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ASSESSMENT OF RESPIRATORY MUSCLE PERFORMANCE, FUNCTIONAL CAPACITY,
FATIGUE, AND QUALITY OF LIFE IN LIVER TRANSPLANT CANDIDATES

Avaliagdo da musculatura respiratoria, capacidade funcional, fadiga e qualidade de vida
em candidatos a transplante de figado

Cristina Aparecida Veloso-Guedes, llka de Fatima Santana Ferreira Boin, Sebastiao Araujo,
Luciana Castilho de Figueirédo, Stela Talazzo Rosalen, Ana Beatriz Sasseron

ABSTRACT

Purpose: This study aimed at assessment of respiratory muscle performance (RMP), functional capacity (FC), feeling
of fatigue, and quality of life (QOL) in liver transplant candidates and to correlate these variables with each other and
with the Model for End-Stage Liver Disease (MELD). Methods: A prospective study carried out from January/2008
to June/2009 including 130 liver transplant candidates on waiting—list at the Sao Paulo Health Transplant System,
followed at the Unit of Liver Transplantation - Unicamp with cirrhosis of any etiology, independent of gender, age, and
degree of liver function impairment as classified by the MELD score. Respiratory muscle performance was determined
by respiratory muscle strength (RMS - PIMAX and PEMAX), vital capacity (VC), and FC measured during six-minute
walk tests (6MWT). Fatigue was evaluated using the Fatigue Severity Scale (FSS), and QOL was assessed using the
SF-36 questionnaire. Results: Expressed as the mean £ SD and percentage of the predicted value: MELD=1614,
VC=4.0£0.9L - (97%=%%16%), PIMAX=77+28cmH20 -(71£25%), PEMAX=76+26cmH20 (76£26%), 6MWT=453.9+81.2m
(73+13%), FSS=34+£17, and compromised QOL, particularly in physical (48+41) and emotional (57+41) aspects, vitality
(58+26) and general state (58+24). Predicted VC was negatively correlated with MELD (p=0.0034) and positively
correlated with RMS and 6MWT (p=0.0217). Greater distances in the 6MWT were associated with a higher RMS and
QOL and less fatigue. Greater FSS scores resulted in lower QOL scores. Conclusion: A decrease in VC was related
to the severity of liver disease and a decrease in RMS and FC, which, in turn, correlated with greater fatigue and lower
QOL.

Keywords: Muscle Strength, Liver Transplantation, Fatigue, Quality of Life, Lung Volume Measurements

INTRODUCTION

Patients with cirrhosis often experience loss of muscle
Institution: mass and significant weakness related to the degree
. . , of organ function impairment."? In the terminal stage of
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University of Campinas (Unicamp) - Campinas - SP- Brazil liver failure, patients may be significantly restricted in
their daily activities, primarily due to fatigue.®-

Until the late 1990s, the Child-Turcotte Pugh (CTP)
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Several authors have used the CTP classification to
correlate the severity of liver disease with the decrease
in functional capacity &° and quality of life.®'> However,
few authors have demonstrated the relationship between
severity of liver disease and MELD.">"*?

Even though pulmonary volume and capacity are
not affected in transplant candidates, the respiratory
muscles are compromised,” and lower values of
maximum inspiratory pressure evaluated in wait-listed
candidates have been associated with shorter survival.’®

Alterations in the skeletal muscle of patients with
cirrhosis have been observed, though the degree of
impairment and its relation to liver function, degree of
fatigue, and quality of life have not been described.

Therefore, the aim of the present study was to assess
respiratory muscle performance, functional capacity,
feeling of fatigue, and quality of life in liver transplant
candidates and to correlate these variables with severity
and impairment of liver function (MELD).

MATERIAL AND METHODS

This project was approved by the Research Ethics
Committee of the School of Medical Sciences at
University of Campinas (REC-SMS-Unicamp) under
protocol no. 666/2007.

The study included liver transplant candidates wait-
listed in the Sdo Paulo Health Department’s Transplant
System and monitored at the Liver Transplant Unit at
Gastrocentro/Unicamp with cirrhosis of any etiology,
independent of gender, age, and degree of liver function
impairment as classified by the MELD score without
exception points.

During the data collection period (January 2008 to June
2009), patients who developed unmanageable ascites or
respiratory discomfort due to infections or were unable
to comprehend verbal commands were excluded from
the study.

Therefore, thefinal population consisted of 130 candidates
who met the inclusion criteria, which, according to
sample size calculation based on multivariate analysis of
the variables to be analyzed, is a large enough sample
size, as recommended by the Statistical Office at the
SMS-Unicamp.

