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B ABSTRACT

Lung resection provides the greatest likelihood of cure

for patients with localized lung cancer, but is associated
with a risk of mortality, decreased postoperative lung
function, and other complications. Lung function test-

ing using spirometry, diffusing capacity of the lung for
carbon monoxide, and peak oxygen consumption helps
predict the risk of postoperative complications including
mortality. Predicting postoperative lung function using the
proportion of lung segments to be resected, radionuclide
scanning, or other methods is important for assessing
surgical risk. The American College of Chest Physicians,
the European Respiratory Society/European Society

of Thoracic Surgeons and the British Thoracic Society
guidelines provide detailed algorithms for preoperative
risk assessment, but their recommended approaches differ
somewhat. Smoking cessation and pulmonary reha-
bilitation are perioperative measures that can improve
patients’ the short- and long-term outcomes.

or patients with localized lung cancer, lung
resection provides the highest likelihood of
a cure. However, only about 20% to 30% of
patients are potential candidates for surgical
resection because of the stage at which the disease
is diagnosed or because of comorbid conditions."?
In one study, poor lung function alone ruled out
more than 37% of patients who presented with ana-
tomically resectable disease.> The poor prognosis for
patients who do not undergo surgery, the likelihood
of early mortality from lung resection, and the poten-
tial for loss of lung function following resection are
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all important considerations in the preoperative pul-
monary evaluation of candidates for anatomical lung
resection.

M PROGNOSIS OF LUNG CANCER POOR WITHOUT
SURGICAL RESECTION

Several studies support the poor prognosis of lung
cancer patients who do not undergo resection. In
one study of 1,297 screen- and symptom-detected
patients, the median duration of survival without sur-
gery was 25 months for patients with screen-detected
stage | lung cancer (n = 42) and 13 months for those
with symptom-detected stage 1 disease (n = 27).*
Another study of 799 patients with stage I lung can-
cer who were not treated surgically reported 5- and
10-year survival rates of 16.6% (n = 49) and 7.4%
(n = 49), respectively’ In a study of 251 patients
with squamous cell carcinoma on sputum cytology,
yet negative chest imaging, the 5-year and 10-year
survival rates were 53.2% and 33.5%.° Another study
of 57 patients with potentially resectable disease who
did not undergo surgery reported a median survival of
15.6 months, compared with 30.9 months for a group
of 346 patients who underwent resection.’

B PREDICTORS OF SURGICAL MORTALITY

Several large patient series describe perioperative
mortality and the rate of complications for patients
undergoing surgical resection for lung cancer.
Reported surgical mortality rates in these studies vary
from approximately 1% to 5%.2%'° The median age
of patients in most of these studies was 65 to 70 years,
and many patients had significant medical comorbid-
ity. Predictors of increased surgical mortality include
pneumonectomy, bilobectomy, American Society of
Anesthesiologists (ASA) Physical Status Scale rat-
ing, Zubrod performance status score, renal dysfunc-
tion, induction chemoradiation therapy, steroid use,
older age, urgent procedures, male gender, forced
expiratory volume in 1 second (FEV1), and body mass
index.! In France, a thoracic surgery scoring system
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for in-hospital mortality (Thoracoscore) was devel-
oped using data obtained from more than 15,000
patients who were enrolled in a nationally represen-
tative thoracic surgery database. Mortality risk factors
included in the model were patient age, sex, dyspnea
score, ASA score, performance status, priority of
surgery, diagnosis, procedure class, and comorbid
disease.!” The model was highly accurate for the pre-
diction of mortality, with a C statistic of 0.86. (1.00
corresponds to perfect outcome prediction.) The
model was subsequently validated on 1,675 patients
from the United States, where a similar accuracy was
noted.” The online version of the Thoracoscore risk
assessment tool is available at: http://www.sfar.org/
scores2/thoracoscore2.php.

B REDUCED PULMONARY FUNCTION
AFTER RESECTION

Several outcome measures have been used to assess
the impact of resection on pulmonary function and
quality of life after surgery. Across various studies,
postoperative FEV| values, diffusing capacity of the
lung for carbon monoxide (Drco) values, and peak
oxygen consumption (VO; peak) were assessed at
various time intervals after lobectomy or pneumo-
nectomy. FEV; varied from 84% to 91% of preop-
erative values for lobectomy,'*'¢ and 64% to 66% for
pneumonectomy.'*'® The Drco was 89% to 96% of
preoperative values after lobectomy and 72% to 80%
after pneumonectomy.'*'® VO, peak varied from 87%
to 100% of preoperative values after lobectomy,!*1
and 71% to 89% after pneumonectomy.!*!¢

Patients with chronic obstructive pulmonary dis-
ease (COPD) typically experience smaller declines in
FEV| after lobectomy (0% to 8%) than those without
COPD (16% to 20%). Declines in Drco and VO,
peak are more variable, with reported decreases of
3% to 20% in those with COPD, and 0% to 21% for
those without the disease.!"

