk nearly double those without signi!cant 
de!cits in performance status. The effect of frailty appears to be synergistic with 
increasing severity of liver disease, as high MELD, high frailty patients suffer high 
waitlist mortality with even short observation periods (<1 year).

Beyond risk strati!cation for waitlist and transplant outcomes, perhaps the most 
impactful use of frailty assessment is to identify patients for remediation or “preha-
bilitation” protocols to mitigate frailty. Such efforts need to be speci!c to patient 
needs, simple such that they are reproducible and feasible for patients, and moni-
tored such that they can be adapted as patient needs change [9]. A possible tiered 
approach to prehabilitation guided by serial frailty measurement is outlined in 
Table  12.2. Prehabilitation protocols have demonstrated ef!cacy and 
 cost- effectiveness in several preoperative settings over relatively short periods of 
time (4–6 weeks prior to major surgery). Applying prehabilitation protocols, which 
typically include goal-directed daily physical activity and intensive nutrition sup-
port interventions, to the more prolonged needs (months or longer) of a patient 
waiting for transplant, presents logistical and !nancial challenges [7]. Furthermore, 
and perhaps most importantly, experience from other prehabilitation programs sug-
gests that compliance falls off sharply when the immediacy of a surgical interven-

Table 12.2 Prehabilitation schematic guided by frailty assessment

Initial frailty 
assessment Prehabilitation program

Frequency of frailty 
testing and clinical 
reassessment

Implications for 
transplant candidacy

Mild Daily exercise program 
(cumulative 150 min/week) 
divided into 2–3 sessions 
daily

12 weeks Appropriate liver 
transplant candidate

Moderate Home-based or outpatient 
physical therapy

4–8 weeks Proceed with liver 
transplantation if no 
further increase in frailty

Severe Consider inpatient 
rehabilitation

2–4 weeks Consider liver 
transplantation only if 
improvement in frailty

Adapted from Lai et al. [6]

C. J. Sonnenday
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Home Exercise Training Improves 
Exercise Capacity in Cirrhosis 
Patients: Role of Exercise 
Adherence
Calvin Kruger1,2, Margaret L. McNeely2, Robert J. Bailey3, Milad Yavari2, Juan G. Abraldes  1, 
Michelle Carbonneau1, Kim Newnham1, Vanessa DenHeyer1, Mang Ma1, Richard Thompson4, 
Ian Paterson5, Mark J. Haykowsky6 & Puneeta Tandon1,2

Cirrhosis patients have reduced peak aerobic power (peak VO2) that is associated with reduced survival. 
Supervised exercise training increases exercise tolerance. The effect of home-based exercise training 
(HET) in cirrhosis is unknown. The objective was to evaluate the safety and efficacy of 8 weeks of HET 
on peak VO2, 6-minute walk distance (6MWD), muscle mass, and quality of life in cirrhosis. Random 
assignment to 8 weeks of HET (moderate to high intensity cycling exercise, 3 days/week) or usual 
care. Exercise adherence defined as completing ≥80% training sessions. Paired t-tests and analysis of 
covariance used for comparisons. Forty patients enrolled: 58% male, mean age 57 y, 70% Child Pugh-A. 
Between group increases in peak VO2 (1.7, 95% CI: −0.33 to 3.7 ml/kg/min, p = 0.09) and 6MWD (33.7, 
95% CI: 5.1 to 62.4 m, p = 0.02) were greater after HET versus usual care. Improvements even more 
marked in adherent subjects for peak VO2 (2.8, 95% CI: 0.5–5.2 mL/kg/min, p = 0.02) and 6MWD (46.4, 
95% CI: 12.4–80.5 m, p = 0.009). No adverse events occurred during testing or HET. Eight weeks of HET 
is a safe and effective intervention to improve exercise capacity in cirrhosis, with maximal benefits 
occurring in those who complete ≥80% of the program.

In addition to the well-known health complications that arise with liver dysfunction1, it is increasingly recognized 
that many patients with cirrhosis also have severe physical deconditioning, sarcopenia, and physical frailty2–5. 
!ese prevalent, interwoven conditions limit normal daily activities, increase the risks for pre-transplant death 
and removal from liver transplant wait lists2,3,6, and lengthen hospital stays post-transplantation7–11.

The peak aerobic power, as measured by the peak VO2, is the most objective and integrated measure of 
impaired exercise capacity; an increase of 3.5 mL/kg/min is associated with a survival advantage in patients 
referred for cardiac testing12. Abnormalities in the peak VO2 have been independently linked to the severity of 
hepatic dysfunction across the cirrhosis patient spectrum. Even patients with well compensated, early stage cir-
rhosis, have an approximately 40% lower peak VO2 relative to healthy controls8,13.

Unlike most advanced liver-related complications, exercise capacity is potentially modi"able with changes in 
nutrition and exercise therapy. Our group and others have con"rmed that supervised exercise training signi"-
cantly improves peak VO2, muscle mass, and fatigue, and reduces the hepatic venous pressure gradient in patients 
with Child-Pugh A or B cirrhosis14–16.

Although clinically advantageous, the delivery of exercise using a supervised, site-based training environment 
does not meet the needs of many patients with cirrhosis. Individually, patients report many barriers to participa-
tion, including issues with transportation, parking availability, out-of-pocket costs, poor health, and interference 
with domestic responsibilities as well as social and work obligations17,18.
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in these patients. Future studies can extend this to patients with decompensated disease. !irdly, beta-blocker 
therapy was not an exclusion criterion, and a small but comparable number of patients were on beta-blockade 
in each group. Data from the cardiac rehabilitation literature suggests that although beta-blockers may blunt the 
improvement in the peak VO2

28, training e"ects and prognostic information can still be achieved despite thera-
peutic doses. Beta-blocker use did not a"ect our primary outcome.

Figure 2. Individual patient changes in Peak VO2 (mL/kg/minute). When compared to the UC group, peak 
VO2 in the HET group improved by 1.7 mL/kg/minute (95% CI: −0.33 to 3.7), p = 0.098). Abbreviations: VO2, 
oxygen uptake.

Figure 3. Individual patient changes in 6MWD (meters). When compared to the UC group, 6MWD in the 
HET group improved by 33 meters (95% CI: 5.1 to 62.4), p = 0.02). Abbreviations: 6MWD, six minute walk 
distance.

