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Preoperative anesthetic assessment prior to chest surgery is
a continually evolving science and art. Recent advances in
anesthetic management, surgical techniques and periopera-
tive care have expanded the envelope of patients now con-
sidered to be “operable”(1). This seminar is an update on pre-
anesthetic assessment for pulmonary resection surgery in
cancer patients. The principles described will apply to all
other types of non-malignant pulmonary resections and to
other chest surgery. The major difference is that in patients
with malignancy the risk/benefit ratio of canceling or delay-
ing surgery pending other investigation/therapy is always
complicated by the risk of further spread of cancer during
any extended interval prior to resection. This is never com-
pletely “elective” surgery.

Several general points should be appreciated in the as-
sessment of pulmonary resection patients:

1)  Anesthesiologists are not gate-keepers. It is rarely the
Anesthesiologist’s function to assess these patients to
decide who is or is not an operative candidate. In the
majority of situations, the anesthesiologist will be see-
ing the patient at the end of a referral chain from chest
or family physician to surgeon. At each stage there
should have been a discussion of the risks and benefits
of operation. It is the anesthesiologist’s responsibility
to use the preoperative assessment to identify those
patients at elevated risk and then to use that risk as-
sessment to stratify perioperative management and fo-
cus resources on the high-risk patients to improve their
outcome. This is the primary function of the pre-anes-
thetic assessment.

2)  Short term versus long term survival. Although there
has been a large amount of research done on long term
survival (6 months – 5 years) following pulmonary re-
section surgery there has been a comparatively small
volume of research on the short term (< 6 weeks) out-
come of these patients. However, this research area is
currently very active and there are several studies which
can be used to guide anesthetic management in the im-
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mediate perioperative period where it has an influence
on outcome.

3)  Disjoint assessment. Until very recently, pre-anesthetic
management was part of a continuum where a patient
was admitted preoperatively for testing and the manage-
ment plan evolved as test results returned. Currently, the
reality of practice patterns in anesthesia has changed such
that a patient is commonly assessed initially in an out-
patient clinic and often not by the member of the an-
esthesia staff who will actually administer the anesthe-
sia. The actual contact with the responsible
anesthesiologist may be only 10 to 15 minutes prior to
induction. It is necessary to organize and standardize
the approach to preoperative evaluation for these patients
into two temporally disjoint phases: the initial (clinic)
assessment and the final (day-of-admission) assessment.
There are elements vital to each assessment which will
be described in this review.

4) “Lung-sparing” surgery. An increasing number of tho-
racic surgeons are now being trained to perform “lung-
sparing” resections such as sleeve-lobectomies or seg-
mentectomies. The postoperative preservation of
respiratory function has been shown to be proportional
to the amount of functioning lung parenchyma pre-
served(2). To assess patients with limited pulmonary func-
tion the anesthesiologist must understand these newer
surgical options in addition to the conventional lobecto-
my or pneumonectomy.
Pre-thoracotomy assessment naturally involves all of
the factors of a complete anesthetic assessment: past
history, allergies, medications, upper airway, etc. This
seminar will focus on the additional information be-
yond a standard anesthetic assessment that the anesthe-
siologist needs to manage a pulmonary resection pa-
tient.

Perioperative complications: To assess patients for tho-
racic anesthesia it is necessary to have an understanding of
the risks specific to this type of surgery. The major cause of
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perioperative morbidity and mortality in the thoracic surgi-
cal population is respiratory complications.

Major respiratory complications: atelectasis, pneumonia
and respiratory failure occur in 15-20% of patients and ac-
count for the majority of the expected 3-4% mortality(3). The
thoracic surgical population differs from other adult surgi-
cal populations in this respect. For other types of surgery,
cardiac and vascular complications are the leading cause of
early perioperative morbidity and mortality. Cardiac com-
plications: arrhythmia, ischemia, etc. occur in 10-15% of the
thoracic population(4).

ASSESSMENT OF RESPIRATORY FUNCTION

The best assessment of respiratory function comes from a
detailed history of the patient’s quality of life. A completely
asymptomatic ASA class 1 or 2 patient with no limitation of
activity and full exercise capacity probably does not need
screening cardio-respiratory testing prior to pulmonary re-
section. Unfortunately, due to the biology of lung cancer these
are a small minority of the patient population.

Because the anesthesiologist who will manage the case
often has to assimilate a great deal of information about
the patient in a short period of time it is very useful to
have objective standardized measures of pulmonary func-
tion that can be used to guide anesthetic management and
to have this information in a format that can be easily
transmitted between members of the health care team.
Much effort has been spent to try and find a single test of
respiratory function that has sufficient sensitivity and spe-
cificity to predict outcome for all pulmonary resection
patients. It is now clear that no single test will ever ac-
complish this. There are many factors that determine over-
all respiratory performance(5,6). It is useful to think of the
respiratory function in three related but somewhat inde-
pendent areas: respiratory mechanics, gas exchange, and
cardio-respiratory interaction.