A questionnaire was applied for identification and
medical history: age, gender, body mass index (BMI),
diagnosis of liver disease, associated complications,
medical history, habits (alcohol and smoking), and
pulmonary antecedents.

Respiratory muscle strength (RMS) was determined by
measuring the maximum inspiratory pressure (PIMAX)
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and maximum expiratory pressure (PEMAX) using a
digital manovacuometer (MVD 300/Globalmed, Porto
Alegre, Brazil), according to the technique and normality
equations proposed by Neder et al.'® The vital capacity
(VC)was evaluated using a digital ventilometer (Ventronic
II/DHD Healthcare, Wampsville, NY, USA), according
to the technique and reference equations proposed by
Pereira et al.'”

Functional capacity (FC) was evaluated by a six-minute
walk test (6MWT) in a 20-meter long corridor. To
normalize the data, values were corrected for weight,
height, and gender according to Enright and Sherrill’s
equations.'®

The presence of fatigue was monitored using the fatigue
severity scale (FSS), which consists of scores from 9 to
63 in which values = to 28 were considered to indicate
fatigue. A number between one (“strongly disagree”) and
seven (“strongly agree”) was assigned to each statement
based on the patient’s response.'

To assess quality of life (QOL), a generic MOS SF-36
questionnaire (medical outcomes study 36 item short-
form health survey)?-?2 was used. The questionnaire
consisted of 36 items grouped into 8 domains: functional
capacity, physical aspects, pain, general health status,
vitality, social aspects, emotional aspects, and mental
health. A score was obtained for each patient and each
domain by applying a scale with values between zero
(high impairment) and 100 (no impairment).

Chi-square and Fisher’s exact tests (for expected values
below 5) were used to compare categorical variables
between groups, and, because the variables did not show
a normal distribution, the Mann-Whitney test was used
to compare numerical variables. Spearman’s correlation
coefficient was used to analyze the relationship between
numerical variables. A 5% level of significance was
adopted in this study (p < 0.05).

RESULTS

One hundred and thirty liver transplant candidates were
included in this study. Of these patients, 104 were men,
and 26 were women, with an average age of 49.3 %
10.1 years (74% in the age range of 40 to 59 years) and
average BMI of 27.4 + 4.4 kg/m2.

Half the candidates (54.4%) had a diagnosis of viral
hepatitis C (VHC), associated or not to alcoholism, and
alcohol consumption was the sole cause for cirrhosis in
23% of candidates. The remaining candidates had less
common causes of cirrhosis.

Regarding the complications associated with liver
disease, 77.7% of candidates presented esophageal
varices with or without gastrointestinal bleeding. Ascites
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was reported in 64.6% of cases; encephalopathy or
neuropathy was reported in 44.6%, bacterial peritonitis
in 10%, umbilical or inguinal hernia in 9.2%, and
hepatocellular carcinoma in 6.9% of cases.

Other prevalent medical conditions included systemic arterial
hypertension (SAH — 23.1% of cases) and diabetes (20.8%).

In the medical history questionnaire, 61.5% of candidates
reported having consumed alcohol; 48.5% reported
previous smoking, and 14.6% smoked at the time of the
survey. Respiratory symptoms were present in 19.2% of
cases. Acute or chronic coughing was reported in 10%
of candidates, with a history of expectoration in 15.4%.
Shortness of breath at some point after the disease,
which was usually associated with ascites, was reported
by 47% of candidates.

The mean value of the MELD score was of 16.4 £ 3.7 (7-
26) and the resting clinical variables were within normal
mean value ranges (Table 1).

Both PIMAX and PEMAX were below the predicted
values. The vital capacity was normal according and in
the 6MWT the mean distance covered was below the
predicted value. (Table 1).

Table 1: Descriptive analysis of MELD score, clinical variables, respiratory
muscle performance, functional capacity, fatigue, and quality of life

Variables n Mean + SD % of predicted
value

MELD 130 16.4+3.9
Resting Rr (ipm) 130 15.3+34
Resting HR (bpm) 130 69.6+14.3
Resting MAP (mmHg) 121 86.8+10.3
Resting Sp02 (%) 130 971%1.9
Vital Capacity (L) 129 4.05+0.91 97.4+15.8
PIMAX (cmH20) 130 77.0%28.5 70.7+25.5
PEMAX (cmH20) 130 75.6+26.0 64.7+20.4
Distance covered on the 121 453.9+81.2 73.0£13.5
6MWT(m)
Fatigue Score 130 34.0+171
Quality of Life

