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"In acute diseases it is not quite safe to prognosticate either death or recovery .... " 

-Hippocrates 

Patients subjected to the rigors of .a surgical procedure must endure the 
necessary pain and stress that are involved in the postoperative healing process. 
Fortunately, most patients tolerate most surgical procedures quite well. Some, 
however, experience complications which may prolong hospitalization, impair quality 
or length of life, or result in death. This review will address those factors that 
contribute to and are predictive of significant postoperative pulmonary morbidity and 
mortality. 

The population of patients that is most likely to experience respiratory 
difficulties post operatively must be recognized before a study can identify the specific 
risk factors within that population 1 . This includes patients with underlying pulmonary 
disorders, those exposed to risks of pulmonary disorders (such as smoking), or those 
undergoing a type of surgical procedure that is more likely to produce a respiratory 
complication. Many reports in the literature also intermix true postoperative 
pulmonary complications with postoperative pulmonary events that may not directly 
cause morbidity, mortality or even prolong hospitalization. Therefore, one must 
carefully review the literature regarding postoperative pulmonary complications. 

PULMONARY EFFECTS OF ANESTHESIA: 

In order to perform a surgical procedure, the patient must be provided with 
adequate analgesia, muscle relaxation and usually amnesia. This may be 
accomplished in a variety of ways and with combinations of agents. General 
anesthesia may be administered as inhalational agents or intravenous agents. 
The following is a brief list of commonly used anesthetic agent types 2

: 

Nitrous Oxide: Excellent analgesic properties, some amnesia, no muscle relaxation-­
low potency - used with other agents 

Volatile agents: (halothane, enflurane, isoflurane) excellent, potent, and can be used 
as sole agent 

Narcotics: ·(morphine, fentanyl, sufentanil, etc.) often used to supplement other 
agents during induction, do not provide amnesia, little muscle relaxation 

Barbiturates: (short acting agents) good amnesia, no analgesia or muscle relaxation 
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Benzodiazepines: Used as an adjunct. No analgesic or muscle relaxation 

Neuromuscular blocking agents: (depolarizing agents) depolarization of the muscle, 
used for induction of anesthesia and intubation (non-depolarizing agents): fewer side 
effects 

General Anesthesia: 
(Impairment of pulmonary gas exchange) 

Ventilatory response: 

Both inhaled and intravenous anesthetic agents blunt the ventilatory response 
to hypoxemia. Even very low levels of anesthetic including nitrous ·oxide can 
significantly blunt the central response to hypoxemia, while intravenous opiates can 
affect the peripheral chemoreceptor response 3

. These effects are profound and can 
occur at the subanesthetic levels which often persist into the recovery rbom 3

. Thus, 
a patient with COPD who relies on the hypoxic drive is at increased risk of respiratory 
failure while receiving oxygen in the recovery room . The ventilatory response to C0 2 

is also blunted by inhaled anesthetics in a dose-dependent fashion and is worse in 
COPD patients 4.5. This may be countered by the ventilatory stimulation that occurs 
during surgical manipulation. With longer anesthesia time, the inhaled agents 
demonstrate less blunting of the C0 2 response 6

• Nitrous oxide is the exception that 
is known for its sparing effect on the PaC0 2 , and it is often used with other agents 
in spontaneously breathing patients 7

• The anesthetized, spontaneous breathing 
patient takes rapid, shallow breaths and no sighs. Narcotics produce slow, deep 
respirations but can cause apnea in higher doses. These problems are overcome by 
intubation and mechanical ventilatidn. 

Shunt: · 

During anesthesia many areas of the lung develop low ventilation/perfusion 
ratios. This is related to the decrease in the functional residual capacity, FRC, relative 
to the closing volume, the volume of air remaining in the lung at end exhalation 
beyond which the small airways begin to close 8

• The baseline closing volumes may 
be lower than the FRC in patients with COPD, the elderly and obese. Thus, with the 
fall in FRC due to anesthesia small regions develop that are not well ventilated or not 
ventilated. at all. These regions may still be well perfused, creating shunts 9

• 

Interestingly, although PEEP decreases the shunt, it does not improve oxygenation in 
this situation perhaps due to a simuitaneous decrease in cardiac output 10

• The amount 
of shunt that develops in those with increased closing capacities may be as much as 
11% 8

• 

Some inhalation anesthetic agents, opiates, nitroglycerine, nitroprusside and 
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other vasodilator drugs used in the operating room on patients with cardiovascular 
diseases can reverse the normal hypoxic vasoconstrictive response to alveolar hypoxia 
11

·
12

• Theoretically, this would increase sh.unting through the unventilated areas of the 
lung. In this situation the addition of PEEP has been found to reverse. the increased 
hypoxemia associated with infusions of nitroglycerine 12

. 