1) Respiratory Mechanics: Many tests of respiratory me-
chanics and volumes show correlation with post-thora-
cotomy outcome: forced expiratory volume in one sec-
ond (FEV1), forced vital capacity (FVC), maximal
voluntary ventilation (MVV), residual volume/total lung
capacity ratio (RV/TLC), etc. It is useful to express these
as a percent of predicted volumes corrected for age, sex
and height (e.g.: FEV1 %). Of these the most valid sin-
gle test for post-thoracotomy respiratory complications
is the predicted postoperative FEV1 (ppoFEV1 %) which
is calculated as:

ppoFEV1 % = preoperative FEV 1% x ( 1- % functional
lung tissue removed/100).

One method of estimating the percent of functional lung
tissue is based on a calculation of the number of func-
tioning subsegments of the lung removed. Nakahara et
al(4) found that patients with a ppoFEV1 > 40% had no
or minor post-resection respiratory complications. Ma-
jor respiratory complications were only seen in the sub-
group with ppoFEV1 < 40% (although not all patients
in this subgroup developed respiratory complications)
and 10/10 patients with ppoFEV1 < 30% required post-
operative mechanical ventilatory support. These key
threshold ppoFEV1 values: 30% and 40% are extreme-
ly useful to remember when managing these patients.
The schema of may be overly complicated and it can be
useful just to simply consider the right upper and mid-
dle lobes combined as being approximately equivalent
to each of the other 3 lobes with the right lung 10% larger
than the left. These data of Nakahara are from work done
in the 1980’s and recent advances, particularly the use
of epidural analgesia has decreased the incidence of
complications in the high-risk group(). However,
ppoFEV1 values of 40% and 30% remain useful as ref-
erence points for the anesthesiologist. The ppoFEV1 is
the most significant independent predictor of complica-
tions among a variety of historical, physical and labora-
tory tests for these patients(5).

2) Lung parenchymal function: As important to the process
of respiration as the mechanical delivery of air to the dis-
tal airways is the subsequent ability of the lung to ex-
change oxygen and carbon dioxide between the pulmo-
nary vascular bed and the alveoli. Traditionally arterial
blood gas data such as PaO2 < 60 mmHg or PaCO2 > 45
mmHg have been used as cut-off values for pulmonary
resection. Cancer resections have now been successfully
done(5) or even combined with volume reduction in pa-
tients who do not meet these criteria(8), although they re-
main useful as warning indicators of increased risk. The
most useful test of the gas exchange capacity of the lung
is the diffusing capacity for carbon monoxide (DLCO).
Although the DLCO was initially thought just to reflect
diffusion, it actually correlates with the total functioning
surface area of alveolar-capillary interface. This simple
non-invasive test which is included with spirometry and
plethysmography by most pulmonary function laborato-
ries is a useful predictor of post-thoracotomy complica-
tions. The corrected DLCO can be used to calculate a post-
resection (ppo) value using the same calculation as for
the FEV1 . A ppoDLCO < 40% predicted correlates with
both increased respiratory and cardiac complications and
is to a large degree independent of the FEV1(9).

3) Cardio-pulmonary Interaction: The final and perhaps most
important assessment of respiratory function is an assess-
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ment of the cardio-pulmonary interaction. All patients
should have some assessment of their cardio-pulmonary
reserves. The traditional, and still extremely useful, test
in ambulatory patients is stair climbing(10). Stair climb-
ing is done at the patient’s own pace but without stopping
and is usually documented as a certain number of flights.
There is no exact definition for a “flight” but 20 steps at 6
in/step is a frequent value. The ability to climb 3 flights
or more is closely associated with decreased mortality
and somewhat associated with morbidity. Less than 2
flights is very high risk.
Formal laboratory exercise testing has become more
standardized and thus more valid and is currently the
“gold standard” for assessment of cardio-pulmonary
function. Among the many cardiac and respiratory fac-
tors which are tested, the maximal oxygen consumption
(VO2 max) is the most useful predictor of post-thora-
cotomy outcome. Walsh et al(11) have shown that in a
high-risk group of patients (mean pre-operative FEV1 =
41% predicted) there was no perioperative mortality if
the preoperative VO2 max was > 15 ml/kg/min. This is a
useful reference number for the anesthesiologist. Only
1/10 patients with a VO2 max > 20 ml/kg/min had a res-
piratory complication. Exercise testing can be modified
in patients who are not capable of stair climbing using
bicycle or arm exercises. Complete laboratory exercise
testing is labor intensive and expensive. Recently, sev-
eral alternatives to exercise testing have been demon-
strated to have potential as replacement tests for pre-
thoracotomy assessment.
The six-minute walk test (6MWT) shows an excellent
correlation with VO2 max and requires little or no labo-
ratory equipment(12). A 6MWT distance of < 2,000 ft
correlates to a VO2 max < 15 ml/kg/min and also corre-
lates with a fall in oximetry (SpO2) during exercise. Pa-
tients with a decrease of SpO2 > 4% during exercise (stair
climbing 2 or 3 flights or equivalent)(13,14) are at in-
creased risk of morbidity and mortality. The six-minute
walk test and exercise oximetry may replace VO2 max
for assessment of cardio-respiratory function in the fu-
ture. Both of these tests are still evolving and for the
present exercise testing will remain the gold standard.
Post-resection exercise tolerance can be estimated based
on the amount of functioning lung tissue removed. An
estimated ppoVO2 max < 10 ml/kg/min may be one of
the few remaining absolute contra-indications to pulmo-
nary resection. In a small series reported by Bollinger(15)

