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Introduction

Lung resection continues to be the treatment of choice
for localized bronchogenic carcinoma. Since many
affected patients also present significant comorbidity,
lung resection is associated with an appreciable risk of
operative complications and death. Consequently, it is
desirable for there to be a broad consensus among
professionals regarding the main variables associated
with surgical risk and the preoperative analysis that is
recommendable in each case.

These guidelines address some aspects of operability1

or functional operability2 of the patient, defined as the
capacity to tolerate surgical resection of the lung without
the procedure presenting a high risk of death or
incapacitating sequelae. Resectability1 or oncologic
operability3 is the preoperatively assessed capacity to fully
resect all of the bronchogenic tumor with a favorable
prognosis, whether demonstrated or presumptive.

These guidelines have been prepared based on expert
consensus, since most of the recommendations cannot
be based on clinical trials or other research methods
that result in a higher level of scientific evidence.

Patient Variables That Affect Surgical Risk

General Aspects

Age is considered an independent predictor of
mortality following lung resection.4 In a series of cases
published in 1986 it was found that 26% of patients with
diagnosed bronchogenic carcinoma were at least 70
years of age5; furthermore, in that study, inoperability
and rejection of the patient for surgery was more

common in the older group (5% in patients older than
70 years compared with 1.6% in those younger than
70). The probability of death associated with
pneumonectomy in patients at least 70 years old (14%)
is twice that of patients younger than 60 (6.5%).6

Currently, albeit with a low evidence level, surgery is
considered to be indicated or inadvisable on the basis of
a combination of variables: age, type of resection, and
tumor stage.1,7 Surgery is considered in patients more
than 70 years old when the tumor stage is IIC or below. A
negative factor is the requirement for pneumonectomy,
particularly if it is right sided. Patients more than 80
years old are considered operable when the tumor stage
is IC and lobectomy is indicated.

The presence or absence of comorbidity, tumor size
(in T2 tumors), and the opinion of the patient are some
of the factors that should be taken into account to reach
a final decision. For instance, a patient aged more than
70 years can be considered a candidate for surgery
when classified as having stage cIIIA cancer on the
basis of a 4 cm T3 (involvement of a rib through direct
invasion) N1 M0 tumor, without comorbidity and
treatable by lobectomy.

The performance status measures the degree of general
autonomy of the patient. An Eastern Cooperative
Oncology Group (ECOG) or World Health Organization
(WHO) score of 2 or more (“needs to be in bed for more
than 50% of normal daytime”),7 which is equivalent to a
Karnofsky index of 50%,1 is a cutoff point, if autonomy is
not recoverable, for the assessment of patient operability.

Comorbidity

Frequency and impact of comorbidity. Diseases
associated with bronchogenic carcinoma can influence
decisions made regarding the cancer itself in various
ways: the prognostic prediction,8 contraindication for
chemotherapy or radiotherapy, or in assessing the risk
of complications or death as a result of lung resection.9
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In these guidelines, comorbidity with bronchogenic
carcinoma is only considered in terms of its capacity to
influence the operability of the patient.

The frequency of significant comorbidity in
bronchogenic carcinoma (lung or heart disease, or
diabetes) is directly correlated with age: between 45
and 64 years, comorbid conditions are present in 26.6%
of cases; between 65 and 74 years, in 39% of patients;
and between 75 and 90 years, in 46% of patients.10

Thus, the probability of comorbidity increases with age. 
At the same time, the mean age of patients diagnosed

with bronchogenic carcinoma in Spain has increased in the
last 25 years. In a multicenter study of cases diagnosed in
the 1970s, the mean (SD) age was 60 (9.12) years11; in
another Spanish cooperative study of surgical cases
between 1993 and 1997 the mean age was 64 (10) years.12

Thus, comorbidity, as a possible determining factor
in the assessment of operability, will continue to be of
increasing importance in years to come.

In a study of 3516 patients who underwent lung
resection in United States Veterans Affairs Medical
Centers (88% of those resections were for treatment of
bronchogenic carcinoma), 39% also had chronic
obstructive pulmonary disease (COPD), 38% had
arterial hypertension, and 11% had diabetes mellitus.4

In Spain, a study of the incidence of bronchogenic
carcinoma in the autonomous community of Castile-
León in 1997 found that the disease occurred alongside
COPD in 50% of patients.13 In that study, heart disease
was present in 14% of patients diagnosed with lung
cancer, peripheral vascular disease in 9%, hypertension
in 11%, and diabetes mellitus in 7%.

In another Spanish study with close to 3000 lung
cancer patients who underwent surgery in 19 hospitals
between 1993 and 1997, 73% (n=2189) presented at
least 1 comorbid condition.3 COPD was associated with
bronchogenic carcinoma in 50% of patients (n=1504),
and of those, 32% had a forced expiratory volume in the
first second (FEV1) of less than 70% of the predicted
value. A direct relationship between age and probability
of comorbidity was also observed in that study. 

