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and a longer preoperative cold ischemia time were associ-
ated with PRCs. The logistic regression analysis showed that 
PRCs were less likely to occur when preoperative walking 
distances were longer: the odds ratio (95% CI) was reduced 
to 0.589 (0.357–0.971) for each 50 m walked ( p  = 0.03). Like-
wise, PRCs were more likely to occur in patients with longer 
preoperative cold ischemia times: the odds ratio (95% CI) in-
creased to 1.008 (1.002–1.015) for each minute ( p  = 0.01). 
 Conclusion:  The incidence of PRCs is high in LT patients. A 
prolonged cold ischemia time and preoperative 6MWT re-
sults were independent predictors of PRCs in this patient 
population.  © 2017 S. Karger AG, Basel 

 Introduction 

 Liver transplantation (LT) is currently an important 
treatment for chronic end-stage liver disease (ESLD). 
Postoperative respiratory complications (PRCs) contrib-
ute to LT-related morbidity and mortality, both in the 
acute and long-term postoperative stage  [1] . Major PRCs 
include pneumonia, moderate/severe pleural effusion, 
acute respiratory failure (ARF), and atelectasis  [1–5] .
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 Abstract 

  Background:  Postoperative respiratory complications 
(PRCs) are common after liver transplantation (LT) and con-
tribute significantly to the related morbidity and mortality. 
 Objective:  The aim of this paper was to determine the inci-
dence of PRCs after LT and the value of simple exercise ca-
pacity measures as independent predictors of PRCs.  Meth-

ods:  We conducted a prospective cohort study of consecu-
tive adults submitted to LT at a University Hospital in 
Fortaleza Brazil from March 2013 to March 2015. At baseline, 
exercise capacity was assessed with the 6-minute walk test 
(6MWT) and the 6-minute step test (6MST), lung function 
was tested by spirometry, and respiratory muscle strength 
was measured by maximal respiratory pressure. Additional 
relevant pre- and intraoperative data were collected through 
interview and chart review, and their association with the 
incidence of PRCs was evaluated.  Results:  The study includ-
ed 100 subjects, 44% of whom presented at least 1 of the 
PRCs. In the univariate analysis, poor 6MST and 6MWT results 
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  Routine preoperative evaluation of LT candidates is 
directed at specific organ systems and generally includes 
pulmonary function tests. However, as ESLD patients 
usually suffer from fatigue, muscle wasting, malnutrition, 
and weakness, it is difficult to obtain an objective assess-
ment of overall fitness. In a study on 47 LT candidates, 
Mancuzo et al.  [6]  found an independent association be-
tween aerobic capacity (peak VO 2 ) and time of hospital-
ization, matching the findings of Bernal et al.  [7] .

  The 6-minute walk test (6MWT) and the 6-minute 
step test (6MST) are simple low-cost tests to measure ex-
ercise capacity, but their usefulness in the assessment of 
ESLD patients has not been sufficiently evaluated. It has 
been previously reported that patients with cirrhosis have 
significantly poorer 6MWT results than individuals with 
stable chronic viral hepatitis and healthy volunteers  [8] . 
In a study of patients on the waiting list for LT, a 6MWT 
result of <250 m was a risk factor for mortality before LT 
 [9] . The 6MST has been used to assess exercise capacity 
in patients with chronic obstructive lung disease and in-
terstitial lung disease, but, to the best of our knowledge, 
has not been previously evaluated in ESLD subjects  [10, 
11] .

  Previously, Paisani et al.  [12]  reported that the 6MWT 
is not a useful tool to identify subjects at an increased risk 
of developing PRC following upper abdominal surgery. 
However, there is considerable evidence suggesting that 
patients with poor exercise test results are at an increased 
risk for PRCs after major surgery  [13–15] , probably due 
to the ability of exercise testing to determine the subject’s 
physiological ability to cope with the demands placed on 
the cardiorespiratory system following the surgical pro-
cedure  [16] . A major feature of 6 MWT is the identifica-
tion of oxyhemoglobin desaturation associated with pul-
monary disease, which may not be apparent when the 
subject is assessed in the resting state. Oxygen saturation 
deficit may be part of the pathophysiologic basis of PRCs 
 [1] .

  In order to test the original hypothesis that the 6MST 
and 6MWT, 2 simple measures of functional exercise ca-
pacity, could be independent predictive factors for PRCs 
after LT, we carried out a prospective study in a cohort of 
ESLD patients.