Exercise Training Group Adhered to ≥80% 
of sessions (n = 11)* Usual Care (UC) Group (n = 20) Between 

group mean 
changes 
(95% CI)

ANCOVA 
p value 
between 
groupsBaseline Study End

Within 
group 
p-value Baseline Study End

Within 
group 
p-value

Peak VO2 
(mL/kg/min) 18.5 ± 4.5 21.4 ± 6.7 0.01 21.0 ± 6.1 21.2 ± 6.3 0.80 2.8 (0.5 to 

5.2) 0.02

6-Minute walk 
distance (m) 503.6 ± 96.3 534.0 ± 102.7 0.003 520.8 ± 92.2 500.4 ± 91.8 0.08 46.4 (12.4 to 

80.5) 0.009

Table 3. Subgroup analysis - Baseline and End of Study measurements comparing the subgroup of patients 
who adhered to the exercise regimen (n = 11) versus Usual Care (n = 20). *% of prescribed sessions completed: 
Mean 100% ± 9.0% (SD); Median 100% (IQR: 100 to 104%). **No signi#cant di"erences in thigh muscle 
circumference, muscle mass or quality of life.

www.nature.com/scientificreports/

5SCIENTIFIC REPORTS |  (2018) 8:99  | DOI:10.1038/s41598-017-18320-y

in these patients. Future studies can extend this to patients with decompensated disease. !irdly, beta-blocker 
therapy was not an exclusion criterion, and a small but comparable number of patients were on beta-blockade 
in each group. Data from the cardiac rehabilitation literature suggests that although beta-blockers may blunt the 
improvement in the peak VO2

28, training e"ects and prognostic information can still be achieved despite thera-
peutic doses. Beta-blocker use did not a"ect our primary outcome.

Figure 2. Individual patient changes in Peak VO2 (mL/kg/minute). When compared to the UC group, peak 
VO2 in the HET group improved by 1.7 mL/kg/minute (95% CI: −0.33 to 3.7), p = 0.098). Abbreviations: VO2, 
oxygen uptake.

Figure 3. Individual patient changes in 6MWD (meters). When compared to the UC group, 6MWD in the 
HET group improved by 33 meters (95% CI: 5.1 to 62.4), p = 0.02). Abbreviations: 6MWD, six minute walk 
distance.

Exercise Training Group Adhered to ≥80% 
of sessions (n = 11)* Usual Care (UC) Group (n = 20) Between 

group mean 
changes 
(95% CI)

ANCOVA 
p value 
between 
groupsBaseline Study End

Within 
group 
p-value Baseline Study End

Within 
group 
p-value

Peak VO2 
(mL/kg/min) 18.5 ± 4.5 21.4 ± 6.7 0.01 21.0 ± 6.1 21.2 ± 6.3 0.80 2.8 (0.5 to 

5.2) 0.02

6-Minute walk 
distance (m) 503.6 ± 96.3 534.0 ± 102.7 0.003 520.8 ± 92.2 500.4 ± 91.8 0.08 46.4 (12.4 to 

80.5) 0.009

Table 3. Subgroup analysis - Baseline and End of Study measurements comparing the subgroup of patients 
who adhered to the exercise regimen (n = 11) versus Usual Care (n = 20). *% of prescribed sessions completed: 
Mean 100% ± 9.0% (SD); Median 100% (IQR: 100 to 104%). **No signi#cant di"erences in thigh muscle 
circumference, muscle mass or quality of life.



ORIGINAL ARTICLE | 995

ORIGINAL ARTICLE

Home-Based Exercise in Patients Awaiting 
Liver Transplantation: A Feasibility Study
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Frailty is associated with increased mortality both before and after liver transplantation (LT). There are no standardized  
exercise programs, in particular home-based exercise programs (HBEPs), for patients awaiting LT. The aim was to investigate 
the feasibility of such a program in patients awaiting LT. Patients were randomly selected from the Birmingham LT waiting 
list and provided with a 12-week HBEP, including average daily step (ADS) targets and twice-weekly resistance exercises. 
Feasibility was based on patient eligibility (≥66% of waiting list), target recruitment (≥90% of n = 20), safety (no related 
serious adverse events), and adherence (≥66% adherence to 6-week HBEP). Measures of aerobic (incremental shuttle walk 
test [ISWT], ADS), functional capacity (short physical performance battery test [SPPBT]), and health-related quality of life 
(EuroQol 5-Dimension 5-Level (EQ-5D-5L) and hospital anxiety and depression score [HADS]) were taken at baseline and 
at 6 and 12 weeks. 18 patients (50% male; median age, 55 years) were recruited. All domains of the study feasibility criteria 
were met. ISWT improved after 6 weeks (50 m; P ≤ 0.01) and 12 weeks (210 m; P ≤ 0.01), despite withdrawal of the telephone 
health calls. Similarly, improvements were seen in ADS (2700/day; P ≤ 0.01) and the SPPBT (2.5; P = 0.02) after 12 weeks. 
There was no difference in HADS (median difference [MD] –3; P = 0.69), but EQ-5D-5L after 12 weeks (17.5%; P = 0.04). 
In conclusion, a 12-week HBEP, incorporating both easy-to-apply resistance and aerobic exercises, is safe and feasible in  
patients awaiting LT. Measures of aerobic and functional capacity demonstrate trends toward improvement that warrant  
further investigation in a randomized controlled trial.
Liver Transplantation 25 995‒1006 2019 AASLD.
Received January 21, 2019; accepted February 27, 2019.
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End-stage liver disease (ESLD) is the third most 
common cause of premature mortality in the United 
Kingdom.(1) Liver transplantation (LT) remains the 
only cure for patients with ESLD and other variant 

syndromes, including advanced polycystic liver disease 
and refractory sclerosing cholangitis.(1) On average, 
adult patients wait 4-5 months for LT in the United 
Kingdom, and a significant proportion (approximately 
10%) die while waiting.(2)

The vast majority of patients with ESLD are in 
a clinical state of vulnerability, otherwise known as 
frailty, which is caused by a decline in physical reserve 
and resistance to stressors, and thereby, they are at a 
heightened risk of adverse outcomes.(3) ESLD accel-
erates the decline in muscle mass, strength, and phys-
ical performance (termed sarcopenia), which in turn 
reduces a patient’s aerobic (ie, ability to consume and 
use oxygen during exercise) and functional capacity 
(ie, ability to carry out activities of daily living).(4-6) In 
recent years, frailty and, in particular, low aerobic and 

WILLIAMS ET AL.

Abbreviations: ADS, average daily step; BMI, body mass index;  
EQ-5D-5L, EuroQol 5-Dimension 5-Level; EQ-VAS, EuroQoL 
visual analogue scale; ESLD, end-stage liver disease; HADS, hospital 
anxiety and depression score; HBEP, home-based exercise program; 
HRQoL, health-related quality of life; IQR, interquartile range; 
ISWT, incremental shuttle walk test; LT, liver transplantation; MD, 
median difference; MELD, Model for End-Stage Liver Disease; 
QEUHB, Queen Elizabeth University Hospitals Birmingham; RCT, 
randomized controlled trial; RPE, rate of perceived exertion; SPPBT, 
short physical performance battery test; UKELD, United Kingdom 
Model for End-Stage Liver Disease; VO2, oxygen consumption.

Neexistují žádné standardizované cvičební 
programy, zejména domácí cvičební 

programy (HBEPs), pro pacienty WL-LT. 