When comorbidity in general is used in the
assessment of operability, a patient is considered
inoperable when they have “severe, uncontrolled
associated disease, such as mental illness or any other
disease that seriously limits, permanently or for an
extended period, the most basic psychological and
physical capacities of the patient or has an intrinsic
prognosis that is fatal in the short term.”1

Systemic comorbidity. A recent review considered the
following factors to be predictive of complications
associated with lung surgery: hypertension,
hypoalbuminemia, obesity, diabetes mellitus, kidney
failure, and the presence of neuromuscular disease or
deforming disease of the chest wall.9 However,
peripheral vascular disease, cerebrovascular disease, or
the presence of carotid bruit were not considered to be
risk factors. In a Spanish assessment of predictors of

operative morbidity and mortality in bronchogenic
carcinoma, peripheral vascular disease was identified in
univariate and multivariate analyses as an independent
factor in postoperative morbidity and mortality.14

The guidelines recently published by the British
Thoracic Society indicate that patients with a history of
cerebrovascular accident or transient ischemia, or of
carotid bruit, require assessment by echo-Doppler and if
the obstruction is greater than 70% vascular surgery
may be considered prior to thoracotomy.7

Numerous correlations exist between weight and
operability. Low body weight index appears to function
as a risk factor for complications,7 while obesity is
considered to be a risk factor for any surgery, including
thoracic, due to the greater likelihood of atelectasis or
associated ischemic heart disease (more common in
women).15 Significant involuntary weight loss (more
than 10% of normal weight) is also considered a risk
factor for complications following lung surgery.16

Various studies have considered hypoalbuminemia to
be a consistent risk factor for complications.4,7,16 The
correction, where possible, of those parameters linked
to weight and nutrition can reduce the risk, and
nutritional treatment is advised for 7 to 10 days prior to
surgery in cases of recent weight loss of more than 10%
or serum albumin of less than 2.5 g/dL.16

Significant arterial hypertension (diastolic pressure
>110 mm Hg)15 and the presence of diabetes mellitus
(strong correlation with ischemic heart disease, frequently
silent)14,15 are also factors that increase risk due to
systemic disease.

It has recently been observed that the serum
concentration of lactate dehydrogenase can be a
predictive factor for pulmonary complications following
lobectomy for treatment of lung cancer.17

Heart disease. Ischemic heart disease, like COPD, is
assumed to be common in patients with lung cancer
since it shares a common etiologic factor, namely
tobacco. Furthermore, lung resection surgery can be
considered to represent a risk in patients with ischemic
heart disease since a substantial amount of pulmonary
vasculature is removed.

In a recent Spanish study, operative mortality in the
presence of heart disease (ischemic in the majority of
cases) was twice that in its absence, a finding that was valid
for both pneumonectomy (25% compared with 12%) and
other pulmonary resections (7.6% compared with 4.6%).18

In the assessment of patients with heart disease, some
guidelines recommend an electrocardiogram in all lung
cancer patients in whom surgery is anticipated and an
echocardiogram if they present cardiac murmur.7 In the
guidelines presented here, cardiac assessment will not be
considered in depth. Readers are directed towards the
publications of the Spanish Society of Cardiology and the
professional associations for cardiology in the USA.19,20

Lung disease. Patients with COPD, cryptogenic
fibrosing alveolitis, or silicosis are at increased risk of
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developing bronchogenic carcinoma independently of
smoking habit.21-23 In addition, to be oncologically
valid, surgical treatment of bronchogenic carcinoma
generally requires resection of nontumorous lung tissue.
The combination of these factors can lead to uncertainty
regarding the operability of the patient.

SEPAR has recently published guidelines on COPD
that include considerations regarding surgery.24 The
guidelines include both perioperative measures and the
description of an algorithm for use in making decisions
on COPD patients who are candidates for lung
resection. The British Thoracic Society has also
produced an algorithm for the same purpose.7 Both
consider COPD as a uniform disease and the calculation
of postoperative FEV1 as fundamental to assessment.
However, postoperative FEV1 following lung resection
has been found to increase or remain unchanged
compared with the preoperative value in up to 18% of
cases of bronchogenic carcinoma with a preoperative
FEV1 of less than 2.5 L25; in the cases that have been
described, this response is significantly more frequent
in cases of lobectomy and where lung function is more
substantially reduced. This observation, which has been
reported previously,26 increases the uncertainty
associated with decisions. In the guidelines presented
here, other more precise assessments are described that
improve the accuracy of risk predictions in the presence
of comorbid pulmonary conditions.

Multiparameter methods. In a study addressing
postoperative morbidity following surgery for
bronchogenic carcinoma, the best associative model
combined functional variables (carbon monoxide
diffusing capacity of the lung [DLCO] and predicted
FEV1), endoscopic variables (obstructed segments to be
resected), clinical variables relating to comorbidity
(COPD and systemic arterial hypertension), and a
pathologic TNM classification variable (pN).27

In another recent study of cardiorespiratory
morbidity, the associated variables included, along with
functional and therapeutic variables, the presence of
comorbid conditions (ischemic heart disease,
arrhythmias, and diabetes) and tumor staging.28

Multiparameter risk indices for lung resection
surgery have included the assessment of nonfunctional
cardiorespiratory variables, among others. One of these
systems combines variables such as sex, history of
smoking, serum albumin, lymphocyte count, and the
presence of diabetes for the prediction of postoperative
morbidity.29

The comorbidity index described by Romano et al30

includes a mixture of diseases in which each one has a
particular score. The following diseases are considered:
ischemic heart disease, congestive heart failure,
peripheral vascular disease, cerebrovascular disease,
chronic renal failure, diabetes mellitus, severe liver
disease, and presence of COPD and/or malignancy. This
index has been used in combination with other factors
to predict risk groups for lung resection.31 The most

significant risk group, according to that study, is the
group in which resection for bronchogenic carcinoma is
combined with an FEV1 of 80% or less of predicted and
a comorbidity index of at least 4. With that
combination, the probability of operative mortality is
24%. A comorbidity index of 4 is reached with the
presence of COPD and diabetes mellitus.