mortality was 100% (3/3) patients with a ppoVO2 max
< 10 ml/kg/min.
After pulmonary resection there is a degree of right ven-
tricular dysfunction that seems to be in proportion to
the amount of functioning pulmonary vascular bed re-

moved(16). The exact etiology and duration of this dys-
function remains unknown. Clinical evidence of this
hemodynamic problem is minimal when the patient is
at rest but is dramatic when the patient exercises lead-
ing to elevation of pulmonary vascular pressures, limi-
tation of cardiac output and absence of the normal de-
crease in pulmonary vascular resistance usually seen with
exertion(17).

4) Ventilation perfusion (V/Q) scintigraphy: Prediction of
post-resection pulmonary function can be further refined
by assessment of the pre-operative contribution of the lung
or lobe to be resected using V/Q lung scanning(18). If the
lung region to be resected is non- or minimally function-
ing the prediction of post-operative function can be mod-
ified accordingly. This is particularly useful in pneumon-
ectomy patients and should be considered for any patient
who has a ppoFEV1 < 40%.

5)  Split-lung function studies: A variety of methods have
been described to try and simulate the post-operative res-
piratory situation by unilateral exclusion of a lung or lobe
with an endobronchial tube/blocker and/or by pulmonary
artery balloon occlusion of a lung or lobe artery(19). These
and other varieties of split-lung function testing have also
been combined with exercise to try and assess the toler-
ance of the cardio-respiratory system to a proposed re-
section. Although these tests are currently carried on and
used to guide therapy in certain individual centers, they
have not shown sufficient predictive validity for wide-
spread universal adoption in potential lung resection pa-
tients. One possible explanation for some predictive fail-
ures in these patients may be that lack of a pulmonary
hypertensive response to unilateral occlusion may repre-
sent a sign of a failing right ventricle misinterpreted as a
good sign of pulmonary vascular reserve. Lewis et al(20)

have shown that in a group of patients with COPD (ppo
FEV1 < 40%) undergoing pneumonectomy there were
no significant changes in the pulmonary vascular pres-
sures intraoperatively when the pulmonary artery was
clamped but the right ventricular ejection fraction and
cardiac output decreased. Echocardiography may offer
more useful information than vascular pressure monitor-
ing in these patients(21). It is conceivable that the future
combination of unilateral occlusion studies with echocar-
diography may be a useful addition to this type of pre-
resection investigation.

6) Flow-volume loops: Flow volume loops can help identify
the presence of a variable intra-thoracic airway obstruc-
tion by evidence of a positional change in an abnormal
plateau of the expiratory limb of the loop(22). This can
occur due to compression of a main conducting airway
by a tumor mass. Such a problem may warrant induction
airway management with awake intubation or mainte-
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nance of spontaneous ventilation(23). However, in an adult
patient capable of giving a complete history who does
not describe supine exacerbation of cough or dyspnea,
flow-volume loops are not required as a routine preoper-
ative test.