Ventilation-Perfusion Mis-Matching: 
The induction of anesthesia causes a redistribution of ventilation and an 

increase in alveolar dead space due to more ventilation to the nondependant regions 
of the lungs 5

·
13

. Intubation and mechanical ventilation does not correct this problem 
since most anesthesia machines contribute additional dead space, thus adding back 
the dead space that may have been corrected by intubation. Further, administration 
of anesthesia to patients with COPD increases dead space to as much as 70% of the 
tidal volume 5 • · 

The reduction in FRC during anesthesia ranges from 11% to as much as 17% 
5

·
8

•
14 It is caused by many factors: the relaxed diaphragm shifts cranially, the 

relaxation of the chest wall also decreases the thoracic volume while some blood 
volume shifts from the thoracic compartment into the abdominal 14

• As a secondary 
event, areas of atelectasis develop within minutes after induction of anesthesia 10 

These can be prevented by the addition of PEEP. 

The inhalation agents can actually cause bronchodilatation by inhibition of 
airway reflexes, causing dilation of smooth muscles and possibly by increasing beta 
adrenergic tone 11

·
15

. The inhibition of airway reflexes is also seen with deep 
thiobarbiturate anesthesia and is due to blocking of acetylcholine release from the 
nerve terminals of the parasympathetic system 15

. Finally, mucociliary clearance is 
decreased during and for several days following general anesthesia 11

·
16

. This is often 
a significant problem for patients with increased mucus production preoperatively such 
as those with obstructive airways disease. 

REGIONAL ANESTHESIA 

Spinal anesthesia is sometimes chosen for surgical procedures when general 
anesthesia is not mandatory. The physiological effects of this typ.e of anesthesia are 
quite diUerent. Since the diaphragm is innervated by the cervical roots, spinal 
anesthesia does not impair its function. In addition, the accessory muscles are also 
innervated by the cervical roots, and are preserved. Nevertheless, the FRC may be 
reduced with spinal anesthesia. Loss of the abdominal muscle tone decreases forced 
expiration, hence, there is a reduced ability to cough and clear secretions. This can 
be detrimental to patients with obstructive airways disease who make use of active 
expiration and have increased secretions that must be expectorated . Several studies 
have found that there is no difference between the use of spinal vs general anesthesia 
in the incidence of postoperative pulmonary complications 17

.
19

• 
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Respiratory arrest can occur during high spinal anesthesia and has been 
attributed to medullary ischemia secondary to systemic hypotension and a decreased 
cardiac output 2

• Most studies indicate there is little change in gas exchange during 
spinal anesthesia 18

·
20

• Regional blocks of extremities .have little effect on the 
respiratory system. One exception is the risk of pneumothorax with a supraclavicular 
or infraclavicular block of the brachial plexus. A slight risk of also blocking the phrenic 
nerve exists with an interscalene block. 

Although the respiratory risks of the anesthesia appear to be less, the use of 
spinal anesthesia is not without cardiovascular risks, however. Spinal anesthesia 
produces vasodilation below the level of the sympathetic block affecting both the 
arterioles and veins 21

• Thus, both cardiac preload and afterload are reduced. 
Cardiovascular effects vary depending on the level of anesthesia in relation to the 
origin of cardiac sympathetic fibers( T1 -T4), absorption of drugs from the peridural 
space, and whether anesthesia is subarachnoid, or epidural 21

-
23

• 

CLINICAL PULMONARY COMPLICATIONS: 

Evaluation of patients prior to non-cardiac surgery for the risks of developing 
postoperative cardiac complications such as episodes of heart failure, perioperative 
myocardial infarction or death has become well established 24