Another study evaluated the risk of cardiac
complications in stable patients undergoing elective
major noncardiac surgery.32 The simple index derived in
that study would allow a wide range of probabilities of
cardiac complications to be predicted: from 0.4% to
11%. The variables considered were type of surgery and
history of ischemic heart disease, congestive heart
failure, or cerebrovascular disease. Although the
simplicity of this index makes it useful, it may be that it
is not applicable to all surgical areas; such indices are
valid as general guides more than for the accurate
calculation of risk.33 When different indices for the
prediction of cardiac risk have been compared
(American Society of Anesthesia index, Goldman
index, etc), all have been observed to have a similar
area under the receiver operating characteristics (ROC)
curve of around 0.6 to 0.7.34 Although such values
suggest that those systems perform better than chance
in their capacity to predict risk, they are still far from
sufficient. There is still a high probability of
uncontrolled variability in the proposed indices.

Preoperative Assessment of Lung Function 

Arterial Blood Gas Analysis

Although arterial blood gas analysis has little value
for the prediction of inoperability in patients who are
candidates for lung resection, it is nevertheless an
obligatory and routine analysis for the assessment of
those patients.

A PaO2 of less than 50 to 60 mm Hg is considered a
risk factor for lung resection and a contraindication for
surgery.35-38 However, before ruling out surgery for a
patient, assessment of the PaO2 response during
exercise is recommended.7 Further reduction in PaO2 is
considered a contraindication for surgery. In contrast, if
PaO2 remains stable or increases, the patient is
considered operable, albeit with high surgical risk.

PaCO2 functions as an indicator of alveolar ventilation.
Patients with persistently increased PaCO2—more than 45
mm Hg—in whom neuromuscular disease and drug-
induced hypoventilation have been ruled out are at high
surgical risk.39,40 Sustained hypercapnia implies chronic
respiratory failure and increased surgical risk, and surgery
should be ruled out in such patients. Nevertheless, some
authors have failed to detect an increased risk of morbidity
or mortality,40-42 meaning that, of itself, hypercapnia is not
a criterion for exclusion but, rather, can be decisive when
considered alongside other preoperative assessment tests.
It can be of interest to determine whether patients are able
to adequately perform an exercise test.7,43



Spirometry

Abnormal respiratory function is a risk factor for
postoperative morbidity and mortality, as well as for
possible long-term incapacity and poor quality of life as
a result of respiratory failure. That risk depends on both
preoperative lung function and the extent of the surgery
to be performed.

Just as FEV1 is the main prognostic factor in COPD,
it is also the main and most reliable factor in the
identification of patients at high surgical risk.7

All patients for whom lung resection is planned
should therefore undergo spirometry, which should be
performed when the patient is clinically stable and
receiving maximum medical treatment. Thus, the values
that will be taken into account are measured following
bronchodilation, and in patients with obstruction of
respiratory flow, spirometry can be repeated after 1 or 2
weeks of intensive bronchodilator treatment.

Recommendations regarding the minimum acceptable
value of FEV1 vary from one study to another and none
of them establish a clear, definitive limit.41,44,45

In some recent studies, an FEV1 of more than 2 L for
pneumonectomy and greater than 1.5 L for lobectomy
has been considered to be indicative of a mortality rate
of less than 5%,7 suggesting that those values are safe
for their respective types of lung resection so long as
the patient does not present signs of interstitial lung
disease—in that case, other functional tests, such as
analysis of DLCO, are required because they allow
better assessment of a patient’s respiratory capacity.
However, it is more appropriate to use percentages of
the theoretical value rather than absolute values. Some
authors define the safety limit for resection as an FEV1
of more than 80% of the theoretical value.41,46 Below
this level it would be recommendable to perform other
screening tests; however, the level of scientific evidence
is insufficient to recommend a specific cutoff point. 

For those authors who continue to use absolute
values, if the FEV1 is between 0.8 and 2.0 L, more tests
are required before a decision is made; such tests
include calculation of the postoperative FEV1 or others
that will be described below. An FEV1 of less than 800
mL would be considered a criterion for directly ruling
out surgery, since such a value would be associated with
a greater likelihood of hypercapnia, lower exercise
tolerance, and increased mortality due to respiratory
failure. However, as the absolute value of FEV1 does
not have the same significance in different individuals
due to variations according to age, sex, height, and race,
the use of 30% of the theoretical FEV1 in place of the
classic value of 800 mL is recommended as an indicator
of inoperability.

DLCO

Studies have shown that DLCO is a good indicator of
pulmonary complications following lung resection and it
has been suggested that this predictive capacity can also
be extended to mortality.47,48 In light of this, although

DLCO is not routinely analyzed in the preoperative
assessment of lung cancer, it is recommended when
interstitial lung disease is suspected that may not be
apparent with spirometry,7 in patients with dyspnea that
cannot be accounted for by lung volumes and cardiac
dysfunction, and in patients who have received induction
chemotherapy (as will be discussed below).

A value for DLCO of less than 60% is indicative of
inoperability for pneumonectomy and when less than
50% for lobectomy; this would indicate that further
tests should be performed prior to rejecting the patient
for surgery.

