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Abstract

OBJECTIVES: The aim was to verify the association of low VO2 max with postoperative morbidity and mortality after video-assisted thora-
coscopic surgery (VATS) or open pulmonary lobectomy using the European Society of Thoracic Surgeons (ESTS) database.

METHODS: A retrospective analysis of data collected from the ESTS database was conducted. A total of 1684 lobectomy patients with
available VO2 max values were included (2007–14). Patients operated through VATS (281 patients) or thoracotomy (1403 patients)
were separately analysed. Propensity score analyses were performed to match patients with high (≥15 ml/kg/min) and low VO2

max (<15 ml/kg/min) for each approach. The following variables were used to construct the score: age, body mass index, predicted
postoperative forced expiratory volume in 1 s (%), coronary artery disease, American Society of Anaesthesiology grade and Eastern
Cooperative Oncology Group performance score. Cardiopulmonary morbidity and 30-day mortality were compared between the
matched groups.

RESULTS: Mean VO2 max was 17.4 ml/kg/min. A total of 471 patients (28%) had low VO2 max. Overall postoperative cardiopulmonary
morbidity and mortality rates were 30% (505 patients) and 4.1% (70 patients), respectively. Morbidity and mortality rates in low VO2 max
patients were 33% (156 patients) and 6% (28 patients), respectively. After VATS, cardiopulmonary morbidity and mortality rates were 2-fold
(13 of 72, 18% vs 143 of 399, 36%, P = 0.003) and 5-fold (1 of 72, 1.4% vs 27 of 399, 6.7%, P = 0.09) lower compared with thoracotomy.
Matched comparison after thoracotomy (399 pairs): Mortality was significantly higher in patients with low VO2 max (27 patients, 6.7%)
compared with those with high VO2 max (11 patients, 2.8%, P = 0.008). Complication rates were similar between the two groups (low VO2

max: 143 patients, 36% vs high VO2 max: 133 patients, 33%, respectively, P = 0.5). Matched comparison after vats (72 pairs): Morbidity and
mortality rates of patients with low VO2 max were similar to those of patients with high VO2 max (morbidity: 13 patients, 18% vs 17
patients, 24%, P = 0.4; mortality: 1 patient, 1.4% vs 4 patients, 5.5%, P = 0.4).

CONCLUSIONS: Low VO2 max was not associated with an increased surgical risk after VAT lobectomy, which challenges the traditional
operability criteria when this technique is used.
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INTRODUCTION

Cardiopulmonary exercise testing (CPET) is increasingly used to
assess the aerobic capacity of the lung resection candidates.
Several studies have shown that a VO2 max lower than 10–15 ml/
kg/min increases the postoperative risk of morbidity and mortality

[1–5]. On the basis of this evidence, CPET has become one of the
pivotal parameters to define the surgical risk in functional guide-
lines [6, 7].
However, current guidelines are based on the evidence derived

from studies including patients operated on mainly through a
thoracotomy approach.
With the advent of video-assisted thoracoscopic surgery (VATS),

an increasing number of procedures are now being performed via
this approach.
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Several studies have shown that VAT lobectomy is associated
with reduced morbidity and mortality rates compared with open
lobectomies [8–10]. The benefits of VATS are particularly evident
in patients with prohibitive pulmonary function [11–14].

However, to date, there is a paucity of data assessing the
outcome of VAT lobectomy patients with impaired VO2 max. It
seems plausible that the use of VATS will challenge the operability
cutoff values of VO2 max currently used for selecting patients for
anatomical lung resection.

Therefore, the objective of this investigation was to query the
European Society of Thoracic Surgeons (ESTS) database and verify
the association between morbidity and mortality following VATS
or open pulmonary lobectomy in patients with low VO2 max.

PATIENTS ANDMETHODS

The study protocol was submitted to the ESTS Database Committee
for approval and release of an anonymized user file containing ana-
tomical lung excision performed in patients with a preoperative VO2

max available.

Data source

The ESTS database is an online voluntary database launched in
July 2007. It is free to all ESTS members and collects all general
thoracic surgical procedures.