·
25

• On the other hand, 
the ability to accurately predict postoperative pulmonary complications has remained 
relatively imprecise. Part of the difficulty lies in defining what constitutes a 
postoperative PULMONARY complication. Early studies used endpoints such as 
subsegmental atelectasis, increased sputum production, dyspnea or cough which may 
not have contributed significantly to the length of the patient's hospital · stay or to 
morbidity. However, complications such as respiratory failure requiring prolonged 
mechanical ventilation, severe pneumonia that prolong hospital stay or complications 
that result in death are regarded as having greater importance to the patient and 
physician, and are obviously those that are to be most avoided. The combined effects 
of both cardiac and pulmonary diseases also must be considered. A patient who is 
otherwise considered to be at moderate risk of developing a cardiac event may 
increase that risk in the presence of post operative respiratory failure and hypoxemia. 
Finally, many early studies on determining the risk of developing postoperative 
pulmonary complications did not address the risk of pulmonary thromboembolism. 

Modern therapies directed toward reducing postoperative complications in 
general have changed the approach to the patient who is being considered for a 
surgical procedure. Improved surgical techniques, early mobilization, and shorter 
surgical procedures have broadened the ability to offer surgery to patients who may 
have been rejected as acceptable candidates a decade ago. While prolonged hospital 
stay, prolonged mechanical ventilation (beyond 24 hours), and death are easily 
understood complications, comments about other pulmonary complications are in 
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order. 

Atelectasis: 

Atelectasis is defined as alveolar collapse. According to Laplace's theory a 
distensible sphere has an increased surface tension as the radius decreases. 
Surfactant is produced by the type II alveolar cells and serves to counteract the 
increases surface tension in the small alveoli. Hence, damage to the type II alveolar 
cells can cause less surfactant production and atelectasis at a microscopic level. 
Prolonged breathing at small tidal volumes due to splinting from pain, inadequate 
respiratory muscle function, compression of the lung from pleural effusions, or 
pneumothorax and sometimes absorption of high levels of oxygen from poorly 
ventilated lung units can lead to micro-atelectasis. This is important in that it is a 
cause of post operative hypoxemia from shunting of blood through some of these 
atelectatic units with a relatively clear chest x-ray 9·

26
• Macro-atelectasis, on the other 

hand is a term applied to atelectasis of larger lung units that are visible on the chest 
radiograph as segmental or lobar collapse. Sometimes an entire lung is affected. 
Lobar collapse is usually due to retained secretions, or mucus plugging with or without 
associated bronchospasm. Additional contributing factors are damage to a phrenic 
nerve during cardiothoracic surgery, or impairment of the diaphragm following 
abdominal surgery. 

Pneumonia: 

The presence of fever, purulent secretions, leukocytosis and a pulmonary 
infiltrate on chest radiograph is most commonly used as a definition of a pneumonia. 
However, this definition has recently been questioned yvhen applied to patients in 
intensive care units on mechanical ventilators. Using bronchoscopic cultures of lungs 
with a telescoped protected brush, Fagan, et al., determined that as few as 35% 
patients on mechanical ·ventilators actually had bacterial pneumonia 27

. Most 
importantly, those who did not have positive cultures and were not treated with 
antibiotics had favorable outcomes. Since only half of the patients in Fagan's study 
were postoperative, it has not been determined if this definition could be applied to 
all postoperative surgical patients on mechanical ventilators. It does raise question 
regarding the clinical definition of bacterial pneumonia in mechanically ventilated 
patients. In spontaneously breathing patients, however, retained secretions, 
atelectasis and poor cough can promote bacterial colonization of the lower airway and 
development of pneumonia. 
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Respiratory Fa ilure: 
An acute rise in the arterial pC02 with associated hyp.oxemia and acidosis is 

recognized as a definition of acute respiratory failure. Postoperative causes are 
multiple: ventilatory insufficiency in resectional surgery, over sedation from prolonged 
anesthesia effect or pain medications, exacerbations of obstructive airways disease, 
dysfunction of the respiratory muscles, volume overload and/or myocardial pump 
failure. 

ARDS may develop in the post operative patient for a variety of reasons. 
Commonly it is related to the original need for surgery, such as trauma, massive 
transfusions, head injuries or sepsis syndrome in a patient with an abdominal abscess, 
infarcted bowel, etc. Thorough discussion is beyond the scope of this topic. 
However, patients with ARDS postoperatively are usually considered to have suffered 
a postoperative pulmonary complication. 