Estimation of Postsurgical Lung Function

Assessment of Unilateral Function

Studies using radioactive isotopes facilitate
assessment of the regional distribution of ventilation
(using 133Xe) or perfusion (using 99Tc-labelled albumin
macroaggregates). Ventilation-perfusion scintigraphy is
currently the most widely used technique for the
estimation of postsurgical lung function due to its ease
of use and widespread availability.

Calculation of Postsurgical Lung Function

1. Through measurements of unilateral function.
Calculations are performed through simple equations
using information derived from a technique for the
measurement of unilateral function, usually quantitative
lung scintigraphy. Quantification of the distribution of
perfusion is performed based on the signal emitted by
the radioisotope in each hemithorax, the value of which
is divided by the sum of the counts emitted in the 2
hemithoraxes.

Although the counts are normally analyzed in the
posterior plane,37 some authors average the results
obtained in the anterior and posterior planes.49

The following formula is normally used to estimate
the predicted postoperative FEV1 (FEV1-ppo) in the
case of pneumonectomy:

FEV1-ppo = FEV1-pre × (1–
% perfusion of lung to be resected)100

While the following is used in the case of lobectomy:

where FEV1-pre indicates preoperative FEV1 (usually
the value obtained following administration of a
bronchodilator).

Numerous studies have demonstrated a good correlation
between the value of FEV1-ppo calculated from the results
of quantitative lung perfusion scintigraphy and the value
measured following the intervention.41 Nevertheless, there
are certain limitations to the prediction when the degree of

VARELA-SIMÓ G, ET AL. GUIDELINES FOR THE EVALUATION OF SURGICAL RISK IN BRONCHOGENIC CARCINOMA

Arch Bronconeumol. 2005;41(12):686-97 689

FEV1-ppo = FEV1-pre × [1 – (
% perfusion of

×  

number of segments
lung to be resected in lung to be resected)]100 number of

segments in lung



perfusion in a tumor-containing lung is low, since there is a
tendency to overestimate the predicted postoperative
value.50 In addition, the correlation between the surgery
that is programmed and that which is performed is not
perfect, thereby increasing the inaccuracy of the calculated
FEV1-ppo.51

As with FEV1-ppo, it is possible to estimate the
postoperative value of the DLCO (DLCO-ppo)49,52 and
that of the maximum oxygen consumption during
exercise ( 

.
VO2max-ppo).52-54

2. Based on the number of resected segments. Some
authors have employed a simple alternative for the
calculation of postsurgical lung function—without
performing studies of unilateral function—based only on
the number of segments removed during surgery.55 The
following formula is used to calculate the FEV1-ppo:

FEV1-ppo = FEV1-pre ×
19 – n

19

where n is the number of segments to be resected and
19 is the total number of segments in both lungs.

Using this method, a group observed good
correlations with the value measured following the
intervention when the preoperative value for FEV1 was
greater than 55% of the predicted value.55 In the same
study, the formula was also applied to the calculation of
DLCO-ppo and a good correlation was obtained with
the value measured following the intervention.

Expression of the results. Although the results of
FEV1-ppo can be expressed in units of volume (L or
mL), as mentioned, expressing the value in absolute
terms is of little use, since FEV1 depends on the sex,
age, and height of the individual. Consequently, it is
always preferable to express FEV1-ppo as a percentage
of the reference value.

DLCO-ppo is usually expressed as a percentage of
the reference value..

VO2max-ppo has been expressed in mL/min/kg56;
however, for the reasons mentioned, it is more
appropriate to express it as a percentage of the reference
value.

Multifactorial parameters. Recently, the concept of
predicted postoperative product has been developed55;
this variable is the product of FEV1-ppo multiplied by
DLCO-ppo, both expressed as percentages of the
reference value.

Clinical implications. Numerous studies have
demonstrated that the parameters obtained in the
estimation of postsurgical lung function are good
predictors of the possibility of postoperative
complications. The most widely evaluated parameter is
FEV1-ppo, which has been demonstrated to have
predictive value for postoperative complications in both
unselected populations41 and in populations selected on

the basis of increased risk.57 Low values for DLCO-ppo49

and
.

VO2max-ppo56 have also been linked to an increased
risk of developing postoperative complications. 

A low value for the predicted postoperative product
(<1650) has been correlated with an increased risk of
postoperative death.55,57 Despite the numerous studies
performed in this field, it has not been possible to
establish clear limits for the parameters derived from
estimation of postsurgical lung function to allow a
contraindication for surgery to be accurately established. 

Exercise Testing

The pathophysiologic process that links the results of
measurements made during exercise with surgical
complications is not clear. In theory, when functional
demands on the respiratory, circulatory, and oxygen-
transport systems are increased, dysfunction that is not
appreciable in tests performed at rest will be revealed,
and in the case of chest surgery, it will become apparent
whether or not the patient has sufficient reserves to
tolerate the intervention.

Studies that have analyzed the value of exercise tests
in the prediction of surgical risk can be grouped into 2
categories: those that evaluate exercise tolerance—the
ability to perform a certain task such as climb stairs—
and those that analyze the predictive capacity of certain
variables obtained during exercise testing.