7) Combination of tests: No single test of respiratory func-
tion has shown adequate validity as a sole pre-operative
assessment(5). Prior to surgery an estimate of respiratory
function in all 3 areas: mechanics, parenchymal function
and cardio-pulmonary interaction should be made for each
patient. These three aspects of pulmonary function form
the “Three-legged Stool” which is the foundation of pre-
thoracotomy respiratory assessment. These data can then
be used to plan intra- and post-operative management and
also to alter these plans when intraoperative surgical fac-
tors necessitate that a resection becomes more extensive
than foreseen. If a patient has a ppoFEV1 > 40% it should
be possible for that patient to be extubated in the operat-
ing room at the conclusion of surgery assuming the pa-
tient is alert, warm and comfortable (“AWaC”). Patients
with a ppoFEV1 < 40% will usually comprise about ¼ of
an average thoracic surgical population. If the ppoFEV1
is > 30% and exercise tolerance and lung parenchymal
function exceed the increased risk thresholds then extu-
bation in the operating room should be possible depend-
ing on the status of associated diseases (see below). Those
patients in this subgroup who do not meet the minimal
criteria for cardio-pulmonary and parenchymal function
should be considered for staged weaning from mechani-
cal ventilation post-operatively so that the effect of the
increased oxygen consumption of spontaneous ventila-
tion can be assessed. Patients with a ppoFEV1 20-30%
and favorable predicted cardio-respiratory and parenchy-
mal function can be considered for early extubation if
thoracic epidural analgesia if used. Otherwise, these pa-
tients should have a post-operative staged weaning from
mechanical ventilation. In the borderline group (ppoFEV1
30-40%) the presence of several associated factors and
diseases which should be documented during the pre-op-
erative assessment will enter into the considerations for
post-operative management.

INTERCURRENT MEDICAL CONDITIONS

1) Age. There does not appear to be any maximum age
which is a cutoff to pulmonary resection. If a patient is
80 years of age and has a stage I lung cancer, their chanc-
es of survival to age 85 are better with the tumor resect-
ed than without. The operative mortality in a group of
patients 80-92 years was 3%, a very respectable figure,
in a series reported by Osaki(24). However, the rate of
respiratory complications (40%) was double that expect-

ed in a younger population and the rate of cardiac com-
plications (40%), particularly arrhythmias, was nearly
triple that which should be seen in younger patients.
Although the mortality from lobectomy in the elderly is
acceptable, the mortality from pneumonectomy (22%
in patients > 70 years)(25), particularly right pneumon-
ectomy, is excessive. Presumably the reason for this is
the increased strain on the right heart caused by resec-
tion of the proportionally larger vascular bed of the right
lung.

2) Cardiac disease. Cardiac complications are the second
most common cause of peri-operative morbidity and
mortality in the thoracic surgical population.

a) Ischemia. Because the majority of pulmonary resec-
tion patients have a smoking history, they already have
one risk factor for coronary artery disease(26). How-
ever, elective pulmonary resection surgery is gener-
ally regarded as an “intermediate risk” procedure in
terms of peri-operative cardiac ischemia, less than
accepted “high-risk” procedures such as major emer-
gency or vascular surgery(27). The overall document-
ed incidence of post-thoracotomy ischemia is 5% and
peaks on day 2-3 post-operatively(28). This is approx-
imately the risk which would be expected from a sim-
ilar patient population having major abdominal, or-
thopedic or other procedures. Beyond the standard
history, physical and electrocardiogram, routine
screening testing for cardiac disease does not appear
to be cost-effective for all pre-thoracotomy pa-
tients(29). Non-invasive testing is indicated in patients
with major (unstable ischemia, recent infarction, se-
vere valvular disease, significant arrhythmia) or in-
termediate (stable angina, remote infarction, previ-
ous congestive failure, or diabetes) clinical predictors
of myocardial risk and also in the elderly(28,30). Ther-
apeutic options to be considered in patients with sig-
nificant coronary artery disease are optimization of
medical therapy, coronary angioplasty or coronary
artery bypass, either prior to or at the time of lung
resection(31). Timing of lung resection surgery fol-
lowing a myocardial infarction is always a difficult
decision. Based on the data of Rao et al(32), and gen-
erally confirmed by recent clinical practice, limiting
the delay to 4-6 weeks in a medically stable and fully
investigated and optimized patient seems acceptable
after myocardial infarction.

b) Arrhythmia: Dysrhythmias, particularly atrial fibrilla-
tion, are a well recognized complication of all pulmo-
nary resection surgery(33). Factors known to correlate
with an increased incidence of arrhythmia are the
amount of lung tissue resected, age, intraoperative
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blood loss, and intra-pericardial dissection(34,35). Pro-
phylactic therapy with Digoxin has not been shown to
prevent these arrhythmia’s. However, Diltiazem has
recently shown some promise(36).