Pulmonary Thromboembolism: 

This is a well recognized postoperative complication which has been stratified 
into those patients and surgical procedures with increased risk factors. The incidence 
of postoperative thrombosis in general surgery patients can be lowered by · use of 
several different effective measures 28

• 

Classification of the Risk of Postoperative Venous Thromboembolism 29 

rusk Category 

High risk 
General surgery · in 

patients >40 yr with 
recent history of 
DVf or PE 

Extensive pelvic or 
abdominal surgery 
for malignant disease 

Major orthopedic 
surgery of lower 
limbs 

Moderate risk* 
General surgery in 

patients >40 yr 
lasting 30 min or 
more 

Low risk 
Uncomplicated surgery 

in patients <40 yr 
with no additional 
risk factors 

Minor surgery (ie, <30 
min) in patients >40 
yr with no additional 
risk factors 

Risk of Venous 
Thromboembolism, % 

Proximal Fatal 
Calf Vein Vein Pulmonary 

Thrombosis Thrombosis Embolism 

40-80 10-20 1-5 

10-40 2-10 0.1-0.7 

<10 <1 <0.01 

•rusk is increased by adv&.ncing age, malignancy, prolonged immo­
bility, varicose veins, and cardiac failure. 
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EFFECTS OF TYPES OF SURGERY ON THE RESPIRATORY SYSTEM: 

Early studies demonstrated that the type of surgery was a major factor in 
determining whether or not the patient would suffer from a postoperative pulmonary 
complication. Consequently the different types of surgery will be addressed 
separately: 

Upper Abdominal Surgery: 

When specifically sought, the pulmonary complications following surgery to the 
upper abdomen is often greater than 20% 30

• The most common reported 
complication is atelectasis which often is of little clinical significance 31

• The 
separation of upper abdominal surgery from lower abdominal surgery is warranted here 
since it is known that the post.operative complication rate is higher in the former 30

• 

One of the mechanisms contributing to this difference is the effect of upper abdominal 
surgery on the respiratory muscles. 

Although the minute ventilation, the volume of air moved per minute, remains 
the same following abdominal surgery the tidal volume falls and the respiratory rate 
increases. This particular breathing pattern persists for several days up to one week 
and is associated with a fall in the vital capacity (see figure) 32

•
33

• 
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Post operative vc, FRC, and Pa0 2 (on room air) as percent of preoperative values. 

As early as 1914 Pasteurnoted that patents developed a paradoxical breathing 
pattern following upper abdominal surgery which he attributed to diaphragmatic 
paralysis or weakness 34

. During normal breathing there is a tight link between both 
the inspiratory accessory neck muscles and intercostal muscles which stabilize and 
elevate the rib cage, to the diaphragm which descends during contraction thus further. 
expanding the thoracic volume. Patients with weak diaphragms may contract the 
diaphragm and abdominal muscles during expiration pushing air out of the lung so that 
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the following inspiration begins at a lung volume below the normal FRC. At the 
beginning of inspiration the relaxation of the expiratory muscles is associated with a 
fall in the gastric pressure which is transmitted to the pleural space and expansion of 
the lung occurs. Also, as noted by Pasteur, the weakened diaphragm may not 
contract completely and the negative pressure formed by contraction of the intercostal 
and accessory muscles in the neck serve to 'suck' the diaphragm into the chest. 
Hence, the inspired volume is less, the vital capacity falls and there may be an 
increased tendency to collapse alveoli. 

Using magnetometers and measurements of gastric and pleural pressures the 
breathing patterns of patients following upper abdominal surgery were characterized 
32

·
35 (see diagram): 

Konno·Mead diagram 
of chest wall configuration in pa· 
tients undergoing cholecystec~ 
tomy. Change in ribcage diameter 
(A <l>RC) was plotted against 
change in abdominal diameter (A 
<l>Abd) for each of the designated 
time periods. Each loop repre· 
sented a tidal breath. These data 
showed a shift from predominantly 
abdominal breathing to ribcage 
breathing and back again. Bars 
indicate ::!: 'SEM. 1 =Control; 
2 = 2-4 hours · pol;wperative; 
3 = 6-8 hours postoperative; 
4 = 24 hours postoperative; 5 = 48 
hours postoperative. 
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Change in rib cage diameter was plotted against change in abdominal diameter for each of the designated 
time periods. Each loop represented a tidal breath. These data showed a shift from predominantly 
abdominal breathing to rib cage breathing and back again . from reference 35 

· · 
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All patients shifted to a pattern of breathing that increased the rib cage 
excursions. Other studies have demonstrated that patients may also adopt a pattern 
with increased use ·of the abdominal expiratory muscles as described above 36

·
37

. · 

Furthermore, other factors may decrease the function of the diaphragm post 
operatively such as hypophosphatemia and hypocalcemia 38

·
39

. 