  Patients and Methods 

 This was a prospective study of a cohort of adults submitted to 
orthotopic LT at a University Hospital in Brazil between March 
2013 and March 2015. At first, 110 patients were included, but 10 
patients declined to perform the tests or had neurological (hepatic 

encephalopathy), vascular, or musculoskeletal conditions limiting 
their ability to walk and were therefore excluded. All subjects list-
ed for LT, with priority for graft allocation, who attended the out-
patient LT clinic, were submitted to a preoperative evaluation, in-
cluding clinical history, physical examination, spirometry, mea-
surement of respiratory muscle strength, 6MWT, and 6MST. As 
the tests were performed concomitantly, on average 7 days before 
surgery, they were indeed very up-to-date. Cases with ascites lead-
ing to significant functional capacity impairment were routinely 
drained, and tests were carried out afterwards. After LT, the pa-
tients were transferred to an intensive care unit (ICU). Ventilatory 
strategy included a tidal volume of 6 mL/kg of the ideal body 
weight. As mechanical ventilation with high positive end-expira-
tory pressure has been reported to impair liver outflow  [17] , we 
started with 5 cm H 2  O  and adjusted from 5 to 10 cm H 2  O  according 
to patient conditions. All patients were followed and received stan-
dard respiratory therapy sessions daily until hospital discharge. 
The length of stay was counted until discharge from hospital or 
death in the postoperative period. The study protocol was ap-
proved by the institutional research ethics committee (filed under 
entry #052.07.12), and all participants gave their informed written 
consent.

  Primary Outcome 
 The primary outcome was the development of 1 or more of the 

following major PRCs  [18–20] .
   Pneumonia.  Presence of new pulmonary infiltration on a chest 

X-ray associated with at least 2 of the following signs: purulent tra-
cheobronchial secretion, elevation of body temperature (>38.0   °   C), 
and increase of leukocytes in circulation (>11,000/μL).

   Atelectasis.  Evidence of pulmonary atelectasis on a chest X-ray 
with lung opacification and a shift of the mediastinum, hilum, or 
hemidiaphragm towards the affected area with compensatory 
overinflation in the adjacent nonatelectatic lung and requiring 
chest physiotherapy and/or bronchoscopy.

   Acute Respiratory Failure.  Patients presenting Pa O  2 /Fi O  2  <300 
mm Hg requiring invasive or noninvasive mechanical ventilator 
support for more than 48 h, or reintubation.

  Data Collection 
 Preoperative information was collected covering demographic 

data, history of health conditions (systemic arterial hypertension, 
diabetes mellitus, heart disease, liver disease, or pulmonary dis-
ease), the Child-Pugh score, and the MELD (model for end-stage 
liver disease) score. The intraoperative measurements included the 
volume (units) of blood components transfused, warm ischemia 
time, cold ischemia time (CIT), and the duration of surgery. Fol-
lowing LT, all patients were monitored until discharge, and PRCs 
were recorded.

  Respiratory Function and Respiratory Muscle Strength 
 Spirometry was conducted using an electronic spirometer 

Vmax (Palm Springs, CA, USA) in accordance with the guidelines 
of the American Thoracic Society/European Respiratory Society 
(ATS/ERS)  [21] . The following parameters were analyzed: forced 
expiratory volume in the first second (FEV1), forced vital capacity, 
maximal inspiratory pressure, and maximal expiratory pressure at 
the mouth  [22] . 
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  Exercise Capacity 
 Exercise capacity was evaluated with 2 standardized tests, 6MWT 

and 6MST, performed under the direct supervision of 1 of the inves-
tigators. 6MWT measures how far a patient can walk on a flat surface 
within 6 min  [23] . The test was completed in an enclosed corridor 
on a flat course 30 m in length. The subjects were asked to walk as 
fast as possible from one end of the corridor to the other, as many 
times as possible within the established time. The distance the pa-
tients walked during the 6-min period was registered.

  6MST is a self-paced test using a step 20 cm high with a non-
slip rubber surface. The subjects were instructed to climb the step 
as many times as possible during 6 minutes. The more steps com-
pleted, the higher the exercise capacity  [24] .

