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AbsTrACT
background Thoracic surgery is the optimal treatment 
for early- stage lung cancer, but there is a high risk 
of postoperative morbidity. Therefore, it is necessary 
to evaluate patients’ preoperative general condition 
and cardiorespiratory capacity to determine the risk of 
postoperative complications. The objective of this study 
was to assess whether the stair- climbing test could be 
used in the preoperative evaluation of lung resection 
patients to predict postoperative morbidity following 
thoracic surgery.
Methods We performed a systematic review and a 
meta- analysis on the association between stair- climbing 
test result and morbidity/mortality after thoracic surgery. 
We analysed all articles published until May 2020 in 
the following databases: Pubmed/Medline, Pedro, The 
cochrane library, embase and cinahl. The risk of bias 
was assessed using the Quality in Prognosis studies 
tool. This meta- analysis is registered as PrOsPerO 
crD42019121348.
results 13 articles were included in the systematic 
review for a total of 2038 patients and 6 in the meta- 
analysis. There were multiple test evaluation criteria: rise 
time, height, desaturation and heart rate change. For the 
meta- analysis, we were able to pool data on the height 
of rise at a variable threshold: risk ratio 2.34 (95% ci 
1.59 to 3.43) with i²=53% (p=0.06). The threshold for 
occurrence of complications was estimated at a 10 m 
climb.
Conclusions Our results indicate that the stair- climbing 
test could be used as a first- line functional screening 
test to predict postoperative morbidity following thoracic 
surgery and that patients with a poor test result (<10 m) 
should be referred to formal cardiopulmonary exercise 
testing.

InTroduCTIon
Surgery is considered the optimal treatment for 
patients with early stage lung cancer.1 Nevertheless, 
lung resection remains a major intervention with 
significant morbidity.2 Candidate selection influ-
ences morbidity and mortality; therefore, an appro-
priate assessment is primordial. According to the 
guidelines of the American College of Chest Physi-
cians,3 the European Respiratory Society (ERS) 
and the European Society of Thoracic Surgeons 
(ESTS),4 all patients with a predicted postoperative 
value of diffusing capacity of the lung for carbon 
monoxide (DLCO) or forced expiratory volume in 

1 s (FEV1) under 60% would benefit from further 
exercise testing as cardiopulmonary exercise testing 
(CPET). CPET on ergocycle with incremental exer-
cise protocol is currently recognised as the gold 
standard stress test, allowing cardiopulmonary 
evaluation.5 It is essential to determine whether 
a patient is at risk after surgery or even operable 
and whether there is a need for prehabilitation to 
improve cardiorespiratory function before surgery.6

However, CPET is largely underused, with 
surgeons declaring that only between 10% and 
30% of their patients receive this evaluation even 
though 75% of them prescribe CPET.7 As an alter-
native to CPET, some low- technology tests as the 
incremental shuttle walking test, the 6 min walk 
test (6MWT) and the stair- climbing test (SCT) have 
been described.8

For the SCT, patients are required to climb stairs 
to evaluate their cardiorespiratory function. In 
the context of thoracic surgery, this assessment is 
intended to identify patients at risk for postoper-
ative complications. Indeed, there is a high risk of 
complications after pulmonary resection, especially 
if the patient is operated by thoracotomy.9 This test 
was first described in 196810 and has been used 
for years. It is safe, easy to understand, fast and 
cheap. SCT can be performed as a submaximal test 
(a number of flights to climb) or as a maximal test 
(symptom limited test).8

Key messages

What is the key question?
 ► Can stair- climbing test be used to predict 
postoperative complications in lung resection 
candidates?

What is the bottom line?
 ► This meta- analysis provides quality of evidence 
that a threshold of 10 m climbed during the 
stair- climbing test can predict postoperative 
morbidity.

Why read on?
 ► In this original systematic review and meta- 
analysis, we summarise current evidence 
of the role of the stair- climbing test in the 
preoperative assessment of patients referred for 
pulmonary resection.
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The objective of this study was to assess whether the SCT 
could be used in the preoperative evaluation of lung resection 
patients to predict postoperative complications.