Studies in anaesthetized animals (dogs and cats) demonstrated that there is a 
reflex inhibition of neuronal stimulation to the diaphragm with manipulation or 
stimulation of abdominal viscera, and in humans this inhibition can be reversed by 
administration of epidural anesthesia 37

·
40

. This effect can also be found with 
distention of the esophagus in animals and humans 41

.4
2

• General anesthesia itself has 
not been found to produce the same findings. Also, laparotomy causes an inhibition 
of the expiratory abdominal muscles which are needed for coughing 43

. Whether or 
not these physiological responses to abdominal surgery are linked as a cause and 
effect to the decrease in vital capacity and formation of atelectasis is speculative. 
These changes appear to be due to reflexes rather than pain alone. However, this 
breathing pattern is likely to promote atelectasis which may in turn lead to retained 
secretions and possibly pneumonia in the postoperative patient. 
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Intercostal muscle activity 1 phrenic nerve activity I and tidal volume during dilation of the small intestine. 
Closed triangles show intercostal muscle activity and closed squares show the decrease in phrenic nerve 
activity with a slight decrease in tidal volume (closed circles). A. Before and B. after mesenteric denervation 

. 40 

Laparoscopic cholecystectomy: 

The newer technique of laparoscopic cholecystectomy has been reported to be 
associated with fewer postoperative respiratory complications 44

. Comparisons to 
open surgical techniques may be difficult since patient selection and follow up of 
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patients in different studies may not be similar . Nevertheless, studies have revealed 
improved postoperative lung function after laparoscopic surgery 45

.4
6

• These results 
seem logical since this technique involves smaller incisions in the abdominal muscles 
and less manipulation of the abdominal organs which helps minimize the adverse 
effects of the surgical procedure on the patients. Finally, early ambulation and 
discharge from the hospital (mean hospital stay of 1.2 days) probably contribute 
significantly to a decreased incidence of postoperative complications of laparoscopic 
p raced u res 44

• 

Non-pulmonary Risk Factors: 

"Hence a small disturbance will speedily cause death in old age." 

On Youth and Old Age 
-Aristotle 

Several studies 47
-
49 have examined the non-pulmonary factors that contribute 

to postoperative pulmonary complications in the patient undergoing upper abdominal 
surgery: While these factors may have a relatively good positive predictive value, 
they do not have a good negative predictive value 47

.4
8

• The non pulmonary risk 
factors are listed below: 

Duration of surgery (greater than 2 hours) 
Age (greater than 60 years) 
Presence of significant medical disease (ASA classification > 1) * 
Gender (male) 
Smoking 

The ASA (American Society of Anesthesiology) score is used by 
anesthesiologists to determine preoperative risks based on simple clinical criteria. 
Although this scoring system has been criticized for its subjectivity, most would agree 
that any score above 1 is relatively easy to identify 50 

• 

. . 
* ASA score: class 1 = healthy, class 2 = mild to moderate systemic disease, class 
3 = severe systemic disease, class 4 = severe systemic disorders that are already 
life threatening, and class 5 = moribund 

Not listed in this scoring system is the nutritional state of the patient, which 
may be linked to underlying illnesses. Nevertheless, it is relevant to the development 
of postoperative complications 51

• 
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Lower Abdominal Surgery: 

A very low risk of pulmonary complications have been found in studies on 
patients with surgery to the lower abdomen (appendix, inguinal hernia, female and 
male genital tracts) 49

·
52

• The effects of this type of surgery on the postoperative 
ventilatory pattern are similar to but much less than those involving the upper 
abdomen 52

• These patients may still be at an increased risk for postoperative deep 
venous thrombosis and pulmonary embolism. 
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20 
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Postoperative VC and FRC (as percent of preoperative values) following lower abdominal surgery. from ref 
52 