Cíl: prozkoumat proveditelnost takového 

programu u pacientů čekajících na LT.


12 týdnů 
2x týdně cvičení 

ISWT - incremental shuttle walk test 

SPPBT - short physical performance battery 

test 

ADS -average daily step 
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cardiac surgeries,(34) there remains a paucity of studies 
and no standardized exercise programs prior to LT.

The findings of this single-center pilot UK study 
suggest that unsupervised resistance exercise and 
walking programs are safe and feasible in the patients’ 
own homes while on the LT waiting list. Recruitment 
and adherence rates to the HBEP met the primary 
outcome target, thereby highlighting acceptable lev-
els of patient engagement and that an RCT to assess 
the efficacy of HBEP would be feasible. After only  
6 weeks, the HBEP resulted in encouraging trends in 
both aerobic and functional capacity. These objective 
improvements were maintained to 12 weeks, at which 
stage patients also self-reported less problems with 
mobility, pain, discomfort, and improvement in their 
perceived health status. Collectively, these observed 

trends may not only lead to a reduced clinical burden 
of frailty on the LT waiting list but, speculatively, 
may represent a reduced risk of mortality before and 
after LT.

Prior studies, consisting of 6-60 participants, 
have mainly focused on face-to-face, supervised 
exercise interventions in the hospital setting and in 
patients without significant liver failure warranting 
LT.(16,17,19,20,35-37) In agreement with our findings, 
the safety, acceptability, and adherence of variable 
exercise programs in patients with MELD scores of 
9-13 was considered satisfactory.(16,17,20) Similar to 
our patient demographic, a recent French study of 13 
patients on the LT waiting list (average age, 51 years;  
MELD, 13) reported that 12 weeks of exercise inter-
vention increased aerobic capacity, as assessed by 

FIG. 3. Changes after 6 and 12 weeks of the HBEP in (A) ISWT, (B) ADS count, (C) SPPBT (maximum score = 12), and (D) 
components of SPPBT (balance, gait speed, chair stands), reported as the percentage of participants achieving maximum score of 4/4. 
P values versus baseline.
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Abstract
Introduction A decline in physical function is highly prevalent and a poor prognostic factor in cirrhosis. We assessed the 
benefits of a home-based physical activity program (HB-PAP) in patients with cirrhosis with a randomized pilot trial.
Methods All participants received a personal activity tracker to monitor daily activities and were given 12 g/day of an 
essential amino acid supplement. The HB-PAP intervention consisted of biweekly counseling sessions to increase physical 
activity for 12 weeks. Six-minute walk test (6MWT) and cardiopulmonary exercise testing (CPET) assessed changes in 
aerobic fitness. Different anthropometric measuring tools were used for skeletal muscle and adiposity assessment.
Results Seventeen patients (60% male; 29% nonalcoholic steatohepatitis/cryptogenic, 29% hepatitis C, 24% alcohol, 18% 
other) were randomized, 9 to HB-PAP group. There were no significant differences in MELD-sodium between HB-PAP 
and controls at baseline or after the 12-week intervention. By the end of study, there was a significant between-group dif-
ference in daily step count favoring the active group (2627 [992–4262], p = 0.001), with less sedentary patients in the active 
group (33–17% vs. 25–43%, p = 0.003). The 6MWT improved in the HB-PAP group (423 ± 26 m vs. 482 ± 35 m), while the 
controls had a nonsignificant drop (418 ± 26 m vs. 327 ± 74 m) with a significant between-group difference. CPET did not 
change. Other than an improvement in psoas muscle index, there were no differences in anthropometry, or in quality of life.
Conclusions HB-PAP maintained physical performance and improved aerobic fitness according to 6MWT but not CPET, 
supporting the use of personal activity trackers to monitor/guide home-based prehabilitation programs in cirrhosis.

Keywords Frailty · Sarcopenia · Prehabilitation · Exercise

Abbreviations
6MWT  Six-minute walk test
ALMI  Appendicular lean mass index
ACSM  American College of Sports Medicine
AT  Adipose tissue
BMI  Body mass index
CT  Computed tomography
CPET  Cardiopulmonary exercise testing
CSA50  Cross-sectional area at 50% of femur length

DXA  Dual-energy X-ray absorptiometry
HB-PAP  Home-based physical activity program
HR  Heart rate
IQR  Interquartile range
IMAT  Intramuscular adipose tissue
LE-LMI  Lower extremities lean mass index
LMI  Lean mass index
MELD  Model for end-stage liver disease
NASH  Nonalcoholic steatohepatitis
PMI  Psoas muscle index
RER  Respiratory exchange ratio
SBP  Systolic blood pressure
SD  Standard deviation
SIP  Sickness impact profile
SMI  Skeletal muscle index
TMI  Thigh muscle index
TMV  Thigh muscle volume
VAT  Anaerobic threshold
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group to have significantly higher physical activity based 
on daily steps compared to the control group. Improvement 
was also demonstrated in 6MWT performance at the end of 
the study with all but one patient having an increase above 
the minimal clinically relevant threshold of 20 m [14]. This 
is a remarkable achievement, particularly when consider-
ing that all our patients had decompensated cirrhosis. CPET 

performance did not change with our HB-PAP intervention, 
which was likely related to patients not reaching sufficient 
training intensity for such change, as it is expected in site-
based interventions [8, 15]. This is an inherent problem with 
home-based exercise where an exercise professional can-
not supervise exercise execution at the proper intensity and 
provide real-time feedback to achieve goals. Two interesting 

Fig. 2  Changes in daily step count and 6-minute walk test. The 
changes of daily steps per group are shown in 2A. There was an 
improvement in the active group and decline in the control group 
with a significant between-group difference. Individual patient 

changes in 6MWT (meters) in both groups are shown in 2B. When 
compared to controls, 6MWT in the active group improved with a 
significant between-group difference

Table 2  Changes in cardiopulmonary exercise testing at baseline and after 12 Weeks

HR heart rate, SBP systolic blood pressure, RER respiratory exchange ratio, peak VO2 maximal effort, VAT ventilator anaerobic threshold, VE/
VO2 ventilator efficiency

Exercise p Control p Difference between delta 
mean (95% CI)

p

Baseline Week 12 Baseline Week 12

Duration (min) 5 ± 1 6 ± 2 0.86 6 ± 2 6 ± 2 0.98 0.1 (− 2.1 to 2.0) 0.94
Power (W) 101 ± 28 96 ± 41 0.23 110 ± 30 96 ± 41 0.04 − 8 (− 33 to 18) 0.51
HR (bpm)
 Resting 78 ± 15 77 ± 14 0.78 77 ± 11 86 ± 10 0.05 10 (− 2 to 22) 0.10
 Maximum 113 ± 11 131 ± 27 0.08 129 ± 25 130 ± 33 0.92 17 (− 43 to 9) 0.17