At the time of data extraction for this analysis, there were 235
participating sites within Europe (departments or individual sur-
geons). Variable definitions within the dataset are standardized
and data entry consistency is ensured by the use of dropdown
menu. Although there is no systematic data audit yet, a sample of
data of several units participating to the ESTS accreditation pro-
gramme has been audited to verify the accuracy of data collection
[15]. The database characteristics, collection and maintenance
have been previously described in detail [16, 17].

Patient population

The study population consists of patients submitted to VATS or
open lobectomy for primary lung cancer and with a preoperative
VO2 max available as a data element in the database, between 1
January 2007 and 31 December 2014. All data were collected
using the online ESTS database.

Patients undergoing sublobar resections or pneumonectomies,
redo operations and extended resection were not in the analysis.

A total of 31 124 lobectomies were present in the database at
the time of the analysis. Of these, 1684 (5.4%) had preoperative
VO2 max recorded in the database and constituted the final
sample for the analysis and 1403 were operated through a thora-
cotomy and 281 through a VATS approach.

Definition of complications

Risk factors and outcomes were defined and standardized at data-
base outset. Definitions can be found in the recently published
paper by a collaborative task force of the STS and ESTS [18]. The
following complications occurring in hospital or within 30 days
from operation were included in the major cardiopulmonary mor-
bidity outcome: adult respiratory distress syndrome, pneumonia,
pulmonary embolism, pulmonary oedema, atelectasis requiring

bronchoscopy, respiratory failure, arrhythmia requiring electrical
or medical cardioversion, myocardial ischaemia, cardiac failure,
stroke and acute renal failure.

Statistical analysis

We compared patients who underwent lobectomy via a VATS
(281) approach with patients who underwent surgery via a thora-
cotomy (1403). To minimize selection bias, propensity score ana-
lyses were used to match patients with high (≥15 ml/kg/min) and
low VO2 max (<15 ml/kg/min) for each approach [19, 20].
The following variables were used to construct the score: age,

body mass index (BMI), predicted postoperative forced expiratory
volume in 1 s (ppoFEV1%), coronary artery disease, American
Society of Anaesthesiology (ASA) grade and Eastern Cooperative
Oncology Group (ECOG) performance score. Predicted post opera-
tive Diffusing Capacity of the Lung for Carbon Monoxide (PpoDLCO)
was not used for constructing the score as it was available in less than
50% of patients. The two matched groups were then compared in
terms of cardiopulmonary morbidity and 30-day mortality using χ2

or Fisher’s exact tests (in case of one or more of the cells have an
expected frequency of 5 or less). Standardized differences (effect
size) were used to assess the magnitude in differences of preopera-
tive variables between the two groups. Effect size or standardized dif-
ference is calculated by dividing the difference in the averages of the
two groups by the standard deviation in the total population.
According to Cohen classification, an effect size between −0.2 and
0.2 indicates a small difference [21]. Standardized difference appears
more appropriate than P-value to establish whether an adequate
balance was achieved in matching, as it is less sensitive to sample size
[22]. All tests were performed using the Stata 12 statistical software
(Stata Corp., College Station, TX, USA).

RESULTS

Mean VO2 max in the entire population was 17.4 ml/kg/min.
Four hundred and seventy-one patients (28%) had a low VO2

max. Figure 1 shows the distribution of VO2 max in the entire
population of the ESTS database. Twenty-nine percent had a VO2

max greater than 20 ml/kg/min, whereas 28% had a VO2 max
lower than 15 ml/kg/min. Overall postoperative cardiopulmonary

Figure 1: Distribution of VO2 max in the 1684 patients included in the analysis.

TH
O
R
A
C
IC

S.S.S. Begum et al. / European Journal of Cardio-Thoracic Surgery 1055

Downloaded from https://academic.oup.com/ejcts/article-abstract/49/4/1054/2465481
by guest
on 28 July 2018



morbidity and mortality rates were 30% (505 patients) and 4.1%
(70 patients), respectively.