Extremity Surgery: 

In general, the incidence of significant pulmonary complications such as 
pneumonia or respiratory failure are not significantly increased, even in those patients 
with underlying pulmonary disease. Cardiovascular diseases often are the primary risk 
determinants in medical patients needing extremity surgery. Surgery on the hip or 
lower extremity carries an increased risk for post operative DVT and pulmonary 
thromboembolism. The incidence is highest in those receiving orthopedic surgery to 
the lower extremity where the incidence of lower extremity clot approaches 50-60% 
53

• The incidence of severe or fatal pulmonary thromboembolism in these groups may 
approach 5% if routine preventive measures are not used 29

·
53

. 

Head and Neck: 

Surgical procedures on the head and neck for non-malignant conditions are not 
associated with increased pulmonary morbidity or mortality. Complications are more 
likely to be related to the type of and duration of anesthesia. Cancer surgery, on the 
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other hand, is often extensive and performed on older patients. Carcinomas of the 
head and neck region are usually found in heavy smokers who also have a higher 
probability of having significant obstructive airways disease, although these patents 
usually tolerate radical surgical procedures without significant respiratory difficulties. 
The exception to this would be the anticipated alteration of the upper airway which 
predisposes these patients to aspiration of oral contents or food. The presence of 
increased mucus production preoperatively may cause increased problems with 
removal of secretions post operatively. However, there are few studies that indicate 
there is an increased incidence of postoperative respiratory complications in these 
patients. Neurosurgical patients also may have decreased ability to cough, and due 
to altered mental status, may have lower tidal volumes and an increased risk of 
aspiration of oral contents. 

THORACIC SURGERY: 

Thoracotomy: 

With simple thoracotomy, the chest wall sustains the majority of the injury, 
resulting in a decrease in chest wall compliance 54

• There is a reduction in vital 
capacity and alveolar ventilation with subsequent hypoxemia . These changes are 
most marked at 2 to 3 days postoperatively, but may persist longer. The decrease 
in chest wall compliance and vital capacity is often aggravated by pain. Attempts to 
control the pain with narcotics may further depress respiration and promote 
atelectasis, however. 

Cardiac Surgery: 

Left lower lobe atelectasis is found up to 90% of the time and is such a 
common finding in postoperative cardiac patients that some don't even consider this 
to be a complication unless it interferes with the postoperative recovery and discharge 
of the patient 55

• The causes are multifactorial, but damage to the phrenic nerve 
during surgery by using iced slushes to decrease myocardial oxygen demands may 
contribute significantly 55

• Damage to the nerve may last from 30 days to as long as 
2 years, and is associated with an elevated left hemidiaphragm 56

-
58

• The incidence 
ranges from 26% to 73%, but is decreased if pericardia! insulation is used 59

·
60

• Other 
operative factors associated with damage to the phrenic nerve are longer bypass 
times, entrance into the pleural cavity, or direct damage from mobilization of the _ 
internal mammary artery 59

. The internal mammary artery lies close to the phrenic 
nerve at the thoracic inlet where manipulation can result in inadvertent damage to the 
phrenic nerve. Bilateral phrenic nerve damage is much less common, ·but is associated 
with greater·morbidity, often requiring prolonged mechanical ventilation 60

• A recent 
study of patients with COPD found spirometry was not an independent predictor of 
post operative pulmonary complications in cardiac surgery 61

• The use of 
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bronchodilators and any abnormality (including hyperinflation) on the chest x-ray 
predicted serious complications or death in 33% 61

• 

Esophageal Surgery: 

Pulmonary complications defined as respiratory infections, respiratory failure or 
death from respiratory causes are high in patents receiving thoracotomy for resection 
of esophageal carcinomas. Age greater than 65, poor nutritional status and 
hypoxemia were the best predictors of these complications 62

. These risks are usually 
greater because these surgical procedures are often very long, may involve procedures 
below as well as above the diaphragm and these cancers often occur in older patients 
whq have significant smoking histories which predisposes them to obstructive lung 
diseases and cardiovascular diseases 62

• 

Video Assisted Thoracoscopic Surgery/Thoracoscopy: 

Recently there has been a resurgence of a previously abandoned technique, the 
use of the thoracoscope to perform surgical procedures in the chest. This procedure 
was used frequently in the 40's and 50's in treatment of the tuberculous pleural 
space, but abandoned in favor of larger incisions to allow the surgeon better access 
and hemostasis. However, newer technologies such as the videoscope, the staple 
gun and the laser knife now allow thoracic surgeons to operate through significantly 
smaller incisions. Not only are the size of the incisions smaller, the recovery and 
hospitalization time shorter, but the complication rate also appears to be reduced 63

. 