SBP (mmHg)
 Resting 122 ± 20 120 ± 15 0.6 127 ± 14 129 ± 12 0.78 − 5 (− 30 to 21) 0.68
 Maximum 159 ± 22 162 ± 13 0.46 165 ± 26 160 ± 31 0.89 − 7 (− 40 to 26) 0.65

RER
 Resting 0.83 ± 0.9 0.89 ± 0.07 0.40 0.87 ± 0.10 0.90 ± 0.09 0.86 − 0.01 (− 0.11 to 0.88) 0.75
 Maximum 1.20 ± 0.14 1.18 ± 0.15 0.6 1.25 ± 0.13 1.22 ± 0.23 0.68 0.04 (− 0.23 to 0.33) 0.71

Peak  VO2 (mL/min) 1559 ± 543 1442 ± 596 0.11 1565 ± 549 1316 ± 767 0.12 − 131 (− 432 to 170) 0.35
Peak  VO2 (mL/kg/min) 18 ± 7 17 ± 6 0.42 18 ± 6 15 ± 7 0.08 − 1.46 (− 6.08 to 3.14) 0.49
Peak  VO2 (% predicted) 60 ± 21 53 ± 15 0.77 57 ± 23 48 ± 19 0.25 − 2 (− 25 to 21) 0.85
VE/VCO2 37 ± 10 36 ± 6 0.79 36 ± 11 38 ± 16 0.7 2.13 (− 7.36 to 11.63) 0.62
VAT (kg/mL/min) 1002 ± 261 945 ± 270 0.47 1068 ± 288 1054 ± 313 0.94 43 (− 378 to 464) 0.62
VAT (% predicted) 48 ± 5 51 ± 11 0.72 45 ± 6 47 ± 14 0.84 − 0.26 (− 29.89 to 29.36) 0.12

Domácí cvičení——>  účinná metoda ke zlepšení aerobní zdatnosti u pacientů s dekompenzovanou cirhózou 

Využití vzdáleného monitorování způsob jak si poskytovatelé zdravotní péče mohou sledovat fyzickou aktivitu.
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for liver transplantation [37] (Figure 1). Overall, the frequency of liver transplantation for
NAFLD is increasing steadily [38].
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Figure 1. Summary of the possible treatment effects of PA in overweight or obese individuals (partic-
ularly those with NASH cirrhosis). NAFLD: non-alcoholic fatty liver disease; NASH: nonalcoholic
steatohepatitis; GIP: glucose-dependent insulinotropic polypeptide; GLP-1: glucagon-like peptide-1.

The majority of patients with NAFLD engage in little PA and this lack has been linked
to an elevated risk of metabolic syndrome and NAFLD [39]. Recent guidelines recommend
regular PA in individuals with NAFLD [40,41]. NAFLD has also been linked to an elevated
risk of myocardial infarction and stroke, since it corresponds to the accumulation of ectopic
fat. Individuals with NAFLD are often overweight or obese and often have abnormal
blood pressure, glucose, and lipid values. A recent study of the cardiovascular risk in
NAFLD found that these associations did not persist after adjusting for conventional
risk factors [42]. However, there is considerable evidence to suggest that liver damage
(and particularly fibrosis) is associated with the severity or frequency of cardiovascular
risk factors [43,44]. A Swedish cohort (n = 10,422) with liver-biopsy-proven NAFLD
was monitored for a median of 13.6 years and compared with a matched control group
(n = 46,517). The researchers identified the major adverse cardiovascular events (ischemic
heart disease, stroke, congestive heart failure, or cardiovascular mortality), which were
correlated with the severity of liver fibrosis in this cohort [45].

A sedentary lifestyle and a lack of PA are associated with metabolic syndrome and
NAFLD [46]. Weight loss of 10% or more has been associated with an improvement in all
the histological characteristics of NAFLD [47]. Performance of moderate-to-high-intensity
PA for 90 to 150 min/wk was associated with a significant decrease in intrahepatic fat [48].
Personalized physical exercise (even when moderate, and regardless of whether it is aerobic
or resistance-based) improves peripheral and hepatic insulin sensitivity and is of major
benefit to patients with NAFLD [36]. It is important to bear in mind that cirrhotic patients
are often deficient in vitamin D. Supplementation (along with dietary guidance) might
therefore be beneficial [49].

The European Society of Cardiology’s 2021 guidelines recommend that adults perform
at least 150–300 min a week of moderate-intensity PA or 75–150 min of vigorous-intensity
PA, or an equivalent combination of the two. In sedentary individuals, a gradual increase
in the level of activity is recommended. When older adults or individuals with chronic
conditions cannot achieve 150 min of moderate-intensity PA a week, they should be as
active as their abilities and conditions allow [50–53]. PA reduces the risk of many adverse
health outcomes and risk factors in all ages and both sexes. There is an inverse relationship
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Abstract: In recent years, various physical exercise interventions have been developed with a view to
reducing comorbidity and morbidity rates among patients with chronic diseases. Regular physical
exercise has been shown to reduce hypertension and mortality in patients with type 2 diabetes.
Diabetes and obesity are often associated with the development of nonalcoholic fatty liver disease,
which can lead to liver fibrosis and then (in some cases) nonalcoholic steatohepatitis cirrhosis. We
searched the literature for publications on personalized physical exercise programs in cirrhotic
patients before and after liver transplantation. Eleven studies in cirrhotic patients and one study
in liver transplant recipients were included in the systematic review, the results of which were
reported in compliance with the preferred reporting items for systematic reviews and meta-analyses
guidelines. The personalized physical exercise programs lasted for 6 to 16 weeks. Our review
evidenced improvements in peak oxygen consumption and six-minute walk test performance and
a reduction in the hepatic venous pressure gradient. In cirrhotic patients, personalized physical
exercise programs improve quality of life, are not associated with adverse effects, and (for transplant
recipients) might reduce the 90-day hospital readmission rate. However, none of the literature data
evidenced reductions in the mortality rates before and after transplantation. Further prospective
studies are needed to evaluate the benefit of long-term physical exercise programs in cirrhotic patients
before and after liver transplantation.

Keywords: physical activity; NAFLD; NASH cirrhosis; liver transplant recipients; type 2 diabetes

1. Introduction
1.1. Sedentary Lifestyles and Physical Inactivity

Although the term “sedentary” has long been used to describe both physical inactivity
in general and time spent sitting in particular, it is important to distinguish clearly between
these two concepts. In fact, a person is considered to be active if he/she does more than
150 min of physical activity (PA) per week (wk). However, if that person sits for more than
seven hours a day, he or she is considered to be sedentary. Two factors must be considered
with regard to a sedentary lifestyle: the total time spent sitting and sitting for a prolonged
period. Sitting for more than seven hours a day and sitting for more than two hours in a
row have detrimental effects on health [1]. A sedentary lifestyle and physical inactivity
have an independent negative effect on health. Human metabolism is designed for PA and
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Transplantace jater eliminuje cirhózu NASH, nenapraví základní etiologické/související faktory: nadváhu, obezitu a diabetes. 
Naopak velmi častý je rozvoj metabolických abnormalit a metabolického syndromu po transplantaci jater pro cirhózu související s 
NASH nebo jiné typy cirhózy. Obezita jeden rok po transplantaci jater 24–64 % a prevalence metabolického syndromu 50–60 %.