MeThods
Protocol
A systematic review and meta- analysis were performed and are 
reported in accordance with the ‘Preferred Reported Items for 
Systematic reviews and Meta- Analyses’ (PRISMA) statement11 
and Cochrane Handbook for systematic reviews of diagnostic 
test accuracy.12 A review protocol was written before starting the 
literature search.

The research protocol was prospectively published online at 
the PROSPERO International prospective register of systematic 
reviews (http://www. crd. york. ac. uk/ PROSPERO/) under regis-
tration number: CRD42019121348.

Literature search
We queried Pubmed/Medline, Pedro, The Cochrane library, 
Embase and CINAHL in October 2018 and updated the search 
on May 2020. The search strategy is described in online supple-
mentary material S1.

eligibility criteria
Inclusion criteria were studies with a cohort design and investi-
gating patients aged over 18 years who were diagnosed with lung 
cancer and who had SCT before surgery to predict postopera-
tive complications. Studies with patients who had SCT for other 
reasons were excluded. There were no exclusion criteria based 
on language or publication date. For the analysis, we retained 
only studies in which SCT was performed in a maximal way, that 
is, the patient had to provide an uninterrupted maximal effort 
until exhaustion.

outcome reporting
Since all studies that defined postoperative complications, 
defined it as any adverse event causing a cardiorespiratory 
disorder or death, this definition was kept for the meta- analysis. 
Since follow- up of complications was limited to hospital stay,13 
up to 1 month,14 15 up to 3 months postoperatively16 or do not 
define the time limit,17 the maximum follow- up period of each 
article was used to define complications. Table 1 shows a high 
level of heterogeneity for categories of complications, with 98% 
of respiratory complications in Arruda18vs 36% of respiratory 
and 59% of cardiac complications in Dong.19

study selection and methodological quality assessment
Two independent reviewers screened and selected studies based 
on title, abstract and full text. The articles were translated if they 
were not reported in English or French.

Assessment of risk of bias was done by means of the Quality 
in Prognostic Studies (QUIPS) tool20 used by Cochrane. A low 
risk of bias was given if all six domains were scored as low or 
if no more than two moderate or unknown risks of bias were 
identified. A moderate risk of bias was given if three or less than 
three domains were scored as moderate or unknown, in combi-
nation with no high risk of bias. A moderate risk of bias was 
also given if one domain was scored as high in combination with 
one or less than one moderate or unknown risk of bias. A high 
risk of bias was given when two or more domains were scored 
as high or four or more domains were scored as moderate or 
unknown risk of bias.4 5 The QUIPS assessment for each study 

was independently completed by two authors. Differences were 
resolved by referral to a third author.

data extraction and analysis
The following data were extracted from the studies: name of 
first author, publication year, country, study period, size of 
cohort, frequency of postoperative complications and crude 
number of complications in groups below and above a study- 
specific threshold separating low- risk and high- risk patients 
for each exposure. When there was no specified threshold, but 
detailed data were available, the median height was chosen as the 
threshold. When no threshold was defined and there were insuf-
ficient data to calculate the median or number of subjects above, 
the study was excluded from meta- analysis pooling.

statistical analysis
Pooling effects of desaturation, heart rate change and rise time at 
the SCT was planned but cancelled because of heterogeneity and 
too few studies for each exposure.

Unadjusted relative risks (RRs) were pooled in a random effect 
(primary analysis) model by the DerSimonian- Laird method and 
a fixed effects model based on the Mantel- Haenszel estimator 
(sensitivity analysis). Heterogeneity was tested by Cochran’s Q 
test21 and described by tau² and I². A fixed effects model based 
on the Mantel- Haenszel estimator for RRs was used in a sensi-
tivity analysis.