Lobectomy patients continue to recover pul-
monary function for approximately 6 months after
surgery. In patients who undergo pneumonectomy,
improvement is generally limited after 3 months.!*16
Loss of lung function may vary significantly with the
location of the resection. For example, resection of
an emphysematous portion of the lung will probably
result in less loss of function.

Few studies specifically examine quality of life after
lung resection in patients with lung cancer. In general,
patients who undergo resection have a lower quality
of life before surgery than the general population.?
Postsurgical decline in physical measures of health-
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related quality of life has been reported during the
month after surgery, with a return to baseline after 3
months. Mental quality of life scores did not decrease
after surgery, and there was little correlation between
quality of life outcomes and measures of pulmonary
function.?

B LUNG FUNCTION TESTING

Lung function testing helps predict the risk of postop-
erative complications, including mortality. The two
most commonly used measures of pulmonary function
are FEV| and Drco.

Both absolute FEV value and percent of predicted
FEV| strongly predict the risk of postoperative com-
plications. It has been difficult to identify one cutoff
value below which resection should not be consid-
ered. Studies have suggested preoperative absolute
FEV| values of 2 L for pneumonectomy and 1.5 L for
lobectomy as cutoffs signifying increased short- and
long-term surgical risk.2"?? Percent predicted FEVj,
which incorporates patient age, sex, and height, is
more commonly used to individualize treatment,
since absolute values do not take into consideration
other patient-related variables. An FEV; of 80% pre-
dicted or higher has been proposed as a cutoff to pro-
ceed with resection without additional testing,?* but
this decision must be individualized to each patient.

Similarly, it has been difficult to identify one cutoff
value for the DLco. As one might expect, the lower
the value the higher the risk for a given patient.
Patients with Drco values less than 60% predicted
normal** had an increased mortality risk, longer hos-
pital stay, and greater hospital costs in one report.

FEV: and Drco are only modestly correlated with
one another.”” In one study, 43% of patients with
FEV| greater than 80% of predicted had Drco less
than 80% of predicted.?

According to guidelines developed by the Ameri-
can College of Chest Physicians (ACCP), spirometry
is recommended for patients being considered for
lung cancer resection.?’ Patients with FEV; that is
greater than 80% predicted or greater than 2 L and
without evidence of dyspnea or interstitial lung dis-
ease are considered suitable candidates for resection,
including pneumonectomy, without further testing.
Lobectomy without further evaluation may be per-
formed if the FEV, is greater than 1.5 L and there
is no evidence of dyspnea or interstitial lung disease.

Although assessing FEV values alone may be
adequate in patients being considered for lung can-
cer resection who have no evidence of either undue
dyspnea on exertion or interstitial lung disease, the
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ACCP recommends also measuring DLco when these
signs are present. Guidelines from the European
Respiratory Society (ERS) and the European Society
of Thoracic Surgeons (ESTS) recommend routinely
measuring Drco during preoperative evaluation
regardless of whether the spirometric evaluation is
abnormal.”® Similarly, the British Thoracic Society
(BTS) recommends measuring transfer factor of the
lung for carbon monoxide (Trco) in all patients
regardless of spirometric values.?”

Il PREDICTING POSTOPERATIVE LUNG FUNCTION

Several methods have been used to predict postopera-
tive lung function.

Segment method

The segment method estimates postoperative lung
function by multiplying baseline function by the per-
centage of lung sections that will remain after resec-
tion.*® For example, if preoperative FEV, is 1 L and
surgery will result in the loss of 25% of lung segments,
the predicted postoperative FEV; is 750 mL. In a
study using 19 lung segments in the calculation, the
predicted postoperative lung function correlated well
with actual postoperative lung function for patients
undergoing lobectomy, but only modestly for patients
undergoing pneumonectomy.”® Another method
using 42 subsegments for the calculation, and cor-
recting for segments that were obstructed by tumor,
produced very similar results.’!

Radionuclide scanning

In other studies, quantitative radionuclide scanning
to identify the proportion of lung with poor perfusion
produced fair to good correlations between predicted
and actual postoperative FEV1.*>% Techniques that
are used less often include quantitative computed
tomography (CT) and measurement of airway vibra-
tion during respiration.