Transplantace jater může zhoršit kardiovaskulární faktory, jako je diabetes, obezita, hyperlipidemie a zejména hypertenze (92 % příjemců)


32% = frekvence 
kardiovaskulárních 
příhod u příjemců

10% = úmrtí po 
transplantaci má 
kardiovaskulární 

příčinu
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.Third, we could not assess the reason behind changing physical ac-
tivity among the participants because this study was based on real-
world data. Therefore, further studies with different intervention
strategies for increase in physical activity for prevention of CVD are
warranted. Fourth, the generalizability of our findings is limited to
older Korean adults who were enrolled in the NHIS database, and
thus more evidence from multi-ethnic cohort studies is needed.

Conclusions

Among older adults, regardless of disabilities and chronic conditions,
increase in frequency of MVPA per week was associated with a signifi-
cant risk reduction of CVD among those who were physically in-
active. Our findings also suggest that decrease in frequency of MVPA
from being continuously physically active attenuates the cardiovascu-
lar health benefits of physical activity (Take home figure). Given the
dose-response nature of these associations, engaging in higher or
consistent physical activity may help older adults prevent future risk
for CVD events.
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Supplementary material is available at European Heart Journal online.
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Aims Little is known about the association of changes in moderate to vigorous physical activity (MVPA) level with cardio-
vascular disease (CVD), especially in older adults whose ability to engage in frequent MVPA naturally wanes as
they age. We aimed to examine the association of changes in MVPA and CVD in older adults.

...................................................................................................................................................................................................
Methods
and results

In a nationwide cohort study of older adults aged 60 years or older, we identified more than 1.1 million subjects
without previous history of CVD at baseline who underwent two consecutive national health screening from 2009
to 2012. We prospectively assessed the risk of CVD occurred between 2013 and 2016 according to changes in fre-
quency of MVPA by initial MVPA status. Compared to those who were continuously physically inactive, those who
increased their frequency of MVPA from physically inactive to 1–2 times per week [0.7/1000 person-years (PY) de-
crease in incidence rate (IR); adjusted hazard ratio (aHR) 0.95; 95% confidence interval (CI) 0.92–0.99], 3–4 times
per week (1.5/1000 PY decrease in IR; aHR 0.89; 95% CI 0.84–0.94), >_5 times per week (0.4/1000 PY decrease in
IR; aHR 0.91; 95% CI 0.85–0.97) had a significantly reduced risk for total CVD (P for trend <0.001). Older adults
who became physically inactive from engaging in more than 1–2 times of MVPA per week had a higher CVD risk
compared to those who maintained their frequency of MVPA.

...................................................................................................................................................................................................
Conclusion Among older adults, engaging in higher frequency of MVPA or maintaining MVPA level was associated with reduced

risk of CVD.
! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

Keywords Exercise • Health behaviour • Older adults • Cardiovascular diseases

Introduction

Insufficient physical activity is one of the easily modifiable risk factors
for cardiovascular events and mortality worldwide along with other
lifestyle-associated risk factors such as cigarette smoking and high so-
dium consumption.1,2 Preventive association of high frequency of
physical activity with cardiovascular disease (CVD) has been well
established through multiple cohort studies and meta-analyses.3–6

These studies suggest that high frequency of physical activity is in-
versely related to risk of CVD in a dose-response manner, but
whether changes in physical activity level is associated with CVD risk
remains unclear, especially in older adults whose frequency of
moderate-to-vigorous physical activity (MVPA) begins to decline as

they age.7 Based on the recent evidence on physical activity and car-
diovascular health, the sixth joint task force of the European Society of
Cardiology (ESC) and other societies on CVD prevention in clinical
practice and the US Department of Health and Human Services
released the 2016 European Guidelines on cardiovascular disease preven-
tion in clinical practice and Physical Activity Guidelines for Americans, 2nd
edition (PAG) in 2018, respectively.8,9 They provide evidence-based
guidelines for older adults that they should do multicomponent phys-
ical activity for substantial health benefits. Furthermore, the PAG sug-
gests that older adults with disabilities or chronic conditions should
follow the same recommendations.

The effect of changes in frequency of physical activity on CVD
among older adults remains uncertain. One study examined the

* Corresponding author. Tel: þ82 2 2072 3331, Fax: þ82 2 766 3276, Email: smpark.snuh@gmail.com
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between groups as determined by one-way ANOVA (F (2, 311) = 12.86, p < 0.0001). An LSD post
hoc test showed active smokers were significantly younger (53.0 ± 7.6) than ex-smokers (57.5 ± 6.7,
p < 0.0001) and nonsmokers (56.3 ± 7.5, p = 0.004). Likewise, the mean Model for End-stage Liver
Disease (MELD) score was 16.9 ± 6.5, with statistically significant di↵erences between groups (F (2, 311)
= 3.14, p = 0.044). The MELD score significantly lower for ex-smokers (15.8 ± 6.0) than for nonsmokers
(18.0 ± 7.2, p = 0.029), and active smokers (17.4 ± 6.5, p = 0.049). Younger age, Hepatitis C virus (HCV),
unstable family support, and concomitant substance abuse (cannabis and cocaine) were significantly
more frequent in patients who were active smokers (group 3) compared to the other groups (Table 1).

3.1. Smoking Status at LT and Outcomes

Kaplan–Meier survival curves are showed in Figure 2. A total of 75 (23.9%) transplanted
patients died during a median follow-up period of 10.8 years (5 patients died within the first 30 days,
the remaining with a follow-up of 2.5 months–13.0 years). The mortality of the entire cohort was
4.5%, 11.5%, 18.8%, and 23.2% at 1, 3, 5, and 10 years. The number of deaths were 14 (18.7%) among
nonsmokers, 23 (30.7%) among ex-smokers, and 38 (50.7%) among active smokers.J. Clin. Med. 2020, 9, x FOR PEER REVIEW 6 of 11 
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than the probability of active smokers 96.0%, 85.6%, 80.0%, and 70.4% (Figure 2.a). This difference 
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Figure 2. Impact of the smoking status before LT on patient survival. Kaplan–Meier. (a) Cumulative
survival probability of active smokers (group 3, red line) vs. nonsmokers + ex-smokers (groups 1 + 2,
blue line) before LT. (b) Cumulative survival probability of active smokers (group 3, red line) vs.
ex-smokers (group 2, blue line) before LT.