Functional Capacity 130 61.7+254

Physical Aspects 125 47.6+41.1

Pain 125 66.8 £26.7

General State 130 579 +244

Vitality 129 57.8 +25.6

Social Aspects 130 67.6 £ 25.9

Emotional Aspects 124 57.0 £ 40.9

Mental Health 129 64.5+25.3

n = number of subjects; SD = standard deviation; MELD = Model for End-
Stage Liver Disease; Rr = respiratory rate; HR = heart rate; MAP = mean
arterial pressure; SpO2 = peripheral oxygen saturation; PIMAX = maximum
inspiratory pressure; PEMAX = maximum expiratory pressure; 6MWT - six-
minute walk test

Scores evaluated by the FSS revealed fatigue in these
candidates, and the assessment of QOL showed
impairment in eight domains of the SF-36 (Table 1).

A significant difference was observed between the
ranges of MELD scores relative to the incidence of
alcoholism (p = 0.004), showing a higher frequency of
alcoholism in candidates with MELD scores < 16 (73.8%
x 49.2%).

Patients with MELD scores < 16 had a higher frequency
of chronic coughing (13.9% x 6.1%) whereas those with
MELD scores > 16 presented more acute coughing
(27.7% x 10.8%, p = 0.028). Higher VC values were
observed in candidates with MELD scores < 16 (100
15.4% x 95 + 15.9%).

The percentage of the predicted distance covered in
the 6MWT showed a positive correlation with age, BMI,
MAP, predicted VC, and RMS. (Table 2)

A negative correlation was observed between fatigue
and the distance covered in the 6MWT. (Table 2)

Among the eight domains assessed by the SF-36
questionnaire, six were positively correlated with the
percentage of the predicted distance covered in the
6MWT (Table 2).

Table 2: Correlation analysis of the studied variables and the percentage of
the predicted distance covered in the 6MWT

Variables n r P
Age 121 0.2863 0.0015
BMI 121 0.2294 0.0114
MAP 121 0.1990 0.0286
Respiratory performance
Predicted vital capacity 120 0.2094 0.0217
PIMAX 121 0.2342 0.0097
Predicted PIMAX 121 0.3495 <0.0001
PEMAX 121 0.2336 0.0099
Predicted PEMAX 121 0.3782 <0.0001
Fatigue score 121 -0.2051 0.0240
Quality of life
Functional Capacity 121 0.3188 0.0004
Physical Aspects 116 0.2870 0.0018
General State 121 0.2414 0.0076
Vitality 121 0.1907 0.0362
Social Aspects 121 0.2599 0.0040
Emotional Aspects 115 0.2284 0.0141

n = number of subjects;

r = Spearman’s correlation coefficient;

p = p-value; BMI = body mass index;

MAP = mean arterial pressure; PIMAX = maximum inspiratory pressure;
PEMAX = maximum expiratory pressure.

The table shows only variables with statistically significant correlations.

JBT J Bras Transpl. 2016;19(4):1-155
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Predicted VC was the only variable that correlated with
the MELD score. This was a negative correlation.(Table 3)

Table 3: Correlation analysis of the studied variables with the percentage
of predicted vital capacity

Variables n r p
MELD 129 -0.2558 0.0034
PIMAX 129 0.2999 0.0006
Predicted PIMAX 129 0.2983 0.0006
PEMAX 129 0.2200 0.0122
Predicted PEMAX 129 0.2140 0.0149
6MWT 120 0.2062 0.0238
Predicted 6MWT 120 0.2094 0.0217

n = number of subjects; r = Spearman’s correlation coefficient; p = p-value;
MELD = Model for End-Stage Liver Disease; PIMAX = maximum
inspiratory pressure; PEMAX = maximum expiratory pressure; 6MWT =
6-minute walk test.

Variables that assessed RMS showed a positive
correlation with predicted VC. A positive correlation was
also observed for both absolute and predicted values of
distance covered in the 6MWT (Table 3).

Fatigue scores showed a negative correlation with
the SF-36 domains. The greater the feeling of fatigue
reported, the greater the impairment of QOL in all
aspects (Table 4).

Table 4: Correlation analysis of the fatigue score variables

Variables n r p
Predicted 6MWT 121 -0.2051 0.0240

Quality of Life

Functional Capacity 130 -0.6675 <0.0001
Physical Aspects 125 -0.5789 <0.0001
Pain 125 -0.4165 <0.0001
General State 130 -0.5576 <0.0001
Vitality 129 -0.6923 <0.0001
Social Aspects 130 -0.4991 <0.0001
Emotional Aspects 124 -0.5130 <0.0001
Mental Health 129 -0.5573 <0.0001

n = number of subjects; r = Spearman’s correlation coefficient;
p =p-value; 6MWT = 6-minute walk test.