VO2 max ≥15 ml/kg/min

In this group of 1213 patients, postoperative cardiopulmonary
and mortality rates were 29% (349 patients) and 3.5% (42 patients),
respectively. Cardiopulmonary morbidity was lower in VATS
patients compared with thoracotomy (47 of 209, 22% vs 302 of
1004, 30%, χ2 test, P = 0.03). Mortality was similar in the two
groups (VATS 11 of 209, 5.2% vs thoracotomy 31 of 1004, 3%, χ2

test, P = 0.1).

VO2 max <15 ml/kg/min

In this group of 471 patients, postoperative cardiopulmonary and
mortality rates were 33% (156 patients) and 6% (28 patients), re-
spectively. Cardiopulmonary morbidity was lower in VATS patients
compared with thoracotomy (13 of 72, 18% vs 143 of 399, 36%, χ2

test, P = 0.003). Mortality was lower after VATS (VATS 1 of 72, 1.4%
vs thoracotomy 27 of 399, 6.7%, Fisher’s exact test, P = 0.09).

Matched comparison after thoracotomy

Mortality was significantly higher in patients with low VO2 max
(45 of 591 patients, 7.6%) compared with those with high VO2 max
(47 of 1268 patients, 3.7%, χ2 test, P < 0.001). Complication rates
were also higher in patients with low VO2 max (209 of 591
patients, 35% vs 388 of 1268 patients, 31%, respectively, χ2 test,
P = 0.04).

Matched comparison after thoracotomy (399 pairs)

The characteristics of the patients in the two matched groups are
presented in Table 1. Mortality was significantly higher in patients

with low VO2 max (27 patients, 6.7%) compared with those with
high VO2 max (11 patients, 2.8%, χ2 test, P = 0.008). Complication
rates were similar between the two groups (143 patients, 36% vs
133 patients, 33%, respectively, χ2 test, P = 0.5). Propensity score-
weighted logistic regression showed that low VO2 max was
significantly associated with mortality (P = 0.002) but not with
complications (P = 0.8).

Unmatched comparison after video-assisted
thoracoscopic surgery

Morbidity and mortality rates of patients with low VO2 max were
similar to those of patients with high VO2 max (morbidity: 13 of 81
patients, 16% vs 57 of 242 patients, 24%, χ2 test, P = 0.2; mortality:
2 of 81 patient, 2.5% vs 13 of 242 patients, 5%, Fisher’s exact test,
P = 0.4).

Matched comparison after video-assisted
thoracoscopic surgery (72 pairs)

The characteristics of the patients in the two matched groups are
presented in Table 2. Morbidity and mortality rates of patients
with low VO2 max were similar to those of patients with high VO2

max (morbidity: 13 patients, 18% vs 17 patients, 24%, χ2 test,
P = 0.4; mortality: 1 patient, 1.4% vs 4 patients, 5.5%, Fisher’s exact
test, P = 0.4). Propensity score-weighted logistic regression showed
that low VO2 max was not significantly associated with mortality
(P = 0.2) or with complications (P = 0.09).

DISCUSSION

CPET is being increasingly utilized in clinical practice to deter-
mine patients’ fitness for surgery. Initial studies suggested that
CPET was a valuable test in assessing fitness for resection [2, 4].
Consequently, it has been incorporated into both the ESTS and

Table 1: Characteristics of the patients submitted to open
lobectomy in the two matched groups with VO2 max above
or below 15 ml/kg/min (399 pairs)

Variables VO2 max <15
ml/kg/min

VO2 max ≥15
ml/kg/min

Effect size

Age 68.1 (9.5) 67.4 (8.2) 0.07
BMI (kg/m2) 27.1 (5.1) 26.7 (5) 0.1
ppoFEV1% 56.9 (15) 57.1 (14.6) −0.01
ASA 2.5 (0.6) 2.4 (0.7) 0.04
ECOG 0.97 (0.7) 0.92 (0.7) 0.07
CAD (%) 18 18 0.01
VO2 max (ml/kg/min) 12.6 (1.7) 18.6 (2.9) −1.6

Results are expressed as mean and standard deviations unless
otherwise specified.
Effect size or standardized difference is calculated by dividing the
difference of the averages of the two groups by the standard deviation
in the total population. Effect size: 0.2 = small difference; 0.5 =medium
difference; 0.8 = large difference.
BMI: body mass index; ppoFEV1: predicted postoperative forced
expiratory volume in 1 s; ASA: American Society of Anaesthesiology
score; ECOG: Eastern Cooperative Oncology Group performance score;
CAD: coronary artery disease.