  Statistical Analysis 
 The descriptive analysis, with determination of frequencies and 

the Shapiro-Wilk W test with distribution plots were used to ver-
ify the normality of the distribution. Data that did not meet the 
assumption of normality were expressed as median values and per-
centiles, and the groups were compared with the Mann-Whitney 
U test. Normally distributed data were analyzed with the Student 
 t  test. For categorical variables, the Pearson χ 2  test or Fisher exact 
test was used, as appropriate. The significance of the risk factors 
for PRCs was determined by univariate analysis. The variables with 
a  p  value <0.05 at the univariate analysis were used as independent 
variables in a logistic regression analysis in which the dependent 
variable was PRCs. A backward stepwise elimination algorithm 
was used ( p  = 0.05) for the predictors remaining in the final mod-
el. All analyses were performed with the software SPSS v. 17.0 
(SPSS Inc., Chicago, IL, USA).

  Results 

 Of the 100 patients enrolled in the study, 98% received 
grafts from deceased donors, and 2% received domino 
grafts. All patients were submitted to piggyback anasto-
mosis. The cohort was predominantly male (65%). The 
median age was 54.5 years (interquartile range [IQ]: 43.2–
61). Viral hepatitis was the most common cause of chron-
ic hepatic failure leading to LT (69%), but 25 patients pre-
sented viral hepatitis and concomitant alcoholic liver dis-
ease. The mean 6MWT and 6MST values were 348 ± 
74.34 m and 70 ± 21.8 steps, respectively ( Table 1 ). The 
ICU stay lasted from 1 to 32 days (median 2 days), and 
the total hospital stay from 4 to 45 days (median 10 days). 
Eighty-four patients were extubated within 24 h, and 
bronchial toilet was always performed before extubation. 
In the remaining 16 patients, the median intubation time 
was 6 days (IQ: 2.5–10.5) and the main reason was pul-
monary infection (87%). Forty-two patients needed blood 
transfusion, and the median volume was 5 units (IQ: 
3–10). Antibiotic prophylaxis was routinely performed 
with aminopenicillin plus beta-lactamase inhibitor and 
co-trimoxazole.

  Among the 100 liver transplant recipients, 44 were di-
agnosed as having at least 1 PRC ( Table 2 ). The most fre-
quent complication was pneumonia, which occurred in 
the first week. Identification of organisms was possible 
among 24 patients: Gram-negative bacilli (15), gram-pos-

 Table 1.  Preoperative characteristics of liver transplant recipients 
(N = 100)

Gender
Male 65 

Age, years 54.5 [43.2 to 61]
Cause of liver disease

Viral liver disease 69 
Cryptogenic cirrhotic 11
Autoimmune hepatitis 6 
Primary sclerosing cholangitis 1
HCC 6
Alcohol 6
Budd-Chiari syndrome 1

MELD 20 [20 to 22]
Child-Pugh B and C classification 80
Pack years of smoking 9.5 [2.75 to 23]
Hepatopulmonary syndrome 2
Ascites, % 58
Respiratory symptoms 52

Sputum production 15
Chronic cough 33
Dyspnea 37
Wheezing 5

Pulmonary disease 29
Controlled asthma 10
Bronchiectasis 9
Interstitial lung disease 4
COPD 6

Hemoglobin level 11.6 ± 2.2
Comorbidities 39

Arterial hypertension 20
Heart disease 7
Diabetes mellitus 30

FEV1% 89 [77 to 99.5]
FVC% 89.7 [78 to 99.5]
FEV1%/FVC 82 [77.6 to 86]
MIP, cm H2O –66 ± 23.8
MEP, cm H2O 79 ± 26.6
6MWT, m 348 ± 74.3
6MST, steps 70 ± 21.8

 Values are presented as numbers, median [interquartile range], 
or mean ± standard deviation unless otherwise stated. MELD, 
model for end-stage liver disease; COPD, chronic obstructive 
pulmonary disease; FEV1, forced expiratory volume at the 
first second; FVC, forced vital capacity; 6MWT, 6-minute walk 
test; 6MST, 6-minute step test; MIP, maximal inspiratory pres-
sure; MEP, maximal expiratory pressure; HCC, hepatocellular 
carcinoma.
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itive bacilli (6), and fungi (3). The 30-day postoperative 
mortality was 20%, with sepsis as the main cause. Mortal-
ity was higher in patients with PRCs versus without PRCs 
(41 vs. 3.5%,  p  = 0.001). The ICU and hospital stay were 
longer among patients with pneumonia versus non pneu-
monia (6.3 vs. 2.6 days,  p  = 0.01, and 18 vs. 10.2 days,  p  = 
0.01, respectively). 