Patients who had never smoked or quit smoking before LT showed a greater survival probability
than active smokers. The survival probability of nonsmokers and ex-smokers was 95.2%, 91.5%, 85.2%
and 81.0% at 1, 3, 5, and 10 years follow-up, which was significantly higher (log-rank p = 0.033) than
the probability of active smokers 96.0%, 85.6%, 80.0%, and 70.4% (Figure 2a). This di↵erence began to
show up 1.5 years after the transplant.

This di↵erence remained significant (log-rank p = 0.019) even when comparing only ex-smokers
(96.2%, 93.8%, 86.9%, and 83.1% at 1, 3, 5, and 10 years) against active smokers before LT (Figure 2b),
showing up 1.3 years after the transplant.

A logistic regression analysis revealed that being an active smoker (OR 1.79, 95% CI: 1.06–3.03,
p = 0.03) was associated with a higher risk of mortality, with active smokers having a 79% higher risk
of dying than those who had never smoked or quit smoking before LT.

When censoring the Kaplan–Meier analyses at three years, these di↵erences remained (log-rank
p = 0.048 between active smokers and the rest of the sample and log-rank p = 0.015 between active
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Abstract: Tobacco use is more prevalent among alcohol liver disease (ALD) transplant patients and
exerts harmful e↵ects to the patient and to the graft. The aims of this study were to examine the impact
of smoking status (nonsmoker, ex-smoker, active smoker) on patient survival and clinical outcomes,
and to assess risk factors for active smoking before and after liver transplant (LT). An observational
retrospective cohort study with 314 ALD patients undergoing LT from January 2004 to April 2016.
Recipients were followed until April 2017 or death. Kaplan–Meier and Cox proportional hazards
regression analyses were used to assess risk of mortality according to smoking status before LT.
Smokers had a 79% higher risk of dying than those who had never smoked or quit smoking before LT.
Ex-smokers had a greater survival probability (96.2%, 93.8%, 86.9%, and 83.1% at 1, 3, 5, and 10 years
after LT) than active smokers until LT (96.0%, 85.6%, 80.0%, and 70.4%). Active smokers before LT
with poor toxicity awareness had more than a twofold higher risk of mortality (Cox HR = 2.20, 95% CI:
1.05–4.58, p = 0.04) than ex-smokers. Younger age (OR = 94), higher Model for End-Stage Liver Disease
(MELD) (OR = 1.06), and comorbid substance use disorder (OR = 2.35) were predictors of smoking
until LT. Six months or less of alcohol abstinence (OR = 3.23), and comorbid substance use disorder
(OR = 4.87) were predictors of active smoking after LT. Quitting smoking before transplantation
improved survival. Evidence based smoking cessation interventions should be o↵ered before and
after LT.

Keywords: smoking; alcohol use disorder; liver transplant; risk factors; survival

1. Introduction

Smoking is a major public health concern and a preventable cause of morbid-mortality, with more
than eight million deaths a year worldwide attributable to tobacco [1]. Tobacco use increases the risk of
post-surgical complications, such as impaired heart and lung functions. It a↵ects the immune system,
delaying or impairing wound healing and increasing the risk of infections. Quitting tobacco four
weeks before surgery is associated with less postoperative complications and each additional week of
abstinence improves health outcomes [2].

There is increasing evidence suggesting that smokers have higher risk of liver cirrhosis regardless
of alcohol use, and that alcohol and tobacco have a more hazardous and synergistic e↵ect when
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Physical Effects, Safety and Feasibility
of Prehabilitation in Patients Awaiting
Orthotopic Liver Transplantation, a
Systematic Review
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Prehabilitation improves surgical outcomes in patients undergoing surgery. However,
patients preparing for orthotopic liver transplantation (OLT) are physically “frail” and suffer
from comorbidities that generally hamper physical activity. This systematic review aims to
evaluate the physical effects, safety and feasibility of prehabilitation in OLT candidates.
Relevant articles were searched, in Embase, Web of Science, Cochrane, Medline and
Google Scholar, to December 2021. Studies reporting on specified preoperative exercise
programs, including adult OLT candidates with end-stage liver disease, with a model for
end-stage liver disease (MELD) score ≥12 or Child-Pugh classification B/C, were included.
This resulted in 563 potentially eligible studies, out of which eight were selected for inclusion,
consisting of 1,094 patients (male sex 68%; mean age 51–61 years; mean MELD score 12-
21). Six of the included studies were classified as low-quality by the GRADE system, and
three studies had high risk for ineffectiveness of the training program according to the
i-CONTENT tool. Significant improvement was observed in VO2 peak, 6-minute walking
distance, hand grip strength, liver frailty index and quality of life. Feasibility ranged from an
adherence of 38%–90% in unsupervised-to >94% in supervised programs. No serious
adverse events were reported. In conclusion, prehabilitation in patients awaiting OLT
appears to improve aerobic capacity, and seems feasible and safe. However, larger
clinical trials are required to accurately examine the preoperative and postoperative
effects of prehabilitation in this specific patient population.

Keywords: prehabilitation, orthotopic liver transplantation, physical exercise training, aerobic capacity, safety,
feasibility
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Physical Effects, Safety and Feasibility
of Prehabilitation in Patients Awaiting
Orthotopic Liver Transplantation, a
Systematic Review
Wesley D. Jetten1*†‡, Rianne N. M. Hogenbirk2†‡, Nico L. U. Van Meeteren1,3†,
Frans J. C. Cuperus4†, Joost M. Klaase2† and Renate De Jong1†

1Department of Anesthesiology, Erasmus University Medical Center, Erasmus University Rotterdam, Rotterdam, Netherlands,
2Department of Surgery, Division of Hepatopancreatobiliary Surgery and Liver Transplantation, University Medical Center
Groningen, University of Groningen, Groningen, Netherlands, 3Top Sector Life Sciences and Health (Health~Holland), The Hague,
Netherlands, 4Department of Gastroenterology and Hepatology, University Medical Center Groningen, University of Groningen,
Groningen, Netherlands

Prehabilitation improves surgical outcomes in patients undergoing surgery. However,
patients preparing for orthotopic liver transplantation (OLT) are physically “frail” and suffer
from comorbidities that generally hamper physical activity. This systematic review aims to
evaluate the physical effects, safety and feasibility of prehabilitation in OLT candidates.
Relevant articles were searched, in Embase, Web of Science, Cochrane, Medline and
Google Scholar, to December 2021. Studies reporting on specified preoperative exercise
programs, including adult OLT candidates with end-stage liver disease, with a model for
end-stage liver disease (MELD) score ≥12 or Child-Pugh classification B/C, were included.
This resulted in 563 potentially eligible studies, out of which eight were selected for inclusion,
consisting of 1,094 patients (male sex 68%; mean age 51–61 years; mean MELD score 12-
21). Six of the included studies were classified as low-quality by the GRADE system, and
three studies had high risk for ineffectiveness of the training program according to the
i-CONTENT tool. Significant improvement was observed in VO2 peak, 6-minute walking
distance, hand grip strength, liver frailty index and quality of life. Feasibility ranged from an
adherence of 38%–90% in unsupervised-to >94% in supervised programs. No serious
adverse events were reported. In conclusion, prehabilitation in patients awaiting OLT
appears to improve aerobic capacity, and seems feasible and safe. However, larger
clinical trials are required to accurately examine the preoperative and postoperative
effects of prehabilitation in this specific patient population.