Due to the threshold variance between studies, sensitivity and 
specificity are variable and negatively correlated, calling for joint 
interpretation. We modelled the bivariate distribution of the logit 
of sensitivity and logit of specificity in the five parameter model 
of Reitsma et al:22 mean sensitivity, mean specificity, between- 
study variance of sensitivity, between- study variance of spec-
ificity, between- study covariance of sensitivity and specificity. 
It is equivalent to the hierarchical summary receiver operating 
characteristic model.23 It was estimated by restricted maximum 
likelihood by the ‘mada’ package of the R statistical software. 
Bivariate confidence regions and univariate CIs of sensitivity and 
specificity were generated from this model. Positive predictive 
value (PPV) and negative predictive values (NPV) were modelled 
in another Reitsma model, inverting roles between the test and 
the outcome as suggested by Leeflang et al.24

All analyses were performed using R statistical software 
(V.3.5.0, The R Foundation for Statistical Computing, Vienna, 
Austria).

resuLTs
Database searches and reference lists yielded a total of 168 arti-
cles (figure 1). After different removals, we identified 13 studies 
that were included in the systematic review.

Of the 13 cohort studies included, 8 studies described the 
climbed height as evaluation criteria, of which 2 gave means 
and SD in the group with and without complications but did 
not provide enough data to assess the RR of complication at a 
given threshold. Therefore, 6 of the 13 studies were included in 
the meta- analysis assessing the predictive value of the climbed 
height.

Of the studies included in the systematic review, four used 
desaturation as an evaluation criterion,19 25–27 but only two of 
them had data on RRs, and they used different definitions of 
desaturation. Consequently, results were not pooled for this 
evaluation criterion. Three articles used time to climb as evalu-
ation criteria and two analysed heart rate but none of them had 
data on RR.
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Table 1 Characteristics of included studies on systematic review and meta- analysis
Author, year,
country Participants

Age
Mean (sd) Interventions

FeV1
Mean (sd)

Maximal or submaximal 
test/variables reported

Type of 
complications surgical approach

Prospective cohort studies

  Ambrozin et al,28 2013, 
Brazil

98 52.7 (17.2) Lobectomy/ pneumonectomy 
(repartition not specified)

2.3±0.8 L Maximal/time Respiratory: 75%
Cardiac: 19%
Death: 4%
Other: 2%

Thoracotomy

  Arruda18 2013, Brazil 48 54.0 (16.7) All major lung resection without 
details

2.3±0.7 L Maximal/time Respiratory: 98%
Death: 2%

Not specified

  Brunelli, 2008, Italy14 640 66.7 (9.3) 533 lobectomies/bilobectomies
107 pneumonectomies

85.4%±18.8% Maximal/climbed height   Not reported Thoracotomy

  Brunelli, 2008,27 Italy 536 67.0 (9.0) 440 lobectomies
96 pneumonectomies

85.6±18.9% Maximal/oxygen desaturation
Climbed height

Cardiac: 50%
Respiratory: 47%
Other: 3%

Thoracotomy

  Nikolić et al,25 2008, Croatia 101 61.1 (8.4) 55 lobectomies
14 bilobectomies
17 pneumonectomies
15 others

Complications 
(n=124) 1.63±0.44 L
No complications 
(n=170)
1.75±0.49 L

Maximal/time
Oxygen desaturation

Cardiac: 41%
Respiratory: 32%
Other: 27%

Thoracotomy

  Toker et al,26 2008, Turkey 150 60.0 (10.6) 101 lobectomies
27 pneumonectomies
22 wedge resections

Complications 
(n=31) 2.29±0.69
No complications 
(n=119)
2.43±0.73

Submaximal/time
Oxygen desaturation
Heart rate change

Respiratory: 62%
Cardiac: 38%

Thoracotomy

  Salahuddin et al,30 2005, 
Pakistan

78 52.9 (16.2) All major lung resection without 
details

<1 floor (n=19) 
1.3±0.17 L
≥1 floor (n=59) 
4.5±2.37 L

Maximal/climbed height Respiratory: 67%
Cardiac: 33%

Thoracotomy/VATS

  Zurauskas et al,13 2002, 
Lithuania

52 62.2 (4.6) 35 lobectomies
11 pneumonectomies
6 others

No data Maximal/climbed height Cardiac: 36%
Respiratory: 59%
Death: 5%

Thoracotomy

  Girish et al,15 2001, USA 83 66.3 (1.3) 31 lobectomies
6 wedge resections
3 pneumonectomies
3 thymectomies
39 others