  Preoperative risk factors for PRCs are shown in  Ta-
ble 3 . There were no significant differences in age, gen-
der, MELD score, Child-Pugh score, international nor-
malized ratio, presence of comorbidities, restrictive syn-
drome, spirometry, maximal inspiratory pressure, or 
maximal expiratory pressure between patients who de-
veloped PRCs and those who did not. However, the 
groups differed significantly regarding exercise capacity. 
Thus, the 6MWT and 6MST median values were 314 m 
and 60 steps for patients with PRCs versus 371 m ( p  = 
0.001) and 75.5 steps ( p  = 0.001) for patients without 
PRCs. In addition, preoperative CIT was longer for pa-
tients who developed PRCs. To determine whether 
6MWT and 6MST were independent predictors of PRC 
following LT, we performed a multivariate analysis. All 
significant factors in the univariate analysis were submit-
ted to logistic regression. In the multivariate analysis, 
higher 6MWT values were associated with a reduced 
likelihood of experiencing PRCs: the odds ratio (95% CI) 
was reduced to 0.589 (0.357–0.971) for each 50 m walked 
( p  = 0.03). Likewise, CIT was associated with a greater 
likelihood of experiencing PRCs: the odds ratio (95% CI) 
increased to 1.008 (1.002–1.015) for each minute ( p  = 
0.04) ( Table 4 ).

  Discussion 

 This prospective study provides novel evidence that 
the 6MWT, a simple and low-cost measure of functional 
exercise capacity, is a predictor of PRCs in patients sub-
mitted to LT. We also found that a longer CIT is associ-
ated with the incidence of PRCs after LT. 

  The frequency and distribution of PRCs in our study 
are in accordance with previously published data  [1–5] . 
The incidence of pneumonia was within previously re-
ported ranges  [1–4] . As recently demonstrated by 
Levesque et al.  [5] , pneumonia is a major factor of mor-
bidity and mortality after LT  [5] .

  Among patients awaiting LT, ascites and hepatic hy-
drothorax may, by compression, lead to airway closure 
and lung reduction  [25, 26] . Following orthotopic LT, at-
electasis associated with diaphragmatic dysfunction sec-

ondary to phrenic nerve injury is known to predispose 
patients to PRCs  [27] .

  Patients submitted to LT are particularly prone to 
postoperative ARF and lung injury  [1–4] . In our cohort, 
ARF patients had a significantly longer CIT than non-
ARF patients (349 vs. 296 min,  p  = 0.03). A prolonged CIT 
enhances inflammatory response by the activation of nu-
clear factor-kappa B. A poorly controlled systemic in-
flammatory response can damage the alveolar-capillary 
barrier after reperfusion, leading to extravascular fluid 
accumulation. This type of pulmonary injury is one of the 
hallmarks of ARF  [1, 28, 29] .

  The overall postoperative mortality rate was 20%; pre-
vious studies showed a distribution from 10% to 20%  [30, 
31] . As expected, the mortality rate was much higher in 
patients with PRCs than in those without PRCs.

  In our series, we demonstrated that for every 50-m in-
crease in the 6MWT, the risk of PRCs after LT decreased. 
In a study by Carey et al.  [9] , higher 6MWT results were 
associated with reduced mortality in LT candidates (the 
hazard ratio was reduced to 0.58 for each 100 m walked). 
Both studies showed that higher 6MWT values reduced 
adverse events after LT.

  Step tests are widely employed to measure exercise ca-
pacity, and their use in the assessment of patients with 
chronic respiratory conditions is well established  [32] . 
However, it has never been used in patients with ESLD. 
In the univariate analysis of our sample, 6MST was asso-
ciated with PRCs, but this was not confirmed in the mul-
tivariate analysis, possibly because of the strong correla-
tion (collinearity) between 6MST and 6MWT ( r  = 0.70,
 p  = 0.001). Previously, Pichon et al.  [33]  observed that the 
number of steps during the 6MST was significantly cor-
related with the 6MWD in patients with chronic obstruc-
tive pulmonary disease ( r  = 0.72;  p  < 0.0001).

