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AND EXTRAPULMONARY OPERATIONS
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SUMMARY - The purpose of preoperative pulmonary assessment is to predict which patients are at great-
est risk of pulmonary complications, under which circumstances such complications may occur, and wheth-
er surgery should be denied based on that risk. Surgical site is the most important predictor of pulmonary
risk. The American College of Physicians suggest the following indications for preoperative pulmonary
function tests: patients undergoing cardiac or upper abdominal surgery with a history of smoking or dysp-
nea, patients undergoing lower abdominal surgery if prolonged operation is anticipated, patients undergo-
ing orthopedic surgery with uncharacterized lung disease, and all patients undergoing lung resection. These
tests include spirometry, diffusing capacity for CO, arterial blood gases, symptom limited cardiopulmonary
exercise testing, and quantitative differential lung perfusion scanning. None of these tests absolutely ex-
cludes a patient for surgery, however, they do identify patients at an increased risk of surgical morbidity and

mortality.
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Introduction

The purpose of preoperative evaluation is not to ‘clear’
patients for elective operations but rather to evaluate and,
if necessary, to implement measures to prepare high risk
patients for the operation. The best therapeutic option for
non-small cell lung cancer is surgical resection. Preopera-
tive outpatient medical evaluation can decrease the length
of hospital stay and minimize the rate of postponed or
cancelled surgeries'. Surgical morbidity and mortality gen-
erally fall into one of three categories: cardiac, respiratory
and infectious. Postoperative pulmonary complication is
defined as an abnormality that produces identifiable dis-
ease or dysfunction which is clinically significant and ad-
versely affects the clinical course. These include atelecta-
sis, infection (including bronchitis and pneumonia), pro-
longed mechanical ventilation and respiratory failure, ex-
acerbation of the underlying chronic lung disease, and
bronchospasm.
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Perioperative Pulmonary Physiology

Respiratory effects of general anesthesia

Anesthetic agents are associated with marked alter-
ations in respiratory drive, i.e. a diminished response to
both hypercapnia and hypoxemia. In combination with
neuromuscular blockers, volatile anesthetic agents cause
marked reduction in functional residual capacity due to
diaphragm and chest wall relaxation, thereby decreasing
thoracic volume. This decrease in lung volume induces
atelectasis in the dependent lung regions persisting for
more than 24 hours in 50% of patients. Consequently, ar-
terial hypoxemia occurs from ventilation perfusion mis-
match and increase in shunt fraction.

Patient and Procedure Related Risk Factors

Patient related risk factors

1) Age is not an independent risk factor for pulmonary
complications.

2) Obesity increases the risk of postoperative pulmonary
complications in patients undergoing abdominal sur-
gery but may not be a risk in thoracic surgery.
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3) General health status: ASA class and age are, however,
too coarse as methods of evaluation for the individual
risk and for giving judicious preoperative advice. Mul-
tifactorial cardiac risk indices such as that of Goldman
allow for overall evaluation of preoperative cardiovas-
cular risk in noncardiac operation, as a function of pre-
dictive clinical function elements?.

4) Even in the absence of chronic obstructive pulmonary
disease, current smokers have a twofold risk of post-
operative complications.

5) Chronic obstructive pulmonary disease is one of the
most important risk factors.

Procedure related risk factors

1) Site of operation: the incidence of pulmonary compli-
cations is inversely related to the distance of surgical
incision from the diaphragm.

2) Duration of operation: operations lasting for more than
3-4 hours have a higher incidence of pulmonary com-
plications.

3) Type of anesthesia: a study of high risk patients showed
the rate of respiratory failure to be significantly higher
with general anesthesia. General anesthesia includes
amnesia, analgesia and muscular relaxation®.

4) Key hole surgery — laparoscopic abdominal surgery is
associated with fewer postoperative pulmonary abnor-
malities and shorter hospital stay. Video-assisted tho-
racoscopic surgery utilizes much smaller incisions and
the effects are similar to laparoscopic abdominal sur-
gery considering possible pulmonary complications.

Thoracic Surgery, Cardiac Surgery and
Pulmonary Function Tests

"Thoracopulmonary operations can be divided into the
following categories:

1) operations of the thoracic wall (vertebral column, ster-
num, etc.);

2) operations of the pleura (decortications);

3) lungoperations: (a) which improves lung function (bul-
lectomy, volume reduction), and (b) with worsening of
the lung function (tumor operations); and

4) operations of other organs within the thorax (esopha-
gus, etc.).