Table 2: Characteristics of the patients submitted to VAT
lobectomy in the two matched groups with VO2 max above
or below 15 ml/kg/min (72 pairs)

Variables VO2 max <15
ml/kg/min

VO2 max ≥15
ml/kg/min

Effect size

Age 69.0 (7.8) 69.5 (8.1) −0.06
BMI (kg/m2) 26.9 (5.1) 25.8 (5.7) 0.2
ppoFEV1% 58.6 (16.9) 60.8 (17.6) −0.1
ASA 2.3 (0.7) 2.2 (0.8) 0.1
ECOG 0.73 (0.6) 0.7 (0.7) 0.06
CAD (%) 19% 17% 0.06
VO2 max (ml/kg/min) 12.5 (1.6) 18.2 (2.8) −1.5

Results are expressed as mean and standard deviations unless
otherwise specified.
Effect size or standardized difference is calculated by dividing the
difference of the averages of the two groups by the standard deviation
in the total population. Effect size: 0.2 = small difference; 0.5 = medium
difference; 0.8 = large difference.
BMI: body mass index; ppoFEV1: predicted postoperative forced
expiratory volume in 1 s; ASA: American Society of Anaesthesiology
score; ECOG: Eastern Cooperative Oncology Group performance score;
CAD: coronary artery disease.
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American College of Chest Physicians guidelines [6, 7]. However,
as stated before these studies were conducted at a time when lung
resections were performed mostly via a thoracotomy. There is a
lack of data regarding low VO2 max and VAT lobectomies. Our aim
of this study was to confirm the relationship between VO2 max
and morbidity and mortality following a lobectomy and to estab-
lish if this relationship holds true for lobectomies performed via
the VATS approach.

Main findings

Although we found a reduced morbidity rate after VATS compared
with thoracotomy even in the patients with high VO2 max, the
greatest benefit of VATS was observed in those patients with a low
VO2 max.

The cardiopulmonary morbidity and mortality rates were 2-
and 5-fold lower following VAT lobectomy compared with thora-
cotomy, respectively.

Matched comparison of the thoracotomy patients showed that
low VO2 max was associated with an increased mortality rate fol-
lowing lung resection, confirming previous reports [2, 4, 5].

Conversely, matched comparison of the VATS patients demon-
strated that morbidity and mortality rates of patients with low VO2

max were similar to those of patients with higher VO2 max.
Our findings confirmed recent evidence showing a protective

effect of VATS in high-risk patients [11–14]. One particular study
by Demmy and Curtis [13] compared VATS versus open lobec-
tomy in patients with unfavourable risk factors. They classified
patients as high risk based on preoperative FEV1 <50% pre-
dicted. They demonstrated that despite the fact that there was
a higher proportion of patients with unfavourable risk factors
in the VATS group; VATS resulted in reduced length of stay
shorter chest tube durations and earlier returns to full preopera-
tive activity.

In a recent analysis from the Society of Thoracic Surgeons
General Thoracic database, Burt et al [14] found that in patients
with ppoFEV1% <40%, mortality was 7-fold higher in the open
group (4.8%) compared with the matched VATS group (0.7%,
P = 0.003). Likewise, in patients with a ppoDLCO% <40%, mortality
was significantly higher in the thoracotomy group compared with
the VATS group (5.2% open vs 2.0% VATS, P = 0.003). The same
trend was observed regarding cardiopulmonary complications,
which were shown to be higher in the high-risk thoracotomy
group compared with the high-risk VATS group.

Berry et al. [11] confirmed that DLCO and FEV1 remained sig-
nificant predictors of pulmonary morbidity only when operating
via a thoracotomy. They did not correlate with morbidity in
patients undergoing a VAT lobectomy.