3) Renal Dysfunction: Renal dysfunction following pulmo-
nary resection surgery is associated with a very high inci-
dence of mortality. Gollege & Goldstraw(37) reported a
peri-operative mortality of 19% (6/31) in patients who
developed any significant elevation of serum creatinine
in the post-thoracotomy period, compared to 0% (0/99)
in those who did not show any renal dysfunction. The
factors which were highly associated (p < .001) with an
elevated risk of renal impairment, are: previous history
of renal impairment, diuretic therapy, pneumonectomy,
postoperative infection and blood loss requiring transfu-
sion. Other factors which were statistically significant but
less strongly associated with renal impairment included
preoperative hypertension, chemotherapy, ischemic heart
disease and postoperative oliguria (< 33 ml/hr). Non-ster-
oidal anti-inflammatory agents (NSAIDS) were not asso-
ciated with renal impairment in this series but are clearly
a concern in any thoracotomy patient with an increased
risk of renal dysfunction. The high mortality in pneumon-
ectomy patients from either renal failure or post-opera-
tive pulmonary edema emphasizes the importance of flu-
id management in these patients(38) and the need for close
and intensive peri-operative monitoring, particularly in
those patients on diuretics or with a history of renal dys-
function.

4) Chronic obstructive pulmonary disease: The most com-
mon concurrent illness in the thoracic surgical popula-
tion is chronic obstructive pulmonary disease (COPD)
which incorporates three disorders: emphysema, periph-
eral airways disease and chronic bronchitis. Any indi-
vidual patient may have one or all of these conditions,
but the dominant clinical feature is impairment of ex-
piratory airflow(39). Assessment of the severity of COPD
has traditionally been on the basis of the FEV1 % of
predicted values. The American Thoracic Society cur-
rently categorizes Stage I > 50% predicted (this catego-
ry previously included both “mild” and “moderate”
COPD), Stage II:35-50%, Stage III < 35%. Stage I pa-
tients should not have significant dyspnea, hypoxemia
or hypercarbia and other causes should be considered if
these are present. Recent advances in the understanding
of the COPD which are relevant to anesthetic manage-
ment include:

a) Respiratory drive: Major changes have occurred in
our understanding of the control of breathing in
COPD patients. Many stage II or III COPD patients

have an elevated PaCO2 at rest. It is not possible to
differentiate these “CO2-retainers” from non-retain-
ers on the basis of history, physical examination or
spirometric pulmonary function testing. This CO2-
retention seems to be more related to an inability to
maintain the increased work of respiration (Wresp)
required to keep the PaCO2 normal in patients with
mechanically inefficient pulmonary function and not
primarily due to an alteration of respiratory control
mechanisms. It was previously thought that chroni-
cally hypoxemic/hypercapnic patients relied on a
hypoxic stimulus for ventilatory drive and became
insensitive to PaCO2. This explained the clinical
observation that COPD patients in incipient respira-
tory failure could be put into a hypercapnic coma by
the administration of a high concentration of oxygen
(FiO2). Actually, only a minor fraction of the increase
in PaCO2 in such patients is due to a diminished res-
piratory drive, as minute ventilation is basically un-
changed(40). The PaCO2 rises because a high FiO2
causes a relative decrease in alveolar ventilation and
an increase in alveolar dead space by the redistribu-
tion of perfusion away from lung areas of relatively
normal V/Q matching to areas of very low V/Q ratio
because regional hypoxic pulmonary vasoconstriction
(HPV) is decreased and due to the Haldane effect(41).
However, supplemental oxygen must be administered
to these patients postoperatively to prevent the hy-
poxemia associated with the unavoidable fall in func-
tional residual capacity (FRC). The attendant rise in
CO2 should be anticipated and monitored. To identi-
fy these patients preoperatively, all stage ll or lll
COPD patients need an arterial blood gas.

b) Nocturnal hypoxemia: COPD patients desaturate
more frequently and severely than normal patients
during sleep(42). This is due to the rapid/shallow
breathing pattern that occurs in all patients during
REM sleep. In COPD patients breathing air, this caus-
es a significant increase in the respiratory dead space/
tidal volume (VD/VT) ratio and a fall in alveolar oxy-
gen tension (PAO2) and PaO2. This is not the sleep-
apnea-hypoventilation syndrome (SAHS). There is no
increased incidence of SAHS in COPD. In 8 of 10
COPD patients studied, the oxygen saturation fell to
< 50% at some time during normal sleep and this was
associated with an increase in pulmonary artery pres-
sure(43). This tendency to desaturate, combined with
the postoperative fall in FRC and opioid analgesia
places these patients at high risk for severe hypox-
emia postoperatively during sleep.