Complications 
(n=21) 1.8±0.77 L
No complications 
(n=62)
2.3±0.82 L

Maximal/climbed height   Respiratory: 67%
  Cardiac: 25%
  Death: 8%

Thoracotomy

  Pate et al,29 1996,
  USA

11 63.6 (4.9) 5 lobectomies
2 segmentectomies
2 wedge resections
1 pneumonectomy
1 other

1.38±0.3 L Maximal/climbed height   Respiratory: 71%
  Cardiac: 14.5%
  Death: 14.5%

Thoracotomy

  Holden et al,16 1992, USA 16 68.5 (8.7) 6 lobectomies
4 pneumonectomies
3 wedge resections
3 segmentectomies

Complications (n=5) 
1.38±0.08 L
No complications 
(n=62)
1.44±0.13 L

Maximal/climbed height   Respiratory: 53%
  Cardiac: 40%
  Death: 6%

Thoracotomy

Retrospective cohort studies

  Dong et al,19 2017,
  China

171 65.0 (9.0) 27 wedge resection
122 lobectomies
22 pneunomectomies

Complications 
(n=124) 1.63±0.44 L
No complications 
(n=170)
1.75±0.49 L

Submaximal/ Oxygen 
desaturation
Heart rate change
Climbed height

  Cardiac: 59%
  Respiratory: 36%
  Death: 5%

Thoracotomy/VATS

  Olsen et al,17 1991,
  USA

54 60.6 (9.9)   25 lobectomies
  21 wedge resections
  4 pneumonectomies
  4 others

2.41±0.62 L Maximal/climbed height   Respiratory: 55%
  Cardiac: 34%
  Other: 9%
  Death: 2%

Thoracotomy

FEV1, forced expiratory volume in 1 s; VATS, video- assisted thoracic surgery.

study characteristics
The study characteristics of the 13 included articles are 
summarised in table 1. There were 11 prospective cohort studies 
and 2 retrospective cohort studies. Studies were published 
between 1991 and 2017 and included data from 2038 patients, 
with a mean age ranging from 52.7 years to 68.5 years. All were 
conducted in a hospital setting.

Two studies published by the same team included patients 
during overlapping periods.14 27 However, the first study14 
reported climbed height as assessment criteria while the second27 
reported desaturation and height during the test. Only the first 
was included in the meta- analysis.

exposure reporting
Desaturation
Four cohort studies investigated the association between oxygen 
desaturation and postoperative complications. Distance to climb 
was different between studies. In the first study, patients had 
to climb six floors and the saturation change was noted at this 
term with a mean desaturation of 6.15% (SD 5.86%, n=46) 
in patients with complications vs 4.06% (SD 3.94%, n=124) 
in patients without complications19 (p=0.008). In the second 
study, in which patients had to climb three floors,26 the mean 
desaturation was 2.50% (SD 2.58%) in patients with complica-
tions vs 1.18% (SD 0.98%) in patients without complications 
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Figure 1 PRISMA diagram showing selection of studies for systematic review and meta- analysis. SCT, stair- climbing test.

(p=0.017). In the third study, in which patients had to provide 
a maximal effort climb, a saturation <90% at the end of the 
test was observed in 26 (51.0%) patients with major complica-
tions or death and in 28 (56.0%) patients without complications 
or with minor complications25 (p=0.61). In the fourth study, 
after a maximal effort, 27 (21%) patients with complications 
had a SpO2 drop ≥4% vs 48 (12%) patients without compli-
cations (p=0.008). In the same study, 6 (4.7%) patients with 
complications had a SpO2 under 90% at the end of the test vs 
21 (5.1%) patients without complications (p=0.80).27 Defini-
tions of desaturations and evaluation methods differed between 
studies; hence, we were not able to pool data because of this 
heterogeneity.