Most recently, Falcoz et al. [23] performed an ESTS database
subgroup analysis comparing outcome after lobectomy performed
through VATS versus thoracotomy. They found a significant reduc-
tion of cardiopulmonary complications after VATS compared with
thoracotomy in several subsets of high-risk patients (elderly, low
BMI, ASA grade >2 and ppoFEV1 <40%).

Our results appear in line with the previously reported evidence,
showing a benefit of VATS in high-risk patients. The main difference
is the methodology used to define the subset of patients at in-
creased risk. In fact, while the previous investigations mainly used
pulmonary thresholds, we applied VO2 max as this is regarded the
global parameter to assess the whole oxygen transport system.
In this regard, our results add to the existing literature and

challenge current operability criteria. The use of VATS may allow
the inclusion of more patients for surgery by lowering the level of
surgical risk.

Limitations

The current study may have several potential limitations. This is
an analysis of data registered on a large multi-institutional
database. Submission of data to the database is voluntary and
the accuracy of the data is reliant on the individuals contri-
buting to it. At present, data from only a small fraction of the
units participating in the ESTS Institutional Accreditation Pro-
gram has been validated for quality and consistency with the
data source. Therefore, the majority of data have not been cen-
trally audited and this needs to be taken into consideration
when interpreting the results from organizational databases of
this scale.
Furthermore, as this is a generic database it lacks certain details

that are pertinent to VAT lobectomy: the rate of conversion, whether
the converted cases were classed as VATS and the number of ports
used, etc. Analgesia regimes and pain scores are not currently
recorded in the ESTS database and would be very difficult to stand-
ardize across so many institutions. Therefore, it is impossible to de-
termine whether the effect we are seeing is the result of lower
postoperative pain. A specific VAT lobectomy section is under devel-
opment within the ESTS database committee for a more accurate
analysis of this procedure.
The results of this analysis may be affected by small numbers as

only a minority of patients in the database had VO2 max available.
In particular, only 72 patients submitted to VAT lobectomy had a
low VO2 max. This prevented us to test lower thresholds of VO2

max (i.e. 10–12 ml/kg/min), which may have been more predictive
of complications but which would have restricted even more the
sample size.
Although propensity score is the most rigorous method to

minimize the selection bias in a non-randomized setting, it
cannot completely account for unknown variables affecting the
outcome that are not correlated strongly with the measured
variables.
Finally, the use of complications for outcome analysis, particularly

when recorded in a large multicentre database, may represent a crit-
ical aspect. Problems of under-reporting or miscoding are a well-
known limitation especially when complications are imputed by
multiple end-users. Nevertheless, complications were well defined
at the outset of the database and definition were published annually
in the Database Report.

CONCLUSIONS

The results of our analysis indicate that low VO2 max is not asso-
ciated with increased morbidity and mortality in patients under-
going a VAT lobectomy. Approximately one-third of candidates
for lung resection for lung cancer displayed a preoperative value
of VO2 max below 15 ml/kg/min. Our findings challenge tradition-
al operability criteria and can be used as an additional information
during patient counselling and as an aid in the shared decision-
making process.

Conflict of interest: none declared.

TH
O
R
A
C
IC

S.S.S. Begum et al. / European Journal of Cardio-Thoracic Surgery 1057

Downloaded from https://academic.oup.com/ejcts/article-abstract/49/4/1054/2465481
by guest
on 28 July 2018



REFERENCES

[1] Bechard D, Wetstein L. Assessment of exercise oxygen consumption as
preoperative criterion for lung resection. Ann Thorac Surg 1987;44:344–9.

[2] Brunelli A, Belardinelli R, Refai M, Salati M, Socci L, Pompili C et al. Peak
oxygen consumption during cardiopulmonary exercise test improves
risk stratification in candidates to major lung resection. Chest 2009;135:
1260–7.

[3] Smith TP, Kinasewitz GT, Tucker WY, Spillers WP, George RB. Exercise
capacity as a predictor of post-thoracotomy morbidity. Am Rev Respir Dis
1984;129:730–4.