Analysis of Exercise Tolerance

Various studies have analyzed the predictive value of
assessing the ability to perform a specific task such as
walk a certain distance in a set period of time58,59 or
climb a set number of stairs.60 Patients who are able to
complete those tasks, which in most cases require
vigorous effort, can be considered to be at low
perioperative risk. However, the results of those studies
have not led to the definition of a precise relationship
between tolerance and risk or the association of a
tolerance criterion with an unacceptable risk of death.
To date, comparisons of the predictive capacity of
exercise tolerance tests with that of testing baseline
function have failed to yield a clear conclusion
regarding morbidity and none has analyzed a
sufficiently large sample to allow a conclusion to be
drawn regarding the superiority or inferiority of
exercise tolerance compared with baseline function in
the prediction of perioperative mortality.

Maximum Oxygen Consumption

The relationship between maximum oxygen
consumption during exercise ( 

.
VO2max) and perioperative

risk has been the subject of numerous studies since the
1980s. Due to space limitations, we will only refer to a
small number of the studies that we consider most
relevant. Assessment of

.
VO2max has been proposed as a

second step in the evaluation of operative risk—in other
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words, prior to undertaking quantitative scintigraphy to
estimate postoperative function.46 In the light of available
information, this is a reasonable alternative if the
necessary equipment is available. Various studies have
shown a correlation between 

.
VO2max and death following

resection.56,61 Bolliger et al56 reported that none of the
surviving patients in their study had a  

.
VO2max-ppo of less

than 10 mL/min/kg, while in the article of Larson et al61 a.
VO2max of less than 50% separated the patients who died
from cardiopulmonary causes from those who did not..

VO2max has also been correlated with postoperative
cardiorespiratory morbidity with a cutoff point of
20 mL/min/kg for 

.
VO2max and 15 mL/min/kg for

oxygen uptake corresponding to the lactate
threshold ( 

.
VO2LT).62,63

Puente et al,64 studying patients with chronic
airflow limitation and FEV1 between 0.8 and 2 L,
observed correlations between cardiorespiratory
complications and size of resection, ratio of residual
volume to total lung capacity (RV/TLC), DLCO-ppo
(but not FEV1-ppo),

.
VO2max, and 

.
VO2max-ppo.

Both
.

VO2max and 
.
VO2max-ppo showed a significantly

stronger correlation than baseline functional
parameters. The best cutoff points were 13 mL/min/kg
for

.
VO2max-ppo and 17 mL/min/kg for 

.
VO2max. These

cutoff points had high negative predictive values
(90%) but the positive predictive values were low
(75% and 60% for 

.
VO2max-ppo and

.
VO2max,

respectively). Multivariable models did not improve
the predictive capacity. In contrast, other authors did
not observe a correlation between postoperative
complications and preoperative exercise capacity65;
however, those authors included technical problems
such as persistent air leaks, excessive blood loss,
wound infection, and empyemas among the
complications. Boysen et al66 studied 17 patients with
excellent function. They did not observe a correlation
between

.
VO2max, maximum minute ventilation during

exercise limited by symptoms 
.
VEmax), or maximum

O2 pulse obtained during a maximal treadmill exercise
tolerance test and the incidence of postoperative
cardiopulmonary complications. The ratio of 

.
VEmax

or heart rate to their theoretical values was correlated
with the overall occurrence of complications but not
specifically with cardiopulmonary complications. In
the study of Markos et al,49

.
VO2max did not differ

between patients according to the presence or absence
of complications. However, FEV1-ppo, DLCO,
DLCO-ppo, and desaturation during exercise did vary
between patients with or without complications. In
that study, half of the patients had an FEV1 of more
than 2 L and only 6% had an FEV1 of less than 50%.
Ribas et al57 obtained comparable results using
spirometric criteria to assess high-risk patients.

Some studies have obtained satisfactory results in efforts
to describe the rate of mortality and morbidity in small
samples of patients considered inoperable on the basis of
predicted postoperative function but whose

.
VO2max was

greater than 10 mL/min/kg or 15 mL/min/kg.67-69

The reason for the discrepancies between studies that
have attempted to correlate 

.
VO2max with postoperative

morbidity and mortality is not clear. In some cases it may
be due to variations in patient selection leading to
differences in the heart or lung function of the sample
used. There are also differences between the type of
complications considered, the complications presented by
the patients studied, and the diagnostic criteria employed.
There may have been differences in the methods used in
exercise testing or in the cooperation of the subjects.
Finally, differences may have been present in the
measures employed to prevent and treat complications.

Lactate Threshold

In a study by Miyoshi et al70 the
.

VO2 per m2 of body
surface in which a specific concentration of lactate was
found (20 mg/dL) predicted mortality but not morbidity.
In a study of 31 patients, the same group reported that the
best index with which to predict mortality was the
oxygen delivery when lactate was at a level of 20 mg/dL.
Another study found that patients with a  

.
VO2LT of more

than 15 mL/min/kg did not present complications.63

Hemodynamic Studies During Exercise

Analysis of pulmonary artery occlusion during
exercise has been employed for many years without
clearly demonstrated utility. Although variations in the
left ventricular ejection fraction during exercise have
been reported to correlate with postoperative morbidity
following lung resection,71 a review of numerous recent
studies reveals no evidence that any hemodynamic
study during exercise improves upon less invasive
studies for the prediction of risk, and consequently,
such studies are not recommended.57,67,72,73

Desaturation During Exercise

Although numerous studies have observed a
correlation between desaturation during exercise and
postoperative risk,74 some other authors found that
while FEV1-ppo was a predictor of complications,
desaturation was not.42,75

Desaturation during exercise appears to be linked to a
high risk of cardiorespiratory complications. However,
there is insufficient evidence to determine whether it is
a better criterion than others based on a 

.
VO2max of more

than 15 mL/min/kg or on estimates of FEV1-ppo or
DLCO-ppo.