Examination of the pleural space, biopsies of the pleura and lung, surgical staging of 
the mediastinum, some esophageal surgeries, surgical resection of solitary masses, . 
pericardia! windows and lobectomies are now performed using this technique 63

.
66

. 

Certainly, the hospitalization time is significantly reduced to 3 to 5 days as compared 
to 8 to 10 days for larger procedures 67

•
68

• Again, the lower complication rate is partly 
due to the earlier mobilization and. discharge of the patients from the hospital. The 
smaller incisions, performed without spreading of the ribs, and limited manipulation 
of internal organs may also contribute to less postoperative pain and quicker recovery. 
It is likely that this technique will allow many patients with otherwise prohibitive lung 
function to receive surgery to the thorax, including some resections of peripheral lung 
cancers 66

·
69

• 

Lung resection surgery: 

Today resection of the lung is primarily done for bronchogenic cancer. In the 
1940's and 1950's lung resection surgery was performed for infectious processes 
such as abscesses, bronchiectasis or tuberculosis. Thoracoplasty, chest wall collapse 
of 5 to 7 ribs, was often performed in tuberculosis patients. The intent was to 
prevent problems with residual air spaces in the thorax and to prevent over distention 
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of the remaining lung. Unfortunately this procedure sometimes resulted in progressive 
scoliosis to the operated side and further respiratory embarrassment, so this procedure 
has been largely abandoned 70

• In 1955 Gaensler reported a 40% mortality following 
thor"acoplasty or resectional surgery for tuberculosis in patients with decreased lung 
function 71

. Over the years several attempts have been made to predict which 
patients would best tolerate resectional surgery of the lung . Unfortunately, some of 
the earlier studies did not effectively separate cardiac events from pulmonary in their 
assessment of post operative complications in thoracic surgery pat ients 72

-
74

. A recent 
multicenter study of more than 12 thousand thoracotomies performed between 
January 1983 and December 1986 examined the incidence of in-hospital mortality for 
lung resectional surgery regardless of the criteria used for selection of patients . They 
found in-hospital mortality of 3.8% after wedge resection, 3. 7% after segmental 
resection, 4.2% after lobectomy and 11.6% after pneumonectomy 75

. Using 
multivariate regression analysis, the significant pr~dictors of in-hospital mortality were 
age greater than 60 years, male gender, extended resection, chronic lung or heart 
diseases, diabetes and size of the hospital 75

. These figures are higher than those in 
some reported series 76

-
78

, but they are not far from others 79
·
80

• 

In addition to the above association between extent of pulmonary resection and 
morbidity, there is a significant eaf'ly loss of lung function with lobectomy that 
improves with time 76

·
81

·
82

• Hence, patients that have marginal lung function may have 
greater difficulties immediately following lobectomy than anticipated based on the 
predicted postoperative lung function. This does not occur with predictions for 
pneumonectomy patients, however. 

Long term survival: 

Complete resection of a surgical Stage I or II non-smail cell lung cancer results 
in a predicted five year survival of 70 to 50% respectively 83

·
84

. However, one may 
question the validity of the procedure if that same curative surgery causes severe 
postoperative morbidity, mortality or leaves the patient incapacitated from loss of lung 
function. The mortality of severe obstructive lung disease with a forced expired 
volume in one second, FEV1, less than 0 .8L/sec (in an adult male) with associated cor 
pulmonale is relatively high, with a five year survival of only 20-30% 85

·
86

, which in 
some series approaches that of unresectable lung cancer in relatively healthy 
individuals treated with radiation 87

• 



15 

%Surviving % Surviving 

1 00 ..---------------------, 100 ~-------------------. 