[4] Bolliger CT, Jordan P, Solèr M, Stulz P, Grädel E, Skarvan K et al. Exercise
capacity as a predictor of postoperative complications in lung resection
candidates. Am J Respir Crit Care Med 1995;151:1472–80.

[5] Licker M, Schnyder J-M, Frey J-G, Diaper J, Cartier V, Inan C et al. Impact
of aerobic exercise capacity and procedure-related factors in lung cancer
surgery. Eur Respir J 2011;37:1189–98.

[6] Brunelli A, Charloux A, Bolliger CT, Rocco G, Sculier J-PP, Varela G et al.
The European Respiratory Society and European Society of Thoracic
Surgeons clinical guidelines for evaluating fitness for radical treatment
(surgery and chemoradiotherapy) in patients with lung cancer. Eur J
Cardiothorac Surg 2009;36:181–4.

[7] Brunelli A, Kim AW, Berger KI, Addrizzo-Harris DJ. Physiologic evaluation
of the patient with lung cancer being considered for resectional surgery:
diagnosis and management of lung cancer, 3rd ed: American college
of chest physicians evidence-based clinical practice guidelines. Chest
2013;143:e166S–90S.

[8] Onaitis MW, Petersen RP, Balderson SS, Toloza E, Burfeind WR, Harpole
DH et al. Thoracoscopic lobectomy is a safe and versatile procedure:
experience with 500 consecutive patients. Ann Surg 2006;244:420–5.

[9] McKenna RJ, Houck W, Fuller CB. Video-assisted thoracic surgery lobec-
tomy: experience with 1,100 cases. Ann Thorac Surg 2006;81:421–6.

[10] Solaini L, Prusciano F, Bagioni P, di Francesco F, Poddie DB. Video-assisted
thoracic surgery (VATS) of the lung: analysis of intraoperative and post-
operative complications over 15 years and review of the literature. Surg
Endosc 2008;22:298–310.

[11] Berry MF, Villamizar-Ortiz NR, Tong BC, Burfeind WR, Harpole DH,
D’Amico TA et al. Pulmonary function tests do not predict pulmonary
complications after thoracoscopic lobectomy. Ann Thorac Surg 2010;89:
1044–52.

[12] Ceppa DP, Kosinski AS, Berry MF, Tong BC, Harpole DH, Mitchell JD et al.
Thoracoscopic lobectomy has increasing benefit in patients with poor pul-
monary function: a Society of Thoracic Surgeons Database analysis. Ann
Surg 2012;256:487–93.

[13] Demmy TL, Curtis JJ. Minimally invasive lobectomy directed toward frail
and high-risk patients: a case-control study. Ann Thorac Surg 1999;68:
194–200.

[14] Burt BM, Kosinski AS, Shrager JB, Onaitis MW, Weigel T. Thoracoscopic
lobectomy is associated with acceptable morbidity and mortality in
patients with predicted postoperative forced expiratory volume in 1
second or diffusing capacity for carbon monoxide less than 40% of
normal. J Thorac Cardiovasc Surg 2015;148:19–29.e1.

[15] Brunelli A, Falcoz PE. European institutional accreditation of general thor-
acic surgery. J Thorac Dis 2014;6:S284–7.

[16] Falcoz PE, Brunelli A. The European general thoracic surgery database
project. J Thorac Dis 2014;6:S272–5.

[17] Brunelli A, Rocco G, Van Raemdonck D, Varela G, Dahan M. Lessons
learned from the European thoracic surgery database: the composite per-
formance score. Eur J Surg Oncol 2015;36:S93–9.

[18] Fernandez FG, Falcoz PE, Kozower BD, Salati M, Wright CD, Brunelli A. The
Society of Thoracic Surgeons and the European Society of Thoracic
Surgeons general thoracic surgery databases: joint standardization of vari-
able definitions and terminology. Ann Thorac Surg 2015;99:368–76.

[19] Blackstone EH. Comparing apples and oranges. J Thorac Cardiovasc Surg
2015;123:8–15.

[20] Rosenbaum PR, Rubin DB. The central role of the propensity score in ob-
servational studies for causal effects. Biometrika 1983;70:41–55.