c) Right ventricular (RV) dysfunction: Right ventricu-
lar dysfunction occurs in up to 50% of COPD pa-
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tients(44). The dysfunctional RV, even when hyper-
trophied, is poorly tolerant of sudden increases in
afterload(46) such as the change from spontaneous to
controlled ventilation(45). Right ventricular function
becomes critical in maintaining cardiac output as the
pulmonary artery pressure rises. The RV ejection frac-
tion does not increase with exercise in COPD patients
as it does in normal patients. Chronic recurrent hy-
poxemia is the cause of the RV dysfunction and the
subsequent progression to cor pulmonale. Patients
who have episodic hypoxemia in spite of normal lungs
(e.g., Central Alveolar Hypoventilation, SAHS,
etc.)(48) develop the same secondary cardiac problems
as COPD patients. Cor Pulmonale occurs in 40% of
adult COPD patients with an FEV1 < 1liter and in
70% with FEV1 < 0.6l(45). It is now clear that mortal-
ity in COPD patients is primarily related to chronic
hypoxemia(49). The only therapy, which has been
shown to improve long term survival and decrease
right heart strain in COPD is oxygen. COPD patients
who have resting PaO2 < 55 mmHg should receive
supplemental home oxygen and also those who de-
saturate to < 44 mmHg with usual exercise(40). The
goal of supplemental oxygen and is to maintain a PaO2
60-65 mmHg. Compared to patients with chronic
bronchitis, emphysematous COPD patients tend to
have a decreased cardiac output and mixed venous
oxygen tension while maintaining lower pulmonary
artery pressures(46). Pneumonectomy candidates with
a ppoFEV1 < 40% should have trans-thoracic
echocardiography to assess right-heart function. El-
evation of right-heart pressures places these patients
in a very high risk group(47,48).

d) Combined Cancer and Emphysema Surgery. The
National Emphysema Treatment Trial has defined
the minimal preoperative pulmonary function re-
quired for acceptable survival rates(49). The combi-
nation of volume reduction surgery or bullectomy
in addition to lung cancer surgery has been reported
in emphysematous patients who would previously
not have met minimal criteria for pulmonary resec-
tion due to their concurrent lung disease(50). Al-
though the numbers of patients reported are small,
the expected improvements in post operative pul-
monary function have been seen and the outcomes
are encouraging. This offers an extension of the
standard indications for surgery in a small, well se-
lected, group of patients.

Preoperative therapy of COPD: There are four treatable
complications of COPD that must be actively sought and
therapy begun at the time of the initial pre-thoracotomy

assessment. These are: atelectasis, bronchospasm, chest
infection and pulmonary edema. Atelectasis impairs local
lung lymphocyte and macrophage function predisposing
to infection(51). Pulmonary edema can be very difficult to
diagnose by auscultation in the presence of COPD and may
present very abnormal radiological distributions (unilater-
al, upper lobes, etc.)(52). Bronchial hyperreactivity may be
a symptom of congestive failure(53). All COPD patients
should receive maximal bronchodilator therapy as guided
by their symptoms. Only 20-25% of COPD patients will
respond to corticosteroids. In a patient who is poorly con-
trolled on sympathomimetic and anticholinergic bronchodi-
lators a trial of corticosteroids may be beneficial(54). It is
not clear if corticosteroids are as beneficial in COPD as
they are in asthma.

Physiotherapy: Patients with COPD have fewer post-
operative pulmonary complications when a perioperative
program of intensive chest physiotherapy is initiated pre-
operatively(55). It is uncertain if this benefit applies to other
pulmonary resection patients. Among the different modal-
ities available (cough and deep breathing, incentive spirom-
etry, PEEP, CPAP, etc.) there is no clearly proven superior
method(56). The important variable is the quantity of time
spent with the patient and devoted to chest physiotherapy.
Family members or non-physiotherapy hospital staff can
easily be trained to perform effective preoperative chest
physiotherapy and this should be arranged at the time of
the initial preoperative assessment. Even in the most se-
vere COPD patient, it is possible to improve exercise toler-
ance with a physiotherapy program(57). Little improvement
is seen before one month. Among COPD patients, those
with excessive sputum benefit the most from chest physio-
therapy(58).

A comprehensive program of pulmonary rehabilitation
involving physiotherapy, exercise, nutrition and education
has been shown to consistently improve functional capacity
for patients with severe COPD(59). These programs are usu-
ally of several months duration and are generally not an op-
tion in resections for malignancy although for non-malig-
nant resections in severe COPD patients rehabilitation should
be considered. The benefits of short duration rehabilitation
programs prior to malignancy resection have not been fully
assessed.

Smoking: Pulmonary complications are decreased in tho-
racic surgical patients who are not smoking versus those who
continue to smoke up until the time of surgery(60). However,
patients having cardiac surgery showed no decrease in the
incidence of respiratory complications unless smoking was
discontinued for more than eight weeks before surgery(61).
Carboxyhemoglobin concentrations decrease if smoking is
stopped > 12 hr(62). It is extremely important for patients to
avoid smoking postoperatively. Smoking leads to a prolonged
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period of tissue hypoxemia. Wound tissue oxygen tension
correlates with wound healing and resistance to infection(63).