Lung tumor operations

Several clinical tests are used to determine operabili-
ty in lung cancer patients. These tests include spirome-
try, diffusing capacity for CO (DLCO), arterial blood gas-
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es, symptom limited cardiopulmonary exercise testing,
quantitative differential lung perfusion scanning, and right
heart catheterization. The objective is to ascertain that af-
ter surgical resection of the lung for a tumor there will be
sufficient pulmonary reserve to keep the patient comfort-
able and will not become a respiratory cripple. One should
always evaluate the patient to determine whether he could
withstand pneumonectomy even if radiologically only a
lobectomy or limited resection is contemplated. On tho-
racotomy, the surgeon may be forced to do pneumonecto-
my because of an unexpected node over the pulmonary
artery. Each segment contributes by approximately 5% to
the pulmonary function. Spirometry provides the best
objective measurement of airway obstruction. Epidemio-
logic evidence suggests that by the time FEV1 is appre-
ciably reduced, there is usually extensive and symptom-
atic pulmonary pathology*®. When FEV1 is more than 2 1,
the risk of developing postoperative pulmonary complica-
tions is low. DLCO is used to measure gas exchange area
and cross-sectional lung capillary area. Patients with pre-
dicted DLCO of less than 55% are at an increased risk of
oxygen desaturation on exercise. Arterial blood gases are
routinely measured in patients to undergo lung resection.
If the patient’s CO, retention is due to an obstructive
defect, he is not considered a candidate for any lung re-
section. On the other hand, if CO, retention is due to caus-
es other than obstruction, e.g., central hypoventilation, it
is not a contraindication for surgery. If FEV1 is more than
11, it is unlikely that CO, retention is due to obstructive
defect. Spirometry, DLLCO and arterial blood gases are good
to test static pulmonary function and to identify resting
gas exchange abnormalities. However, they do not provide
any dynamic data on the patient’s function. Cardiopulmo-
nary exercise testing can provide such dynamic data. Ox-
ygen consumption, CO, production, work rate and cardi-
ac performance are measured during exercise. At maximal
work rate, oxygen consumption is calculated and report-
ed as ml of oxygen consumed per kg per minute. If patients
are able to exercise at more than 15 ml/kg/min on several
studies, their postoperative morbidity and mortality are
low. If their maximal exercise capacity is less than 10 ml/
kg/min, surgical morbidity and mortality are increased. The
amount of perfusion to a lung area correlates well with that
lung area’s contribution to spirometry. In some patients,
the diseased lung is the best lung. The best and most re-
cent method of estimating split lung function is to perform
quantitative V/Q scan. If the patient meets the following
criteria, no further workup is required: FEV1 >2 [, FEV1/
FVC >50%, MVV >50% of predicted, and RV/TLC <50%.
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If FEV1 is less than 2 1, split lung function testing should
be performed, e.g., FEV1 is 1.5 I: right lung perfusion is
30% and left lung perfusion is 70% (1.5x0.7=1.05), FEV1
after right pneumonectomy will be 1.05 I. If the predict-
ed FEV1 is less than 800 ml, which is usually accepted as
borderline, and if the surgeon still feels there is a resect-
able lesion with good prognosis, the next evaluation would
be to occlude pulmonary artery and measure pulmonary
artery pressure at rest and with exercise. If the pulmonary
artery pressure is elevated at rest or on exercise, the pa-
tient is not a candiate for pneumonectomy. The patient
obviously has no capillary bed reserve and is not able to
tolerate the loss of vascular bed. He will develop cor pul-
monale and the expected 5-year survival will be less than
50%. Complete resection of surgical stage I or IT non-small
cell lung cancer gives a predicted 5-year survival rate of
approximately 70% and 50%, respectively, exclusive of
operative mortality®. A multicenter study of more than
12000 thoracotomies assessed the incidence of in-hospi-
tal mortality for lung resection surgery. The in-hospital
mortality rate was 3.8% after wedge resection, 3.7% after
segmental resection, 4.2% after lobectomy, and 11.6% af-
ter pneumonectomy’.