Studies comparing different methods for pre-
dicting postoperative pulmonary function have
found that perfusion imaging outperformed other
approaches, and that the segment method is not a
good predictor of outcome for patients undergoing
pneumonectomy.'¢

Additional testing needed

For potential lung resection patients, the ACCP
guidelines recommend that if either the FEV: or
Dvrco is less than 80% of the predicted value, post-
operative lung function should be predicted through
additional testing.’” The ERS recommends that pre-
dicted postoperative FEV should not be used alone
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to select lung cancer patients for lung resection, espe-
cially those with moderate to severe COPD.? These
guidelines also recommend that the first estimate of
residual lung function should be calculated based on
segment counting, that only segments not totally
obstructed should be counted, and that the patency of
bronchus and segment structure should be preserved.
In addition, patients with borderline function should
undergo imaging-based calculation of residual lung
function, including ventilation or perfusion scintig-
raphy before pneumonectomy, or quantitative CT
scan before either lobectomy or pneumonectomy.?®
The BTS recommends the use of segment counting
to estimate postoperative lung function as part of risk
assessment for postoperative dyspnea. Ventilation or
perfusion scintigraphy should be considered to pre-
dict postoperative lung function if a ventilation or
perfusion mismatch is suspected. Quantitative CT or
MRI may be considered to predict postoperative lung
function if the facility is available.”

Predicting mortality and complications:

FEV: and DLco

The predicted postoperative FEV, value is an inde-
pendent predictor of postoperative mortality and
other complications. Although there is no absolute
cut-off value, studies identify an increased risk of
complications below predicted postoperative FEV
values ranging from 30%°* to 40%.** Predicted
postoperative DLco is another outcome measure that
can independently identify increased mortality risk in
lung cancer resection patients. DLco less than 40%
has been associated with increased risk of postop-
erative respiratory complications even in those with
predicted postoperative FEV, values above 40%.26%
One study stated that a combination of the two
values, predicted postoperative FEV: and predicted
postoperative DLco—called the predicted postopera-
tive product (PPP)—is the best predictor of surgical
mortality.® Another study examined the utility of
a prediction rule for pulmonary complications after
lung surgery using a point system in which points
were assigned based on predicted postoperative DLco
(1 point for each 5% decrement below 100%) plus 2
points for preoperative chemotherapy.*' The risk of
complications was 9% for those with scores less than
11, 14% for those with scores of 11 to 13, and 26% for
those with scores greater than 13.

When surgery is considered, ACCP guidelines state
an increased risk of perioperative mortality in those
lung cancer patients with either a PPP less than 1,650,
or a predicted postoperative FEV less than 30%.%7
These patients should be counseled about nonstan-
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FIGURE. Distance walked during a shuttle walking test is strongly
related to maximal oxygen consumption (VO, max).

Reproduced with permission of the European Respiratory Society.
Eur Respir J November 1994; 7(11):2016-2020.
Copyright © 1994 European Respiratory Society.

dard surgery and nonsurgical treatment options. The
ERS guidelines consider a predicted postoperative

FEV: value less than 30% to be a high-risk threshold

when assessing pulmonary reserve before surgery.?®

B EXERCISE TESTING

In general, standardized cardiopulmonary exercise
testing using VO, peak has been shown to predict
postoperative complications, including perioperative
and long-term morbidity and mortality.*** Lower val-
ues are associated with a greater risk of poor outcome.
Peak VO, may not add significantly to the risk strati-
fication of patients who have both FEV, and Drco
values greater than 80%.%

According to ACCP recommendations for exer-
cise testing in patients who are being evaluated for
surgery, either an FEV; or Drco less than 40% of pre-
dicted postoperative (PPO) indicates increased risk
for perioperative death and cardiopulmonary com-
plications with standard lung resection. Preoperative
exercise testing is recommended for these patients.”
Maximal oxygen consumption (VO max) less than
10 mL/kg/min, or the combination of VO, max less
than 15 mL/kg/min with both FEV| and Dvrco less
than 40% PPO, also indicates increased risk for
death and complications; these patients should be
counseled about nonstandard surgery or nonsurgical
treatment options. Guidelines from the ERS recom-
mend exercise testing for all patients undergoing lung
cancer surgery who have FEV| or Drco less than 80%
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of normal values.”® The VO, peak measured during
incremental exercise on a treadmill or cycle should be
regarded as the most important parameter.

Several studies have found that distance traveled
during walking tests predicts postoperative compli-
cations and can be related to VO, max (Figure).¥
According to ACCP guidelines, lung cancer patients
who are potential candidates for standard lung resec-
tion are at increased risk for perioperative death and
cardiopulmonary complications if they walk less than
25 shuttles on 2 shuttle walk tests or less than 1 flight of
stairs. These patients should be counseled about non-
standard surgery and nonsurgical treatment options.*’

Conversely, ERS/ESTS guidelines state that the
shuttle walk test distance underestimates exercise
capacity at the lower range, and does not discriminate
between patients with and without complications.?®
These guidelines state that shuttle walk test distance
should not be used alone to select patients for resec-
tion. It may be used as a screening test, since patients
walking less than 400 m are likely to also have VO,
peak less than 15 mL/kg/min. A standardized symp-
tom-limited stair climbing test can be a cost-effective
screening method to identify those who need more
sophisticated exercise tests in order to optimize their
perioperative management. The 6-minute walk test is
not recommended.