Keywords: prehabilitation, orthotopic liver transplantation, physical exercise training, aerobic capacity, safety,
feasibility
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Systematický přehled - vyhodnocení účinku

rehabilitace fyzické kapacity a chirurgických výsledků u


pacientů aktivně čekajících na WL k OLTx.

VO2-max a skóre MELD jsou nezávislé prognostické faktory mortalita a délka 
hospitalizace během pre- a potransplantačního období 


——> bezpečné, proveditelné a potenciálně efektivní 

——> významné zlepšení v aerobního prahu nebo fyzické kapacity při cvičení střední až vysoké 
intenzity


——> zlepšení frailty a QoL u pacientů


——> významnou korelaci mezi přežitím a zlepšením skóre LFI  

——> významný medián rozdílu 17 dnů v délka pobytu v nemocnici mezi intervencí a kontrolou skupiny 


——-> dodržování programu 38–90 % (bez dozoru) a 94 % pod dohledem
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• Optimisation of concurrent disease/comorbidities e.g. 
anaemia, diabetes [7•]

Prehabilitation interventions can be delivered within a 
framework of Universal, Targeted or Specialist prehabilita-
tion interventions [3••].

How Should Prehabilitation Be Implemented 
for People with Cancer?

Patients should be screened and assessed for physical activ-
ity and physical fitness, nutritional state, use of alcohol and 
tobacco, comorbidities and psychological support [3••, 8, 
9, 10] in advance of interventions being commenced (Fig-
ure 2). Patients may have different degrees of risk for any 
given component of the intervention and therefore may 
require different levels of support for each element, within 
a framework of the Universal, Targeted or Specialist preha-
bilitation interventions.

When comparing the costs of delivering prehabilitation 
per patient in each country, the overall range is in the region 

of £300–400 per patient in the UK, +/− €1000–1200 in the 
Netherlands and $1500 in Canada. These costs support the 
screening, assessment and interventions which could be any 
combination of the following practitioners within the multi-
disciplinary team: anaesthesiogists, clinical psychologists, 
dietitians, exercise physiologists, fitness professionals, gas-
troenterologists, geriatricians, kinesiologists, nurses, occu-
pational therapists, oncologists, physicians, physiotherapists, 
support workers and surgeons.

Who Can Benefit from Prehabilitation in People 
with Cancer?

A comprehensive evidence review [11] identified that ben-
efits from prehabilitation interventions could be seen in peo-
ple with different tumour types, at different stages of disease, 
receiving different treatments and across different patient 
demographics.

There are many similarities in the approaches taken to 
prehabilitation across different countries. Specific insights 
and learning from each country are shared.

Figure  2  Screening, assessment and prescription of prehabilitation 
interventions. Patients referred to the prehabilitation programme are 
screened initially and if necessary, assessed to determine the degree 
of modifiable impairment(s) before initiation of multimodal interven-
tion. The prescription is individually based. Progression is evaluated 

regularly. 6MWD, 6-min Walking Distance; aPG-SGA, abridged 
Patient Generated Subjective Global Assessment; CO, carbon monox-
ide; CPET, Cardiopulmonary Exercise Testing; DASI, Duke Activity 
Score Index; HADS, Hospital Anxiety and Depression Scale; IBW, 
ideal body weight; MUST, Malnutrition Universal Screening Tool.

131Current Anesthesiology Reports (2022) 12:129–137
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Malnutrition, Frailty, and Sarcopenia in 
Patients With Cirrhosis: 2021 Practice 
Guidance by the American Association for 
the Study of Liver Diseases
Jennifer C. Lai ,1* Puneeta Tandon,2* William Bernal,3 Elliot B. Tapper ,4 Udeme Ekong ,5 Srinivasan Dasarathy,6   
and Elizabeth J. Carey7

Purpose and Scope of This 
Practice Guidance

This is the first American Association for the Study 
of Liver Diseases (AASLD) practice guidance on the 
management of malnutrition, frailty, and sarcopenia in 
patients with cirrhosis. This guidance represents the 
consensus of a panel of experts after a thorough review 
and vigorous debate of the literature published to date, 
incorporating clinical experience and common sense to 
fill in the gaps when appropriate. Our goal was to offer 
clinicians pragmatic recommendations that could be 
implemented immediately in clinical practice to target 
malnutrition, frailty, and sarcopenia in this population.

This AASLD guidance document differs from 
AASLD guidelines, which are supported by sys-
tematic reviews of the literature, formal rating of the 
quality of the evidence and strength of the recommen-
dations, and, if appropriate, meta- analysis of results 
using the Grading of Recommendations Assessment 
Development and Evaluation system. In contrast, this 

guidance was developed by consensus of an expert panel 
and provides guidance statements based on formal 
review and analysis of the literature on the topics, with 
oversight provided by the AASLD Practice Guidelines 
Committee at all stages of guidance development. The 
AASLD Practice Guidelines Committee chose to per-
form a guidance on this topic because a sufficient num-
ber of randomized controlled trials (RCTs) were not 
available to support the development of a guideline.

Definitions of Malnutrition, 
Frailty, and Sarcopenia 
and Their Relationship in 
Patients With Cirrhosis

Cirrhosis is a major predisposing condition for the 
development of malnutrition, frailty, and sarcopenia. 
Multiple, yet complementary, definitions of these con-
ditions exist in the published domain outside of the 

Abbreviations: AASLD, American Association for the Study of Liver Diseases; ADLs, activities of daily living; BCAA, branched- chain amino acid; BIA, 
bioelectrical impedance analysis; BMI, body mass index; DEXA, dual- energy X- ray absorptiometry; KPS, Karnofsky Performance Status; MAMC, midarm 
muscular circumference; MELD- Na, Model for End- Stage Liver Disease- Sodium; NPO, nil per os; RCT, randomized controlled trial; REE, resting energy 
expenditure; RFH- NPT, Royal Free Hospital Nutrition Prioritizing Tool; SMI, skeletal muscle index; TIPS, transjugular intrahepatic portosystemic shunt.
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Using this framework, we have developed a clini-
cal practice algorithm for screening, assessment, and 
management of malnutrition, frailty, and sarcopenia in 
patients with cirrhosis (Fig. 3). Key to this algorithm 
is the importance of reassessment of malnutrition risk, 
frailty, and sarcopenia— whether it be rescreening 
for the development or evaluating for worsening of 
these conditions. Although definitive intervals for 
reassessment have not been established in the liter-
ature, there are three points that have informed our 

recommendations for reassessment intervals. First, 
rates of frailty and sarcopenia increase with worsening 
liver disease severity, so patients with decompensated 
cirrhosis should be assessed more frequently than 
those with compensated cirrhosis. Second, clinical 
trials of interventions that target muscle dysfunction, 
such as testosterone,(67) nocturnal nutritional supple-
mentation,(181) or exercise,(79,80) evaluated outcomes 
at intervals no shorter than 8 weeks but as long as 
3, 6, and 12 months. Third, the recent International 

FIG. 3. Algorithm for screening, assessment, and management of malnutrition, frailty, and sarcopenia in patients with cirrhosis.