Time
Three cohort studies reported time as assessment criteria.25 26 28 
For Nikolić et al,25 the duration of maximal effort SCT was 
only predictive of postoperative complications in the lobec-
tomy subgroup, with a mean test duration of 96.1 s (SD 14.5) in 
patients without complications or with minor complications and 
of 80.7 s (SD 14.2) in patients with complications. Ambrozin et 
al28 reported, for six floors climbed, 46.6 s (SD 17.4) for patients 
with complications vs 35.8 s (SD 12.8) for patients without 
complications (p=0.005), while Toker et al26 reported 21.67 s 
(SD 6.55) vs 19.65 s (SD 6.32) for 3 m (p=0.16).

Heart rate change
Only two studies reported this exposure. Dong et al19 reported, 
for five floors climbed, a mean heart rate change of 48.8 (SD 
13.5) in patients with complications vs 54.1 (SD 14.5) in patients 
without complications (p=0.03), while Toker et al26 reported, 

for 3 m climbed, respectively, 14.85 (SD 3.77) and 14.93 (SD 
3.55) (p=0.90).

Climbed height
Eight studies investigated the association between the height 
climbed and postoperative morbidity. The overall homogeneity 
allowed us to perform a meta- analysis. One study29 was excluded 
from quantitative analysis (n=11) because it did not define a 
climb threshold, and RRs at the median could not be calculated. 
All patients included in the meta- analysis were instructed to 
climb the maximum number of floors until exhaustion. Studies 
in which patients did not perform the test under maximum 
conditions were excluded from the analysis.19 For the study of 
Olsen et al,17 two thresholds were presented (19 m and 10 m). 
The one closest to the mean of the other studies was selected 
(10 m).

results of meta-analysis: relative risk
Figure 2 shows RR estimations of the random effects model at 
the threshold defined by the study. The overall pooled RR of 
complications was 2.34 (95% CI 1.59 to 3.43) with heteroge-
neity coefficient I²=53% (p=0.06). The pooled RR of compli-
cations in the fixed- effects model (sensitivity analysis) was 2.31 
(95% CI 1.79 to 2.96). A sensitivity analysis was performed by 
using fixed- effect models by excluding the two studies with the 
lowest quality score showing an RR estimated at 2.00 (95% CI 
1.53 to 2.61), with a non- significant heterogeneity (I2=34%, 
p=0.21) (online supplementary figure S2).

Each study compared the risk of complications of patients 
exceeding a threshold to that of those not exceeding it. This 
threshold was different in each study, varying between 2.43 m30 
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Figure 2 Forest plot of the relative risks of postoperative cardiopulmonary complications for a height of climbing below (vs above) the study- 
specific threshold.

Figure 3 Sensitivity, specificity (panel A), PPV and NPV (panel B) of 
each study (grey crosses and 95% thin ovoid confidence regions) and 
of the meta- analysis (round and bold 95% ovoid confidence region) 
in Retisma’s random effect model taking in account the correlation 
between sensitivity and specificity and between PPV and NPV. NPV, 
negative predictive value; PPV, positive predictive value.

Figure 4 Risk of bias according to the QUIPS tool. Red circle: high risk 
of bias, orange circle: moderate risk of bias, green circle: low risk of bias. 
QUIPS, Quality in Prognosis Studies.

and 12 m.14 We therefore analysed for each study the association 
between complications and height climbed at its own threshold 
(figure 2). A pooled threshold of height climbed, indicating a 
high risk of complications, was obtained by the unweighted mean 
of thresholds of all the studies included in the meta- analysis. In 
a sensitivity analysis, the two studies with poor methodological 
quality were excluded. The mean threshold including the studies 
with poor methodological quality13 30 was 8.11 m whereas the 
threshold excluding these studies was 9.91 m.