[21] Cohen J. Statistical Power Analysis for the Behavioral Sciences, 2nd edn.
Hilsdale, NJ: Lawrence Erlbaum Associates, 1988, 274–288.

[22] Austin PC, Mamdani MM. A comparison of propensity score methods: a
case-study estimating the effectiveness of post-AMI statin use. Stat Med
2006;25:2084–106.

[23] Falcoz P-E, Puyraveau M, Thomas P-A, Decaluwe H, Hurtgen M, Petersen
RH et al. Video-assisted thoracoscopic surgery versus open lobectomy for
primary non-small-cell lung cancer: a propensity-matched analysis of
outcome from the European Society of Thoracic Surgeon database. Eur J
Cardiothorac Surg 2016;49:602–9.

APPENDIX. CONFERENCE DISCUSSION

Dr G. Varela (Salamanca, Spain): I agree that the VATS approach is associated
with a lower rate of complications compared to open. You have tested the hy-
pothesis that this protective effect is also seen in patients with a VO2 max
under 15 ml/kg/min. There are some possible confounding factors in your data.
In the ESTS database, VATS is considered only if no rib spreader is used and,
under the term ‘thoracotomy’, different types are included: the classic postero-
lateral, axillary, and muscle-sparing posterior or lateral. According to some
papers in the literature, axillary mini-thoracotomy is followed by a statistically
lower rate of complications compared to posterolateral. I wonder how these
facts could influence your results?
Dr Begum: As you said, in the database it’s very difficult to determine what

type of thoracotomy patients have had. However, there was a publication last
year by Andreeti et al. which looked at VATS versus mini-thoracotomy.
Although they didn’t look at the morbidity and mortality, they looked at pain
scores, and they found that patients who underwent a VATS lobectomy still had
lower pain at 1, 12, 24 and 48 h following surgery.
Dr Varela: A second confounder in your data could be the different types of

perioperative care in different units. Intensive physiotherapy has a protective effect
in decreasing the rate of pulmonary complications. Can you comment on that?
Dr Begum: I acknowledge that this is a limitation of our dataset and it doesn’t

contain data regarding postoperative care and whether or not these patients
went on to intensive care or high dependency care, and a further, more
detailed study is required.
Dr Varela: You conducted a propensity score-matched analysis, matching

patients with low VO2 max or high VO2 max. I took the liberty of comparing
your patients with low VO2 max undergoing VATS or thoracotomy; I arranged
your cases on a 2 × 2 table, and the odds ratio I found was 1.2 with a confidence
interval of 0.4 to 4.3. There is no significant difference if you consider only
patients with VO2 max under 15.
Dr Begum: I acknowledge that that’s the case, but our dataset is limited by

the small number of patients we have with a low VO2 max in the database. And
I think if we actually tested patients with a lower VO2 max, say, of 10 ml/kg/
min, we may find that the data is more significant. It is difficult to do this with
such small numbers.
Dr E. Lim (London, UK): I think in Europe we must move away from VO2 max

for risk assessment. Our attitude and thinking are wrong. We should stop
studies saying that low VO2 max is associated with higher mortality. I accept
that. Everything shows that. The point in question is, what is your survival from
cancer if you have a low VO2 max, if you have an operation; the answer from
CALGB suggests that your survival will be twice as long. So my comment is,
please, stop using VO2 max as a risk assessment. It means nothing.
My second point is, do you think the results of VATS lobectomy could be a

reflection of the fact that the VATS surgeons were choosing patients with other-
wise lower stage, although their VO2 max was lower, with fewer comorbidities,
smaller tumours, and that the excellence of the VATS technical surgeons could
have made the difference rather than the access, which is VATS itself?
Dr Begum: So you are suggesting that the patients have been sub-selected so

that they are earlier stage?
Dr Lim: Yes.
Dr Begum: It is difficult to determine whether or not this is the case. Obviously

VATS lobectomy can only be performed up to a certain stage of tumour. But we
have compared like with like here, so tumour sizes have been matched. So I do
not think that this should be a confounding factor in this study.
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