British Thoracic Society guidelines recommend
the use of the shuttle walk test as a functional assess-
ment in patients with moderate to high risk of post-
operative dyspnea.”’ A distance walk of more than
400 m is recommended as a cutoff for acceptable
pulmonary function. These guidelines recommend
against using pulmonary function and exercise tests
as the sole surrogates for a quality of life evaluation.

B ALGORITHMS FOR TESTING
The ACCP, ERS/ESTS, and BTS guidelines all

include algorithms for the preoperative evaluation of
candidates for lung cancer resection.?”* The guide-
lines differ from each other in many ways, including
when to obtain a Drco and cardiopulmonary exer-
cise test, and in some of the cutoff values for vari-
ous pulmonary function measures. ACCP guidelines
begin with spirometry testing, supporting lobectomy
in patients with spirometry results above the cutoff
value of FEV| greater than 1.5 L and pneumonectomy
in those with a cutoff value of FEV, greater than 2 L,
and greater than 80% of predicted, unless the patient
has dyspnea or evidence of interstitial lung disease.
Measurement of the Drco is recommended for those
who do not meet the FEV, cutoffs, or in those with

MAY 2012

Downloaded from www.ccjm.org on July 28, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

MAZZONE

unexplained dyspnea or diffuse parenchymal disease
on chest radiograph or CT.”

A systematic review and set of treatment recom-
mendations for high-risk patients with stage I lung
cancer, developed by the Thoracic Oncology Network
of the ACCP and the Workforce on Evidence-Based
Surgery of the Society of Thoracic Surgeons, cur-
rently under review, will provide additional guidance
regarding the use of lung function testing to evaluate
risk of morbidity and mortality. These guidelines note
that FEV1, Drco, and peak VO, all predict morbid-
ity and mortality following major lung resection.
Assessment of FEV and Dirco, including calculation
of the estimated postoperative value, is strongly rec-
ommended before resection. The predictive value of
peak VO; is strongest in patients with impaired FEV,
or Drco, and assessment of peak VO, before major
lung resection is recommended for these patients.

B INTERVENTIONS TO DECREASE
PERIOPERATIVE RISK

The impact of smoking cessation on perioperative
outcome has been a matter of considerable debate.
One large study found that the incidence of postopera-
tive complications was actually greater when patients
stopped smoking within 8 weeks before cardiac surgery.*®
However, a recent meta-analysis including lung resec-
tion patients found no relationship between smoking
cessation in the weeks before surgery and worse clinical
outcomes.*” When a shorter duration of smoking cessa-
tion is examined, thoracotomy studies note that patients
who continue to smoke within 1 month of pneumonec-
tomy are at increased risk of major pulmonary events.*%
An examination of perioperative mortality or major
complications using data from the Society of Thoracic
Surgeons found that smoking cessation within 1 month
preceding surgery did not significantly affect periopera-
tive morbidity or mortality, whereas longer abstention
from tobacco use was associated with better surgical
outcomes.”® The ACCP recommends that all patients
with lung cancer be counseled regarding smoking ces-
sation.”” ERS/ESTS guidelines recommend smoking
cessation for at least 2 to 4 weeks before surgery, since
this may change perioperative smoking behavior and
decrease the risk of postoperative complications.?® Pul-
monary rehabiliatation in the perioperative period has
been shown to improve measures of activity tolerance,
allowing resection of marginal candidates, and improv-
ing functional outcomes after resection.’’ The ERS/
ESTS guidelines state that early pre- and postoperative
rehabilitation may produce functional benefits in resect-
able lung cancer patients.?

CLEVELAND CLINIC JOURNAL OF MEDICINE

Bl SUMMARY AND CONCLUSIONS

Lung function testing helps predict the risk of post-
operative mortality, perioperative complications,
and long-term dyspnea for patients with lung cancer
undergoing surgical resection. Predicted postop-
erative FEV| and Drco should be evaluated in most
resection candidates. Exercise testing adds to stan-
dard lung function testing in those with borderline
values, discordance between standard measures, or
discordance between subjective and objective lung
function. Algorithms for preoperative assessment
have been developed by the ACCP, the ERS/ESTS,
and the BTS, which differ somewhat in the order of
testing and specific testing cutoff values. Smoking
cessation and pulmonary rehabilitation can help to
reduce perioperative and long-term risks.
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