Lung cancer: At the time of initial assessment cancer pa-
tients should be assessed for the “4-M’s” associated with ma-
lignancy: mass effects(64), metabolic abnormalities, metastas-
es(65) and medications, The prior use of medications which
can exacerbate oxygen induced pulmonary toxicity such as
bleomycin should be considered(66-68). Recently we have seen
several lung cancer patients who received preoperative chem-
otherapy with cis-platinum and then developed an elevation
of serum creatinine when they received non-steroidal anti-in-
flammatory analgesics (NSAIDS) post-operatively. For this
reason we now do not routinely administer NSAIDS to pa-
tients who have been treated recently with cis-platinum.

Postoperative analgesia: If the patient is to receive pro-
phylactic anticoagulants and it is elected to use epidural an-
algesia, appropriate timing of anticoagulant administration
and neuraxial catheter placement need to be arranged. ASRA
guidelines suggest prophylactic unfractionated heparin ad-
ministration after catheter placement(69). Low molecular
weight heparin (LMWH) precautions are less clear, an inter-
val of 12-24 hours before and 24 hours after catheter place-
ment are recommended.

Final preoperative assessment: The final preoperative
anesthetic assessment for the majority of thoracic surgical
patients is carried out immediately prior to admission of
the patient to the operating room. At this time it is impor-
tant to review the data from the initial pre-thoracotomy
assessment and the results of tests ordered at that time. In
addition, two other specific areas affecting thoracic anesthe-
sia need to be assessed: the potential for difficult lung iso-
lation and the risk of desaturation during one-lung ventila-
tion.

CONCLUSION

Recent advances in anesthesia and surgery have made it so
that almost any patient with a resectable lung malignancy is
now an operative candidate given a full understanding of the
risks and after appropriate investigation. This necessitates a
change in the paradigm that we use for preoperative assess-
ment. Understanding and stratifying the perioperative risks
allows the anesthesiologist to develop a systematic focused
approach to these patients both at the time of the initial con-
tact and immediately prior to induction, which can be used
to guide anesthetic management.

REFERENCES

1. Slinger PD, Johnston MR. Chapt. 1. Thoracic Anesthesia 3rd Ed.
Churchill Livingston, 2003.

2. Brusasco V, Ratto GB, Crimi P, et al. Scand J Thor Cardiovasc Surg
1988;22:73-78.

3. Nakahara K, Ohno K, Hashimoto J, et al. Ann Thorac Surg
1988;46:549-52.

4. Reilly JJ. Chest 1999;116:474s-476s.
5. Pierce RD, Copland JM, Sharpek, Barter CE. Am J Resp Crit Care

Med 1994;150:947-55.
6. Epstein SK, Failing LJ, Daly BDT, Celli BR. Chest 1993;104:694-700.
7. Cerfolio RJ, Allen MS, Trastak VF, et al. Ann Thorac Surg

1996:62:348-51.
8. McKenna RJ, Fischel RJ, Brenner M, Gelb AF. Chest 1996;110:885-8.
9. Wang J, Olak J, Ferguson MK. J Thorac Cardiovasc Surg

1999;117:581-7.
10. Olsen GN, Bolton JWR, Weiman DS, Horning CA. Chest

1991;99:587-90.
11. Walsh GL, Morice RC, Putnam JB, et al. Ann Thorac Surg

1994;58:704.
12. Cahalin L, Pappagianapoulos P, Prevost S, et al. Chest 1995;108:452-57.
13. Rao V, Todd TRJ, Kuus A, Beth KJ, Pearson FG. Ann Thorac Surg

1995;60:603-9.
14. Ninan M, Sommers KE, Landranau RJ, et al. Ann Thorac Surg

1997;64:328-33.
15. Bollinger CT, Wyser C, Roser H, et al. Chest 1995;108:341-8.
16. Reed CR, Dorman BH, Spinale FG. Ann Thorac Surg 1996;62:225-32.
17. Van Miegham W, Demedts M. Respir Med 1989;83:199-206.
18. Markos J, Mullan BP, Hillman DR, et al. Am Rev Respir Dis

1989;139:902-10.
19. Tisi GM. Am Rev Resp Dis. 1979;119:293-310.
20. Lewis JW Jr, Bastanfar M, Gabriel F, Mascha E. J Thorac Cardio-

vasc Surg 1994;108:169-75.