The table shows only variables that had statistically significant
correlations

DISCUSSION

The implementation of rehabilitation programs at the
unit of transplantation can lead to better post transplant
results or reduce the patients morbidities on waiting
list. The majority of transplant candidates in the present
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study were male and over 40 years-old, and the main
causes of cirrhosis were hepatitis B or C, associated
or not with the consumption of alcohol. These findings
are consistent with other national 452" and international
Studies_10,12,22—25

The results showed a high incidence of complications
of cirrhosis. The high incidence of complications while
waiting for a transplant represents greater impairment
in liver function and a worsening of FC,®* QOL," and
fatigue.26-28

Alcohol and tobacco abuse were frequent in the studied
population. Almost half the candidates reported dyspnea
after the disease was diagnosed, which was most often
associated with ascites, which leads to dyspnea by
altering the respiratory mechanics and compromising
gas exchange.?2°

The MELD scores demonstrated a significant degree
of impairment in liver function.®® However, the clinical
variables were normal, indicating a stable population
from a clinical point of view on the day of assessment.

In the present study, despite the impairment of RMS, VC
did not change in relation to the predicted values.

Various studies have reported that impairment of
pulmonary volume and capacity are not present in the
majority of liver transplant candidates, even when a loss
in preoperative RMS is observed.'?14.2°

It has been demonstrated that a decrease in VC is
observed when there is a significant reduction of RMS
(higher than 50%),2°%° which probably explains the
absence of significant changes in VC in the present
study.

Carvalho et al.”® correlated RMS and mortality in wait-
listed liver transplant candidates and showed that the
RMS were decreased; however, only PIMAX showed a
relationship with mortality, suggesting that RMS can be
used as a predictor of severity.

We are suggesting that RMS and VC should be assessed
periodically for early diagnosis and preoperative therapy.

Functional capacity was also shown to be impaired, with
a loss of approximately 30% compared to the predicted
distance covered by normal individuals."®

In other studies, the distance covered in the 6MWT by
patients with cirrhosis was significantly smaller than that
of normal individuals.®2324

In addition to evaluating physical performance, the
distance covered in a 6MWT may also serve as a
prognostic indicator for patients with liver disease.'® A
recent study has demonstrated that distances less than
250 meters covered in a 6MWT are associated with
significantly increased risk of death on wait lists and
after liver transplant.®°
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The average FSS score showed a significant degree
of fatigue and the assessment of QOL by the SF-
36 questionnaire showed impairment in all domains,
especially physical, emotional, vitality and general state,
in the studied population.

Fatigue can be severe in patients with chronic liver
disease. Although its pathophysiology is still unknown,
it could be of central origin, resulting from changes in
the serotonin neurotransmitter system, rather than
peripheral, given that it is not always associated with
muscle weakness.3'-34

For many years, the success in organ transplantation
had been measured by mortality rates, complications
in biliary anastomoses, and infections. Recently, the
concern has been focused on improving the QOL in
these patients.3%43

Several authors have reported an important loss in QOL
in transplant candidates using both the generic SF-36
questionnaire®'33233 and questionnaires specific for liver
disease.'014:44.45

Recent studies have shown that the MELD score is not
a good predictor of QOL because it does not take into
account the presence of ascites or encephalopathy.®12%
According to Freeman,®® the MELD score was developed
to measure the risk of mortality in chronic liver disease,
but notto measure QOL. The author, therefore, suggested
that these two tools are complementary in assessing the
general condition of the candidates.3%4°

In the present study, the correlation analysis between
the variables and the & and RMP. Fatigue scores were
negatively correlated with the 6MWT and with all the
domains evaluated in the SF-36 questionnaire, indicating
that the greater the feeling of fatigue, the greater the
impairment in QOL and the worse the FC, as evaluated
by the 6MWT.

According to Dharancy et al,'? cardiorespiratory aptitude
seemed to be affected by the severity of liver insufficiency
(MELD = 15.2), age (= 52 years), gender (women),
hemoglobin level (< 11.3 g/dL), and tobacco abuse.

Teuber et al.? found a significant association between the
physical aspects assessed by the SF-36 questionnaire
and fatigue and the degree of fibrosis in patients with
chronic VHC infections.