Surgical Risk According to Type of Intervention

Anesthetic Technique

The use of an appropriate anesthetic technique during
lung resection is sufficiently important to significantly
affect the risk associated with the procedure. Patients
considered to be at very high risk can undergo lung
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resection if the anesthetist is an expert in working with
that type of surgery. Furthermore, various technical
innovations that fall outside the remit of these
recommendations also have a decisive influence.76

Pathophysiology. Various physiologic changes that
occur during thoracotomy can aggravate existing
respiratory function problems.

1. Changes in the ventilation-perfusion ratio. In
lateral decubitus, gravity causes the uppermost lung to
be the best ventilated and the lower lung the best
perfused. Furthermore, general anesthesia causes a loss
of diaphragmatic tone that, combined with the position
in decubitus, leads to a reduction in lung volumes as a
result of the more elevated position of the diaphragm.
This leads to a reduction of between 16% and 20% in
the residual functional capacity (FC), irrespective of the
anesthetic used, and reduces both the expiratory reserve
volume and the lung compliance. The closing capacity
reduces in line with the residual FC, meaning that the
risk of intrapulmonary shunt is similar.

The reduction in residual FC places the upper lung in
the favorable zone of the pressure-volume curve—in
other words, it is more elastic—and, therefore, the
positive pressure that is produced during mechanical
ventilation facilitates improved distension.

2. Single-lung ventilation. Thoracic surgery requires
collapse of the uppermost lung, meaning that, initially,
that lung is no longer ventilated while unoxygenated
blood flow is maintained. Consequently, the alveolar-
arterial oxygen gradient increases and there is a 20% to
30% increase in right-left shunt and, with it,
hypoxemia.77 Faced with this situation, the body
initiates a compensatory mechanism—hypoxic
pulmonary vasoconstriction78—that diverts flow from
the uppermost, unventilated lung to the lower, ventilated
lung, the shunt is reduced, and gas exchange is
improved. Intolerance of lung collapse can be suspected
and assessed preoperatively. However, anesthetists can
use various different techniques to improve
oxygenation. Among the most effective are an increase
in the fraction of inspired oxygen (FiO2), periodic
inflation of the collapsed lung, and a continuous
positive pressure of 5 to 10 cm H2O in the collapsed
lung, although this can interfere with surgery.79

Surgical Approach

Surgical resection of the lung can currently be
performed using 3 different procedures: standard
thoracotomy, muscle-sparing thoracotomy, and video-
assisted thorascopic surgery (VATS).

Although the clinical implications are not known,
there is evidence in the literature that the use of VATS
procedures reduces the reactive response in the acute
phase of the immediate postoperative period compared
with other more aggressive procedures.80-82

In terms of the relationship between surgical
approach and surgical risk, some authors claim that
VATS reduces the adverse effects of lung
resection.81,83,84 However, it has not been possible to
demonstrate such an advantage in randomized clinical
trials,85 and evidence is even lacking for a correlation
between the use of muscle-sparing rather than standard
thoracotomy and favorable postoperative evolution.86

Type of Surgery Performed

There is a direct relationship between the extent of
surgery and the rates of morbidity and mortality.87

However, this variable is not independent of the
respiratory function or exercise capacity of the patient.
Furthermore, the extent of resection is directly related
to tumor stage.

Segmental resection, especially atypical segmentec-
tomy, is recommended in patients with small, peripheral
tumors who cannot tolerate lobectomy. However, the
well-known clinical trial reported by the Lung Cancer
Study Group88 demonstrated that the advantages of
segmentectomy over lobectomy in terms of reduced lung
volumes disappeared a year after surgery. Furthermore,
there is evidence suggesting that the effect of lobectomy
on lung volumes is limited in COPD patients.89 Keenan et
al90 concluded that segmental resection leads to less
reduction of lung function; however, their study involved
2 case series that were not comparable. 

If the risk of surgery is extreme and the tumor small,
comorbid conditions probably have a worse prognosis
than that of the cancer, meaning that resection of the
tumor is not indicated.

Pneumonectomy appears as a significant risk factor in
the majority of multivariate analyses performed to
identify factors that determine morbidity and
mortality.14,36,87,91-93 Interestingly, mortality following
right pneumonectomy is higher than following
left.87,92,94,95 For instance, Wahi et al96 reported a mortality
rate of 12% following right pneumonectomy compared
with only 1% for left pneumonectomy. The explanation
for this finding is not completely clear but appears to be
linked to greater reduction in lung function and
increased risk of developing a bronchial fistula,
empyema, and pulmonary edema following resection.97

According to one study, the appearance of a
postoperative bronchial fistula is fatal in 70% of
patients that present it.98 Furthermore, the following
factors are significantly associated with the
development of a bronchial fistula: presence of a tumor
in the bronchial stump, requirement for prolonged
postoperative mechanical ventilation, and mediastinal
lymph node dissection.99 Once again, we find that the
risk of pneumonectomy is associated with other
variables such as tumor extension. 