Predictive performances
The sensitivity, specificity, PPV and NPV of the SCT were esti-
mated respectively at 43% (95% CI 21% to 68%), 88% (95% 
CI 82% to 92%), 62% (95% CI 42% to 78%) and 75% (95% 
CI 65% to 83%). Confidence regions of predictive values are 
shown in figure 3.

risk of bias
The overall ‘Risk of Bias’ of each included study is presented 
in figure 4. Overall crude agreement on methodological quality 
scores between the reviewers was 84.6%. Five studies had a low 
risk of bias, four had a moderate risk of bias and four had a high 
risk of bias, mainly due to the variety of confounding factors.

We assessed the overall level of evidence of the univariate 
prognosis value of the SCT for postoperative complications with 
the adapted GRADE framework defined by Huguet et al for 
prognostic meta- analyses.31 The investigational phase was at 2 
for all studies. There was no problem on: inconsistency, indirect-
ness, publication bias. There was a downgrade for serious study 
limitations (high risk of bias in several studies) and an upgrade 
for moderate/large effect size. Overall, the level of evidence was 
high.

Assessment of risk of bias
Selection bias: two studies do not include only thoracic surgery 
candidates, but also a minor proportion of abdominal surgery.15 30

Information bias on exposition: the heterogeneity of SCT is 
not perfectly standardised. The types of stairs are different, and 
this can have an impact on the result. Furthermore, the repro-
ducibility of the test is unknown.

Information bias on outcome: we observe a difference in 
follow- up complications with a lack of standardised definition 
of postoperative complications.

dIsCussIon
This is the first meta- analysis of observational studies on the 
association between the height climbed during SCT and post-
operative morbidity. We found evidence of a 2.34- fold (95% 
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CI 1.59 to 3.43) increased risk of postoperative complications 
beyond the climb threshold of SCT.

This meta- analysis included two low- quality studies. However, 
their exclusion had little impact on estimations of effects. The 
high methodological heterogeneity of studies included in this 
systematic review made it impossible to pool any effect, but 
the climbed height. Even that analysis was limited by variable 
climbing thresholds. The climbing threshold being variable from 
study to study, the predictive value at the mean threshold (9.91 
m) could not be computed on aggregated data. Individual data 
meta- analysis was not possible since we failed to acquire study 
databases despite our requests to the authors.

Exercise tests simulate surgical stress and detect potential 
defects in the lung, heart and/or muscular chain of the oxygen 
transport system.5 This encourages the widespread use of preop-
erative exercise in thoracic surgery units. The SCT involves 
a large muscle mass and it is a functional test, informing the 
clinicians about the daily capacities of patients. The number and 
height of steps in stair flights varied between centres. We tried to 
standardise the results by reporting the performance in metres. 
This study shows that the number of floors was not a reliable 
value, 12 m corresponding in some studies to six floors,14 while 
10 m corresponded to 2.5 floors in others.17 Metric altitude 
standardisation allows therapists to adapt the risk threshold 
according to patients’ consultation environment.

ERS/ESTS guidelines recommend that SCT should be used as 
a first- line functional screening test to select patients for safe 
surgery (height of ascent >22 m) (grade of recommendation: 
B).4 The 10 m threshold computed in our work is based on 
pooling studies that directly estimated the risk of complications, 
while the 22 m threshold is based on a single study32 that did 
not measure postoperative complications, but estimated it indi-
rectly via VO2max. A total of 98% of patients who were above 
the 22 m threshold had high VO2max (>15 mL/kg/min) but 
only 23% of patients who were below the threshold had low 
VO2max (<15 mL/kg/min). From the same study, a threshold of 
14 m would provide a PPV of 56%, a sensitivity of 64% and a 
specificity of 87%.