 Table 2. Type of PRCs developed by liver transplant recipients

Subjects having at least 1 PRC 44 (44)
Only pneumonia 12 (27.2)
Only atelectasis 3 (6.8)
Only ARF 9 (20.4)
Only pneumonia plus ARF 11 (25)
Only pneumonia plus atelectasis 3 (6.8)
Only atelectasis plus ARF 2 (4.5)
Atelectasis plus pneumonia plus ARF 4 (9)

Values are presented as n (%). PRC(s), postoperative respiratory 
complication(s); ARF, acute respiratory failure.
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  Patients with ESLD may display disorganized muscu-
lar, pulmonary, and cardiovascular components of exer-
cise capacity due to impairment in carbohydrate homeo-
stasis and a resting hyperdynamic cardiovascular state 
 [34–36] . Recent studies showed that they develop impair-
ment of exercise capacity and fitness  [37, 38] . Also re-
duced peak V O  2  can help identify patients at risk for mor-

 Table 3. Risk factors for development of PRCs after liver transplantation

Risk factors PRCs
(n = 44)

Non-PRCs
(n = 56)

Unadjusted OR
(95% CI)

p

Gender
Male 60 69 1.49 (0.65 to 3.49) 0.34*

Age, years 54 [42 to 59] 56 [45.5 to 61.5] 1.01 (0.97 to 1.04) 0.4†

Child-Pugh
A 13.9 21.8
B and C 81.8 78.1 1.72 (0.58 to 5.05) 0.32*

Cryptogenic cirrhosis 15.9 7.1 2.30 (0.60 to 8.60) 0.19
Previous lung disease 36.6 23 2.17 (0.90 to 5.24) 0.05*
Respiratory symptoms 56.8 48.2 1.52 (0.69 to 3.37) 0.29*
Restrictive syndrome 25 16 2.84 (0.66 to 12.2) 0.15
Comorbidities 34 42.8 0.76 (0.34 to 1.72) 0.52*
Ascites 65.9 51 0.51 (0.23 to 1.17 0.11*
Ex-smoker 46.6 54.5 0.72 (0.33 to 1.60) 0.43*
Alcohol abuse 71 80 0.61 (0.24 to 1.54) 0.29*
Blood transfusion volume 0 [0 to 3] 2 [0 to 6] 1.07 (0.99 to 1.15) 0.07†

MELD 20 [20 to 23] 20 [18 to 22] 1.03 (0.94 to 1.13) 0.5†

INR 1.5 [1.2 to 1.5] 1.4 [1.1 to 1.7] 1.56 (0.84 to 2.87) 0.15†

MIP, cm H2O –60 [–78 to –44] –73 [–86 to –47] 1.01 (0.99 to 1.02) 0.21†

MEP, cm H2O 75 [58 to 101] 78 [62 to 102] 0.99 (0.98 to 1.01) 0.78†

FEV1% pred 83.5 [61.2 to 94.7] 92 [78 to 100] 0.98 (0.96 to 1.00) 0.06†

FVC% pred 87.5 [76.3 to 98.5] 90.8 [80.3 to 100] 0.99 (0.97 to 1.00) 0.46†

6 MWT, m 314 [279 to 363] 371 [333 to 414] 0.98 (0.97 to 0.99) 0.001†

6 MST, steps 60 [41.5 to 74.5] 75.5 [65 to 87] 0.95 (0.93 to 0.98) 0.001†

Cold ischemia time, min 350 [264 to 384] 290 [240 to 335] 1.06 (1.01 to 1.02) 0.01†

Warm ischemia time, min 30 [26 to 37] 32 [29 to 36] 0.99 (0.93 to 1.05) 0.60†

Duration of surgery, min 375 [335 to 417] 350 [305 to 400] 1.00 (1.00 to 1.01) 0.09†

Duration of anesthesia, min 420 [390 to 450] 410 [360 to 465] 1.00 (0.99 to 1.01) 0.20†