21. Amar D, Burt M, Roistacher N, Reinsel RA, et al. Ann Thorac Surg
1996;61:516-20.

22. Neuman GG, Wiengarten AE, Abramowitz RM, et al. Anesthesiolo-
gy 1984;60:144-47.

23. Pullerits J, Holzman R. Can J Anaesth 1989;36:681-8.
24. Osaki T, Shirakusa T, Kodate M, et al. Ann Thorac Surg 1994;57:188-93.
25. Mizushima Y, Noto H, Sugiyama S, et al. Ann Thorac Surg

1997;64:193-8.
26. Barry J, Mead K, Nadel EC, et al. JAMA 1989;261:398-402.
27. ACC/AHA Task Force on Practice Guidelines. Anesth Analg

1996;82:854-60.
28. Von Knorring J, Leptantalo M, Lindgren L. Ann Thorac Surg

1992;53:642-647.
29. Ghent WS, Olsen GN, Hornung CA, et al Chest 1995;105:1454-57.
30. Miller JI. Ann Thorac Surg 1992;54:249-52.
31. Rao V, Todd TRS, Weisel RD, et al. Ann Thorac Surg 1996;62:342-7.
32. Rao TKK, Jacob KH, El-Etr AA. Anesthesiology 1983;59:499-505.
33. Ritchie AJ, Danton M, Gibbons JRP. Thorax 1992;47:41-3.
34. Didolkar MS, Moore RH, Taiku J. Am J Surg 1974;127:700-705.
35. Van Nostrand D, Ejelsberg MO, Humphrey EW. Surg Gynecol Ob-

stet 1968;127:306-12.
36. Amar D, Roistacher N, Burt ME, et al.  Ann Thorac Surg

1997;63(5):1374-1381.
37. Golledge J, Goldstraw P. Ann Thorac Surg 1994;58:524-8.
38. Slinger PD. Current Opinion in Anesthesiol 1999;12:49-54.
39. American Thoracic Society. Am J Resp Critic Care Med

1995;152:s78-121.
40. Parot S, Saunier C, Gauthier H, et al. Am Rev Resp Dis 1980;121:985-91.
41. Hanson CW III, Marshall BE, Frasch HF, Marshall C. Critic Care

Med 1996;24:23-8.
42. Douglas NJ, Flenley DC. Am Rev Respir Dis 1990;141:1055-70.



Slinger PD. Preoperative assessment for pulmonary resection MG

Revista Mexicana de AnestesiologíaS26

edigraphic.com

43. Douglas NJ, Calverley PMA, Leggett RJE, et al. Lancet
1979;1(8106):1-4.

44. Klinger JR, Hill NS. Chest 1991;99:715-23.
45. Schulman DS, Mathony RA. Cardiology Clinics 1992;10:111-135.
46. Myles PE, Madder H, Morgan EB. Br J Anaesth 1995;74:340-1.
47. MacNee W. Am J Resp Crit Care Med 1994;150:833-52.
48. Cote TR, Stroup DF, Dwyer DM, et al. Chest 1993:103:1194-97.
49. National Emphysema Treatment Trial. NEJM 2003;348:2059-73.
50. DeMeester SR, Patterson GA, Sundareson RS, et al. J Thorac Car-

diovasc Surg 1998;115:681-5.
51. Nguyen DM, Mulder DS, Shennib H. Ann Thorac Surg 1991;51:76-80.
52. Huglitz UF, Shapiro JH. Radiology 1969;93:995-1006.
53. Susaki F, Ishizaki T, Mifune J, et al. Chest 1990;97:534-8.
54. Nisar M, Eoris JE, Pearson MG, Calverly PMA. Am Rev Resp Dis

1992;146:555-9.
55. Warner DO. Anesthesiology 2000;92:1467-72.
56. Stock MC, Downs JB, Gauer PK, Alster JM, Imreg PB. Chest

1985;87:151-7.

57. Niederman MS, Clemente P, Fein AM, et al. Chest 1991;99:798-804.
58. Selsby D, Jones JG. Br J Anaesth 1990;64:621-31.
59. Kesten S. Clinic Chest Med 1997;18:174-81.
60. Dales RE, Dionne G, Leech JA, et al. Chest 1993;104:155-9.
61. Warner MA, Diverti MB, Tinker JH. Anesthesiology 1984;60:

383-90.
62. Akrawi W, Benumof JL. J Cardiothorac Vasc Anesth 1997;11:629-40.
63. Jonsson K, Hunt TK, Mathes SJ. Ann Surg 1988;208:783-7.
64. Gilron I, Scott WAC, Slinger P, Wilson JAS. J Cardiothorac Vasc

Anesth 1994;8:567-9.
65. Mueurs MF. Thorax 1994;49:1-3.
66. Ingrassia TS III, Ryu JH, Trasek VF, Rosenow EC III. Mayo Clin

Proc 1991;66:173-8.
67. Thompson CC, Bailey MK, Conroy JM, Bromley HR. South Med J

1992;85:1257-9.
68. Van Miegham W, Collen L, Malysse I, et al. Chest 1994;105:1642.
69. Horlocker TT, Wedel DJ,  Benzon H, et  al .  Reg Anesth

2003;28:172-9.