Wiesinger et al.® demonstrated that the consumption of
oxygen in patients with advanced stages of liver disease
was significantly smaller than the predicted values for
the normal population, which limits FC in these patients
during everyday life activities and is perceived as a
feeling of fatigue and inability to perform tasks easily
accomplished before the disease, as confirmed by the
SF-36 questionnaire.®

A correlation between fatigue and QOL has been
observed in other studies.*?>4° However, some studies
showed no correlation between fatigue and the degree
of liver impairment but rather with depression and the
mental aspects of the questionnaire.?'4? This correlation
was also observed in the present study because fatigue
was associated with lower scores in all domains of the
SF-36 questionnaire.

A study "*found thatlow scores for physical components of
the SF-36 questionnaire were associated with increased
mortality in liver transplant candidates and suggested
that the perception of the physical components are
important determinants for the survival of the candidates,
in addition to the severity of liver disease, and can be
complementary to the MELD score.

According to Beyer et al.,2® low aerobic capacity is
associated with increased mortality after transplantation.
Oxygen consumption is severely affected in transplant
candidates and is associated with a decrease in survival,
longer hospitalization, and greater postoperative need
for oxygen, suggesting that respiratory rehabilitation
programs should be implemented in the preoperative
period.” Similar results were observed by other authors.*®

Physical activity has been shown to significantly improve
QOL in transplant patients.?542 Identifying transplant
candidates with low scores on physical aspects and
promoting therapeutic interventions may prolong or
improve their lives. Therefore, determining whether
interventions are feasible for this population is an
important area of study.

One of the limitations of this study was the performance
of the 6BMWT in a 20-meter long corridor. The American
Thoracic Society (ATS)*? advocates the use of at least a
30-meter long track, emphasizing that smaller corridors
make patients change directions more often, thus losing
time and covering shorter distances, altering the test
results.**-45 However, the results obtained from a pilot study
conducted with 10 patients showed no significant difference
between the mean distances covered by patients in a
20-meter long corridor and a 30-meter long corridor.*3

CONCLUSION

Lung volume measurements, the feeling of fatigue, and
QOL were impaired in liver transplant candidates, below
the predicted values for normal individuals. However,
there was no correlation with the severity of liver disease
evaluated by the MELD score.

A decrease in VC was related to the severity of liver
disease and a decrease in RMS and FC, which, in turn,
correlated with greater fatigue and lower QOL.

JBT J Bras Transpl. 2016;19(4):1-155
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RESUMO

Objetivo: Avaliar o desempenho muscular respiratério (PGR), capacidade funcional (FC), sensacdo de fadiga e
qualidade de vida (QV) em candidatos a transplante hepatico e correlacionar essas variaveis entre si e com o modelo
para a doenca hepatica em fase final. Métodos: Trata-se de estudo prospectivo, realizado entre janeiro/2008 e
junho/2009, incluindo 130 candidatos a transplante hepatico na lista de espera no Sistema Estadual de Transplante
do Estado de Sao Paulo, acompanhados na Unidade de Transplante Hepatico da UNICAMP, portadores de cirrose
de qualquer etiologia, independente de sexo, idade e grau de comprometimento da fungao hepatica classificada pelo
escore MELD. O desempenho muscular respiratdrio foi determinado pela forca muscular respiratéria (FMR-PIMAX e
PEMAX), capacidade vital (CV) e capacidade funcional (CF) foram medidos durante os testes de caminhada de seis
minutos (TC6). A fadiga foi avaliada por meio da escala de gravidade da fadiga (FSS), e a Qualidade de vida (QV) foi
avaliada pelo questionario SF-36. Resultados: MELD = 16(14; CV = 4,0(10,9L- (97%(16%), PIMAX = 77(128cmH20 -
(710025%), PEMAX =761126cmH20 - (76(126%), 6MWT =453,9(181.2 m - (731113%), FSS = 341117 e QV comprometida,
particularmente em fisica (481141) e emocional (571141) aspectos, vitalidade (581126) e estado geral (58[(124). A VC
predita correlacionou-se negativamente com o MELD (p = 0.0034) e correlacionou-se positivamente com o FMR e o
TC6 (p = 0.0217). Maiores distadncias no TC6 foram associadas a maior FMR, QV e menor fadiga. Maiores escores
de FSS resultaram em menores escores de QV. Conclusao: A diminuicdo da CV esteve relacionada a gravidade da
doenca hepatica e ao comprometimento pulmonar e correlacionou-se com maior fadiga e menor QV.

Descritores: Impacto Psicossocial; Transplante de Figado; Psicologia.
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