The use of bronchoplastic procedures is a valid
alternative to pneumonectomy for the treatment of
benign or malignant central bronchial lesions,
particularly if the patient has limiting lung function.
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Survival of patients with bronchogenic carcinoma
treated by bronchoplastic resection has been shown to
be similar to those treated by standard resection.73,100-103

Although a 10.3% local recurrence rate has been
reported following bronchoplastic resection,104 the rate
of morbidity and mortality is similar102,104 or lower103

than that registered for pneumonectomy; as such, the
technique offers clear advantages.101 Of course, the
incidence of postoperative respiratory failure is
significantly higher in patients who have undergone
pneumonectomy (7% vs 1.7%).102

Compared with standard resections, an increase in
major respiratory complications has been observed when
resection is extended to organs or chest structures other
than the lungs that also leads to a significant increase in
mortality.105,106 For instance, in the series published in
1994 by Busch et al107 there was no significant
difference in mortality according to the procedure except
when considering extended resections, in which case
mortality associated with lobectomies increased up to
25%. In addition, respiratory complications were
directly responsible for 33% of deaths and contributed in
some way to the deaths of 50% of patients who died
following extended resection.

Postoperative Care

As mentioned in relation to anesthetists, nursing staff
and respiratory physiotherapists can have a significant
impact on operative mortality and morbidity.

Prevention of ventilatory problems. Early extubation
contributes to a reduction in barotrauma and the
possibility of infection. When this is not possible, the
double-lumen tube should be replaced with a standard
tube that allows better bronchial cleaning.

Respiratory work is increased in the immediate
postoperative period in the same way that lung elasticity
is reduced according to the amount of tissue resected.
Accumulation of bronchial secretions, microatelectases,
increased lung fluid, and reduced surfactant activity
aggravate this situation.108-110 In addition, the maximum
force that can be generated by the diaphragm is reduced
and posterolateral thoracotomy leads to a greater
postoperative reduction in respiratory muscle force,
especially in older patients, in whom postoperative
recovery of respiratory muscle force is slower.109,111

Hypoxemia and respiratory acidosis are, therefore,
frequent findings in the first 3 days following chest surgery
and are usually due to atelectasis, superficial breathing due
to pain, and transudation of liquid with pulmonary edema
following reinflation of the collapsed lung. As pointed out
by Watkins and Lumb,112 these factors mean that a series
of general measures should be considered, such as
maintaining the patient in a semiupright position and with
supplementary oxygen (FiO2, 0.4-0.5), with respiratory
and hemodynamic monitoring, monitoring of hypothermia
for at least 24 hours, and provision of adequate analgesia.
However, these changes usually return to normal within

the first week; although 50% of patients can remain
hypoxemic on the 5th day. Nevertheless, there is a poor
correlation between the extent to which gas exchange is
compromised and the presence of detectable pulmonary
complications.113,114

The literature does not contain evidence that either
postoperative respiratory physiotherapy or incentive
spirometry reduce the risk of complications following
lung resection,115 probably because it has yet to be
studied in this particular type of surgery. However, it
has been demonstrated that preoperative muscular
training improves lung function in high-risk patients
who are going to undergo resection.116

Circulatory alterations and transfusion of blood and
blood derivatives. Although water balance must be
monitored particularly carefully in patients subjected to
pneumonectomy, mainly right sided, to prevent pulmonary
edema, the appearance of this complication also seems to
be affected by other factors such as prolonged surgery,
hyperinflation and distention of the parenchyma, and
transfusions, particular when they are cold.117

The requirement for blood transfusion in chest
surgery patients is usually associated with perioperative
vascular problems or, more frequently, complex and
highly hemorrhagic techniques. Some authors have
stated that the prevalence of hemorrhage in thoracic
surgery is 16%.118 Nevertheless, it is necessary in
programmed chest surgery to initially type and cross
match blood, and later assess whether there are risk
factors that necessitate administration of platelets to
improve oxygen delivery, along with the various
possibilities for their administration. It is
recommendable to maintain a cannula in a large vessel
during the postoperative period and keep a blood
warmer and a rapid infusion system available. Since
there is no evidence to indicate that light or moderate
anemia increases perioperative morbidity, most clinics
decide to transfuse when the hemoglobin level falls
below 7 to 8 g/dL,119 except in patients with myocardial
infarction or unstable angina, in whom a minimum
hemoglobin level of 10 g/dL is usually preferred.120

Analgesia. Analgesia not only improves the comfort
of the patient, it also allows respiratory physiotherapy
to be undertaken, thereby preventing accumulation of
secretions and, therefore, reducing the likelihood of
atelectasis and secondary infection. In general, regional
techniques appear to be better than intravenous
analgesia, since they avoid respiratory depression,
particularly in patients with reduced lung function.
Epidural or paravertebral analgesia can be used with
both local anesthetics and opiates. In principle, the
paravertebral route121 is more indicated because, in
addition to presenting a reduced likelihood of peridural
hematoma by virtue of the fact that it does not act on
the midline, it localizes the analgesia to the treated
hemithorax. Given the proven efficacy of multimodal
therapies, both should be combined with intravenous
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nonsteroidal antiinflammatory drugs. Another option is
intercostal nerve block performed by the surgeon at the
end, or better, at the beginning of the procedure, since it
provides excellent analgesia during the most immediate
postoperative period. In contrast, intrapleural
anesthesia122 does not enjoy a good reputation, since no
studies have successfully demonstrated its benefits.

Adverse effects of other drugs. In addition to opiates
and sedatives, there are other drugs that can have
adverse effects on the central nervous system.123

Examples of such adverse effects include the following:

– H2 antihistamines, cimetidine, and lidocaine can
cause respiratory depression.