All patients
with cirrhosis

Screen for Malnutrition
&

Assess for frailty and/or sarcopenia
(see Diagnostic Toolbox)

Reassess for malnutrition, frailty, and/or sarcopenia
(see Diagnostic Toolbox)*

Both Normal Either is Abnormal

Educate patients & caregivers
about the association between
malnutrition/frailty/sarcopenia

and outcomes

Identify contributing factors
(see Diagnostic Toolbox)

Management strategies
(see Management Toolbox)

FIG. 2. The three levels of disease prevention and health promotion as applied to management of malnutrition, frailty, and sarcopenia in 
patients with cirrhosis.
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Management toolbox
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- Prevent development
- Delay onset

- Malnutrition screening
- Assessment of muscle dysfunction

- Educate patients and caregivers
- Encourage positive health behaviors
- Empower patients with specific
skills

- Early diagnosis
- Prompt initiation of treatment
- Slow progression

- Evaluate for etiologic risk factors
- Explore dietary preferences and
barriers to exercise

- Apply management toolbox
- Co-management with a registered
dietician and certified exercise
physiologist/physical therapist,
if available

- Rehabilitate
- Reverse

- Reassess for progression of
malnutrition, frailty, and/or sarcopenia
despite primary and secondary
preventative efforts

- Refer to a registered dietician, certified
exercise physiologist/physical therapist,
and/or health behavior specialist for
co-management
- Consider center-based rehabilitation,
intensive nutritional supplementation
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skeletal myopathy may be partially reversible with 
alcohol cessation.(188) Although the exact mecha-
nisms linking NAFLD with sarcopenia and sarco-
penic obesity are not well understood, the shared 

pathophysiologic processes of chronic inflammation 
and insulin resistance (that lead to both NAFLD 
and sarcopenia) suggest that interventions targeting 
NAFLD have the potential to prevent muscle loss.

FIG. 4. Diagnostic and management toolboxes with specific tools to facilitate diagnosis and management of malnutrition, frailty, and 
sarcopenia in patients with cirrhosis.

Management Toolbox

•   Management of disease etiology

•   Management of ascites

•   Management of hepatic encephalopathy

•   Calorie intake of at least 35 kcal/kg (non-obese)
•   Protein intake of 1.2 to 1.5 g/kg body weight/d
•   Micronutrient repletion
•   Frequent, small meals and minimize
    fasting (e.g. late evening snack)
•   Address barriers to intake (e.g. liberalize 
    sodium restrictions as needed)
•   Consult a registered dietitian

•   Testosterone replacement (men)

•   Refer to health behavior specialist

•   Diabetes control

•   Personalized activity prescription (guided by FITT): 
        •   Frequency – Aerobic (4-7 d/week); 
            Resistance (2-3 d/week)
        •   Intensity – Use the talk test (be short of breath but
            can still speak a full sentence); 3 sets of 10-15
            repetitions at a time
        •   Time – Start slow and build up 
             - Aerobic: 150 min per week
             - Resistance: ≥ 1 days per week 
        •   Type – aerobic, resistance, flexibility
            and balance

•   Consult a certified exercise physiologist or
    physical therapist

Liver specific Intake/Uptake Other systemsPhysical activity

Screen for Malnutrition
&

Assess for frailty
and/or sarcopenia

Clinician questions Physical exam findings Objective measures

•   Karnofsky Performance Scale
•   Clinical Frailty Scale
•   Activities of Daily Living
•   Pediatric populations
       •   Royal Free Hospital-Nutrition Prioritizing Tool
       •   Lansky play performance scale
       •   Fried-exhaustion, shrinkage, Pediatric Quality
           of Life Inventory

•   Muscle wasting – wasting at the temples,
    clavicle, shoulder, scapula/ribs, quadriceps, 
    interosseous muscle between the thumb and
    forefinger
•   Use of a walking aid
•   Inability to stand up from the chair independently 
    or getting off the exam table independently,
    slowness

•   CT scan L3 skeletal muscle index 
•   Liver frailty index
•   Handgrip strength
•   6 minute walk test
•   4 meter gait speed
•   Triceps skin-fold thickness (pediatrics)

Identify factors
contributing to malnutrition,

frailty, and sarcopenia

•   Hunger Vital Sign (abnormal if either or both are true)
        •   Within the past 12 months, we worried whether
            our food would run out before we got money 
            to buy more.
        •   Within the past 12 months, the food we bought
             just didn’t last and we didn’t have money
             to get more.

•   Physical inactivity
         •   In the past week, on how many days have you 
             done a total of 30 min or more of physical
             activity, which was enough to raise your 
             breathing rate?

•   Ascites
•   Hepatic encephalopathy
•   Poor dentition
•   Dysgeusia

•   MELD-Na

•   Child Pugh score

•   Testosterone level (men)

•   Data from patient’s fitness tracker
    (e.g., daily steps, average heart rate)

Diagnostic Toolbox
Select tools based on the clinical scenario

0 1 2 3 4 5 6 7
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skeletal myopathy may be partially reversible with 
alcohol cessation.(188) Although the exact mecha-
nisms linking NAFLD with sarcopenia and sarco-
penic obesity are not well understood, the shared 

pathophysiologic processes of chronic inflammation 
and insulin resistance (that lead to both NAFLD 
and sarcopenia) suggest that interventions targeting 
NAFLD have the potential to prevent muscle loss.

FIG. 4. Diagnostic and management toolboxes with specific tools to facilitate diagnosis and management of malnutrition, frailty, and 
sarcopenia in patients with cirrhosis.
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Otázky a výzkumné záměry: 
- impakt frailty na mortalitu po Tx  

- longitudinální vývoj změn frailty na outcome 
- vztah mezi progresí org. selhání a frailty

Pracovní skupina pro frailty v Tx  
(multioborová spolupráce):

projekty, navýšení financování 

implementace EBM měření, standard péče


intervence (sv.hmota, sv.funkce, aktivita, nutrice)

——> pre-rehabilitační programy


ne-fyzické aspekty frailty

(kognitivní, emocionální, sociální, environmentální)


nem.doporučení

národní guidelines


výzkum

2019 2023
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