Cardiac surgery

If the patient has unstable angina pectoris and signif-
icant left main or triple vessel stenosis, even the presence
of global respiratory insufficiency is not an absolute con-
traindication for coronary artery bypass surgery. When
pulmonary vascular resistance exceeds systemic by 50%,
corrective operation for Eisenmenger’s syndrome is con-
traindicated®. Atelectasis of the left lower lobe after cardi-
ac surgery is such a common finding that some reviewers
do not consider it a complication unless interfering with
postoperative recovery and patient’s discharge from the
hospital. A damage to the phrenic nerve by use of ice slush-
es to decrease myocardial oxygen demand during surgery
may be a major factor. Nerve injury may last from 30 days
to as long as 2 years, and is commonly associated with el-
evated left hemidiaphragm.

Abdominal and Other Sites of Surgical
Procedures

Upper abdominal surgery

The rate of pulmonary complications after surgery of
the upper abdomen is as great as 20%, which is significantly
more than that for surgery of the lower abdomen. The
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difference is in part due to the effect of the upper abdom-
inal surgery on respiratory muscles. Liver transplantation
is associated with a greater risk of postoperative pulmonary
complications (infection and acute respiratory deficiency
syndrome). Preoperative hypoxemia is often related to
intrapulmonary vascular dilatations, which are best docu-
mented by perfusion lung scanning or contrast echocardio-
graphy that demonstrates shunting’. Since severe hypox-
emia may pose an additional risk in these patients, a poor
preoperative response to 100% oxygen may preclude trans-
plantation. Laparoscopic surgery is associated with fewer
postoperative pulmonary abnormalities and shorter hospi-
tal stay'™'". Although these procedures involve smaller in-
cisions, the time of anesthesia is often longer.

Lower abdominal surgery

A very low risk of pulmonary complications has been
reported with surgery of the lower abdomen.

Extremity surgery

An increased risk of postoperative deep venous throm-
bosis and pulmonary thromboembolism is found in pa-
tients undergoing orthopedic surgery to the lower extrem-
ity, where the incidence of lower extremity clotting ap-
proaches 50%-60%.

Neurosurgery and head and neck surgery

Neurosurgical patients may have an altered mental
status and decreased ability to cough, which would lead
to lower tidal volumes and an increased risk of aspiration
of oral contents. Surgical procedures of the head and neck
for nonmalignant conditions, however, are not associated
with increased pulmonary morbidity or mortality. Anatomic
alterations of the upper airways after radical oncosurgical
operations may predispose these patients to aspiration of
saliva or food.

Conclusion

"To be certain that patients undergoing elective surgery
are optimally managed from the pulmonary standpoint, all
patients should have careful general history and physical
examination focused on eliciting complaints and identify-
ing signs of a disease that might alter their surgical risk.
As some patients with increased pCO2 values and obstruc-
tive lung disease can undergo coronary artery bypass sur-
gery and other major procedures successfully, this contrain-
dication is not absolute, except for patients having lung
resection. Hypoxemia is not a consideration. It is quite
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Sazetak

PRIJEOPERACIJSKA PULMOLOSKA OBRADA KOD PLUCNIH I IZVANPLUCNIH OPERACIJSKIH ZAHVATA
E Grubisié-Cabo, 1. Grbac, N. Perisa, K. Kovacié, D. Jurman i M. Janacek

Svrha prijeoperacijske pulmoloske obrade je predvidjeti koji bolesnici imaju najvedi rizik od nastanka pluénih komplikacija,
pod kojim okolnostima takve komplikacije mogu nastati i treba li operaciju otkazati zbog rizi¢nosti samoga zahvata. Najvazniji
prediktor pulmonalnog rizika je lokacija operacijskog reza. Americka lije¢nicka udruga preporuca slijedece indikacije za
prijeoperacijsku funkcijsku obradu pluca: bolesnici u kojih se planira operacija srca ili gornjeg abdomena s anamnezom pusenja
ili zaduhe, bolesnici u kojih se planira operacija na donjem dijelu trbuha ako se predvida dugotrajni zahvat, bolesnici s neodredenom
pluénom boleséu u kojih se planira ortopedska operacija, te svi bolesnici u kojih se planiraju resekcijski zahvati na plu¢ima.
Funkcijske pluéne pretrage obuhvadaju spirometriju, difuzijski kapacitet za CO, arterijsku plinsku analizu, simptomima ogranic¢ene
kardiopulmonalne stres testove, kvantitativnu diferencijalnu pluénu perfuziju. Prednost se daje individualnom pristupu glede
operacije, postivajuci pritom i volju bolesnika.

Kljuéne rijeci: Pluca, kirurgija; Pluca, dijagnostika; Funkcijske plucne pretrage; Prijeoperacijska skrb; Rizicni cimbenici
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