The climbed height or climbing speed is correlated (r=0.63–
0.72) with the VO2peak reached during SCT.19 28 VO2peak 
reflects a patient's aerobic activity and ability to respond to 
intense physical stress, as during major surgery. SCT yields greater 
values of VO2peak than ergocycle.33 This can be explained by 
the visual feedback and the motivation of the patient to reach 
the next floor before stopping. Only 10% of patients performing 
SCT stopped the test before reaching the next floor.32

After reanalysis of raw data published by Bolliger et al, 
VO2peak PPV, at threshold 15 mL/min/kg was 47% (23%–72%) 
and NPV was 87% (77%–94%). In our meta- analysis, the PPV of 
SCT was higher (62%), but NPV was lower (75%).34

The SCT as the 6MWT can be used to predict postoperative 
outcomes.35 The 6MWT is very easy to perform but requires a 30 
m long corridor which is not always available. The SCT requires 
stairs that are high enough. To improve risk control, some teams 
prefer the use of ergocycle in a secured environment.36

As SCT is a highly demanding cardiorespiratory test, there 
are associated risks.37 It can identify patients presenting risks, 
but it is difficult to determine if the risk is cardiac, respiratory 
and/or neuromuscular. Regarding these results, we suggest using 
SCT more as a screening tool to identify patients who would 
benefit from CPET, rather than as a substitute for this major 
examination.

Currently, the use of CPET is based on European and Amer-
ican recommendations.4 5 These recommendations are relative to 

resting respiratory parameters (FEV1/DLCO) at a time when the 
patient's evaluation must be dynamic. In addition, these recom-
mendations, like the majority of the studies included in this 
meta- analysis, are relative to thoracotomy- operated patients, 
whereas at present, surgery by video or robotic- assisted thoracic 
surgery (VATS or RATS) is largely preferred. There are too few 
prospective studies including these techniques.

The strength of this meta- analysis is an extensive literature 
search, reporting based on PRISMA statement and standardised 
assessment of bias, whereas most articles report small case series 
limited to a single institution. As part of this analysis, patients 
treated with VATS were combined with those treated with thora-
cotomy.19 30 Compared with thoracotomy, VATS enables less 
postoperative pain, fewer complications and shorter hospitalisa-
tion.38 Most of the reviewed studies did not include VATS resec-
tion. Modern thoracic surgery may allow more complex cases 
to be performed. All patients in the meta- analysed studies had 
major pulmonary resection except in the Salahuddin et al30 and 
Girish et al15 studies, which included 65% and 50% of patients 
with thoracic surgery, respectively, and the remainder had upper 
abdominal surgery.

As with all meta- analyses, the quality of pooled results is 
dependent on the quality of the included studies. The included 
studies were small, with variable methodological quality. The 
high variability of the average height climbed suggests that the 
populations and/or test conditions were variable. The surgery 
extent (from wedge resection to pneumonectomy) was variable 
and subgroup analyses were impossible with the published data. 
Postoperative complications were defined in all studies as cardio-
respiratory impairment resulting in morbidity or mortality. 
However, complications were not detailed in all studies. It would 
be helpful to know which complications were most frequently 
detected by the SCT. Some may be relatively easily managed such 
as atrial arrhythmia whereas others such as ventilation insuffi-
ciency may not. None used the Clavien- Dindo classification to 
rank complications.39

Moreover, postoperative follow- up was not of the same dura-
tion (hospital stay of up to 90 days), even if according to Agos-
tini’s work, postoperative complications occur mostly during 
hospital stay.40

Our meta- analysis completes the systematic review of Moran 
et al investigating the predictive capacity of field tests in abdom-
inal surgery and calls for further evaluation of SCT in a context 
of minimally invasive surgery or combined with other low- 
technology tests.41

ConCLusIon
This meta- analysis and the systematic review highlight an asso-
ciation between height climbed at stair- climbing test and post-
operative complications. SCT could be used as a screening tool 
in patients with lung cancer in order to select candidates for 
thoracic surgery who could benefit from preoperative CPET and 
prehabilitation. However, better designed prospective studies 
are necessary to assess the predictive value of low- technology 
tests and risk classification algorithms in a context of minimally 
invasive thoracic surgery.
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