Tidal volume, mL 341 [287 to 371] 352 [314 to 396] 0.99 (0.98 to 1.00) 0.06†

ASA classification
II and III 20 16.3
IV 80 83.3 0.78 (0.28 to 2.17) 0.63*

Donor 
Male 65 69 0.27 (0.65 to 1.18) 0.08*

Age, years 35 [24 to 49.5] 42 [25 to 57] 0.98 (0.96 to 1.01) 0.28†

DRI 1.31 [1.13 to 1.52] 1.31 [1.13 to 1.62] 0.62 (0.16 to 2.31) 0.47†

Values are presented as percentages or median [interquartile range] unless otherwise stated. The tidal volume 
was based on the ideal body weight. PRCs, postoperative respiratory complications; MELD, model for end-stage 
liver disease; INR, international normalized ratio; MIP, maximal inspiratory pressure; MEP, maximal expiratory 
pressure; FEV1, forced expiratory volume in the first second; FVC, forced vital capacity; 6MWT, 6-minute walk 
test; 6MST, 6-minute step test; ASA, American Society of Anesthesiologists; DRI, donor risk index. * χ2 test; 
† Mann-Whitney U test.

 Table 4. Logistic regression analysis to evaluate the risk factors 
associated with postoperative respiratory complications after liver 
transplantation

Predictor Adjusted OR 95% CI p

6-minute walk test, per 50 m 0.589 0.357–0.971 0.03
Cold ischemia time, min 1.008 1.002–1.015 0.01
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bidity and mortality after LT  [7, 39, 40] . In our study, a 
poor exercise testing (6MWT) results were indeed pre-
dictive of PRCs after LT. A possible explanation for the 
association of poor exercise capacity and PRCs is the abil-
ity of this test to determine patients’ physiological capac-
ity to cope with the demands placed on the cardiorespira-
tory system following major surgery  [15] . 

  Unlike most organ-specific evaluations of LT candi-
dates, 6MWT and 6MST provide an objective measure of 
global physical function. Among the advantages of 
6MWT and 6MST over other techniques (such as cardio-
pulmonary exercise testing for the assessment of LT can-
didates) are safety, simplicity, and low cost. Although 
they are submaximal tests able to reflect the functional 
capacity of the patients, they cannot be used interchange-
ably  [41] . The 6 MWT is more widely used and better 
validated than the 6MST  [42, 43] .

  In our sample, there was a significant correlation be-
tween 6MWT and FEV 1  ( r  = 0.33;  p  = 0.001). Since exer-
cise capacity tests provide an assessment of pulmonary 
function, in conjunction with cardiovascular and skeletal 
muscle functions, this correlation is not unexpected and 
underscores the potential usefulness of these tests for the 
identification of patients at risk for PCRs. This reinforces 
the hypothesis that these patients could benefit from 
physical training (aerobic exercise and weight training) in 
order to improve exercise capacity before LT as well as in 
the planning of more individualized and effective reha-
bilitation programs after surgery.

  Although there was a trend, both FEV 1  and previous 
pulmonary disease did not correlate with PRC. The pos-
sible explanation could be that patients presented, on av-
erage, normal spirometric values and a low frequency of 
lung disease. 

  This study has several limitations. Initially, there is no 
final consensus about the definition of PRCs. For this 
study, we used only well-defined PRCs with recognized 
clinical relevance. Although pleural effusion is a com-
mon postoperative complication  [1–5] , it is known that 
many patients with pre-LT ascites and hepatic hydro-
thorax continue to accumulate fluid for some time after 
LT, which complicates its analysis as a relevant outcome. 
It should be emphasized that our results may be compa-
rable only to studies that used similar definitions of 
PRCs. Another limitation is the lack of a direct compar-
ison between 6MWT/6MST and cardiopulmonary exer-
cise testing, which is regarded as the gold standard for 
the determination of exercise capacity and cardiorespi-
ratory reserve. Finally, as our patients came from a sin-
gle referral center, it is possible that ESLD subjects from 

other LT centers might have somewhat different patient 
profiles.

  In conclusion, the present study confirms that PRCs 
are common after LT. Prolonged CIT is associated with a 
higher frequency of PRCs after LT. Lower 6MWT values 
can identify LT candidates with increased risk for PRCs. 
Patients that experienced less PRCs presented a reduced 
risk of mortality. Future research focusing on the valida-
tion of the 6MWT in preoperative risk stratification for 
PRC and mortality after LT, evaluation of other variables 
( O  2  pulse, V O  2  max/peak), independently or in combina-
tion with the 6MWT, to increase predictive power, as well 
as new management strategies (physical training) to im-
prove preoperative 6MWT results and to reduce the risk 
of PRC is needed.
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