– Drugs that cause respiratory alkalosis (bicarbonates
and diuretics) can also reduce respiratory stimulation.

– Some other drugs, such as captopril and
amiodarone, can trigger neuropathy. As pointed out by
Aldrich and Prezant,123 numerous drugs can have the
side effect of triggering neuromuscular blockade.
Notable among these are the following: antibiotics
(aminoglycosides, penicillins, macrolides, and
tetracycline), calcium channel blockers (mainly
affecting the diaphragm), steroids (by postsynaptic
inhibition of neuromuscular transmission), and,
logically, muscle relaxants.

Influence of Induction Chemotherapy

The increasingly common use of multimodal
therapies in patients with bronchogenic carcinoma and,
in particular, the use of induction chemotherapy124 make
it necessary for them to be considered in relation to
morbidity and mortality, since they can influence
surgical risk. In some publications, induction
chemotherapy has been suggested to cause an increase
in morbidity and mortality,31,125 particularly of an
infectious or cardiovascular nature, mainly in patients
who have undergone pneumonectomy. However, that
finding has not been confirmed in other studies.126

Recent findings suggest that lung volumes are not
good indicators of surgical risk in patients receiving
induction chemotherapy and it has been recommended
that DLCO be measured in all cases.127

Recommendations

General Considerations

The considerations that figure in these
recommendations cannot be taken as absolute criteria.
There are no indisputable limits for the operability of a
patient with lung cancer and any doubtful case should be
discussed individually by an interdisciplinary team that
includes all professionals involved in the process (thoracic
surgeons, anesthetists, intensive care physicians,
pulmonologists, oncologists, and others).

General Condition and Comorbidity

– Patient age alone is not a variable that allows
decisions to be made on operability.

– Pneumonectomy and extended lobectomy are not
recommended in individuals more than 80 years of age.

– Lung resection of any type is not recommended in
patients with an ECOG or WHO score of 2 or more, or
a Karnofsky score of 50% or less.

– Any comorbid condition with a prognosis
demonstrated to be worse than that of bronchogenic
carcinoma without surgical treatment should be
considered a criterion for inoperability.

– In the presence of carotid or coronary stenosis with
an indication for surgery, that surgery should be
performed prior to lung resection.

Assessment of Lung Function (Figure)

– All patients in whom lung resection is indicated for
treatment of bronchogenic carcinoma should be
assessed by arterial blood gas analysis and forced
spirometry.

– Assessment of DLCO is recommendable in all cases
and is obligatory in patients with interstitial lung
disease, unexplained dyspnea, and/or receiving
induction chemotherapy, independently of lung volumes.

– Lung function should be assessed when patients are
clinically stable and with maximal bronchodilation,
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Figure. Algorithm for the assessment of surgical risk in patients who are
candidates for lung resection surgery. (The criteria summarized in this
algorithm should not be considered indisputable. There are no absolute
limits and doubtful cases should be assessed by a multidisciplinary team.)
DLCO indicates carbon monoxide diffusing capacity of the lung; FEV1,
forced expiratory volume in the first second; FEV1-ppo, predicted
postoperative FEV1;

.
VO2max, maximum oxygen consumption during

exercise.
*Blood gas values do not constitute absolute criteria for operability.
†Calculation of DLCO is recommended in all cases and is obligatory in
patients with dyspnea that cannot be accounted for by lung volumes,
interstitial disease, or in those receiving induction chemotherapy.
‡Although the patient may be considered operable, it is not without
substantial risk. 
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following a period of abstinence from smoking.
Optimization of drug treatment is obligatory prior to
surgery.

– If FEV1 is greater than 80% of the theoretical value
then no further tests are required. Otherwise, FEV1-ppo
should be calculated for the proposed resection.

– Lung perfusion scintigraphy with 99Tc in the
posteroanterior and anteroposterior planes is
recommended for the calculation of postoperative lung
function. Where this is not possible, it is acceptable to
perform a calculation based on the number of functional
segments that are to be resected.

– If DLCO is less than 60% of the theoretical value
(50% for lobectomy), other tests are necessary in order
to calculate postoperative lung function.

– Surgery is not advised when FEV1-ppo is less then
30% of the theoretical value.

Exercise Tests

– Oxygen consumption during exercise should be
tested in patients with FEV1-ppo and/or DLCO less
than 40%.

–
.

VO2max of at least 10-15 mL/min/kg identifies
operable patients, albeit with a significant operative risk.

–
.

VO2max of less than 10-15 mL/min/kg is a
contraindication for lung resection.

– Invasive hemodynamic studies are not recommended
in the assessment of risk associated with lung resection.

Techniques and Perioperative Treatment

– No scientific evidence exists that wedge resection
of the lung offers an appropriate balance between risk
and effectiveness for the treatment of bronchogenic
carcinoma.

– There is no scientific evidence to support minimally
invasive surgery as a technique that reduces either
morbidity or mortality in the general population
following lung resection. However, on the basis of its
reduced influence on the serum concentration of
reactants during the acute phase, its use is recommended
in patients at high risk.

– Bronchoplastic procedures should be used in place
of pneumonectomy whenever it is considered
technically feasible and oncologically appropriate.

– Lung resection for bronchogenic carcinoma is not
recommended in surgical teams that do not contain
surgeons, anesthetists, and nursing and physiotherapy
staff who are specifically trained in this area.
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