80 80 -

60 60 -

40 
40 -

20 -
20 

p : <0.01 
0 L---------~--------~ 

12 24 36 48 60 
12 24 36 48 60 Months alter Treatment 

A Months alter Treatment 9 
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• 
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Predicting Post Operative Lung Funtion: 

Thus, whenever lung tissue is to be removed, serious consideration needs to 
be made as to how much lung function will remain . Over the past several years 
improved techniques for making this prediction have been described. Earlier studies 
used bronchospirometry or the lateral position tests to determine the function of each 
lung so that a predicted value after pneumonectomy could be determined · 88

·
89

. 

Difficulties in performing the tests and lack of reproducibility of the lateral position 
tests 90 resulted in them falling out of favor. However, in an attempt to predict the 
postoperative lung function, quantitative lung scanning has been used to determine 
the function of a lung or a portion of a lung. Radioactive xenon ventilation scanning 
has been used to predict the volume of lung that was to be resected 81

·
91

. A good 
correlation between the predicted post operative lung function · was found in both 
studies . These correlations were pertinent only for pneumonectomy or lobectomy, 
and not so for smaller resections 81

• In 1980 Wernly, et al examined both ventilation 
and perfusion scans to predict postoperative lung function in lobectomy and 
pneumonectomy patients and found no difference in predictive value with either 
method 92

. These good correlations have been found in other studies 80
·
93

-
95

. Although 
this method was good for predicting postoperative lung function, it was less 
satisfactory as a predictor of complications. The greatest variability among these 
studies was the use by some of a predicted postoperative FEV1 value less than 
0.8L/sec as a lower limit to deny surgery. This may have been unfortunate for the 
female patients in these studies because an FEV1 of 0.8 Usee could be nearly normal 
for a small woman of 55 years. It is now suggested that the absolute postoperative 
predicted FEV1 be determined, then examined as a percent of the normal predicted 
value for that patient. 

One method of using the quantitative lung scan to calculate the postoperative 
FEV1 is as follows : 

The expected loss of function = Preop FEV1 X (%of function of the affected 
lung from the lung scan) 

= (Number of segments in lobe to be resected) 
(Total number of segments in the whole lung) 

Thus, quantitative lung scanning predicts the postoperative lung function, but it 
does not accurately predict postoper.ative morbidity or mortality 80

·
81

·
96

. One study 
noted the agreement of the perfusion lung scans in estimating changes not only in 

· spirometric indices such as FEV1 , MVV, FVC, but also the diffusing capacity of the 
lung and the exercise capacity 95

. 
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EVALUATION OF PATIENTS FOR SURGERY: 

CARDIOVASCULAR ASSESSMENT: 

The most important factors in postoperative morbidity and mortality are those 
due to postoperative cardiovascular events. The risks for these complications can be 
adequately assessed using easily determined criteria 24

'
20

. Discussion of this topic is 
beyond the scope of this review, but these factors must also be considered when 
evaluating patients for surgery. 

PULMONARY FUNCTION STUDIES: 

Low Risk Surgery: 

Patients who are about to undergo surgical procedures that are known to be 
very low risk for pulmonary complications do not need preoperative pulmonary 
function studies. Exceptions may be made to this generalization for those patients 
with advanced age, known pulmonary disease and anticipated prolonged anesthesia 
time or anticipat ion of significant postoperative pain or prolonged bed rest. The 
established preoperative lung function may be used as a guide for the immediate pre 
and post operative care . 

. Upper Abdominal Surgery and Thoracotomy: 

These procedures as stated above are associated with a significant rate of 
postoperative pulmonary complications. Knowledge of the extent of the pulmonary 
dysfunction before surgery will lead to increased post operative vigilance, although 
they may not predict postoperative complications 97

• 

Lung Resection Surgery: 

Lung tissue is also removed in addition to the alterations of chest wall and 
respiratory mechanics from the thoracotomy. Many studies have used pulmonary 
function studies both to determine how much lung can safely be removed and as 
predictors of postoperative morbidity. Boushy et al found that an FEV1 less than 2L 
and an FEV /FVC less than 50% in patients over 60 years old was associated with 
both a higher postoperative mortality following surgery and worsening dyspnea in 
40% of these patients 98

• Similar findings were obtained by others 74
• In 1973 

Lockwood extensively analyzed pulmonary function studies to identify those at high 
risk for resectional surgery 99

. Lockwood's results, however, were less than 
satisfactory and Keagy et al found no predictive value from lung function studies 100

• 

Nevertheless, some predictive value appears to exist for obtaining pulmonary function 
studies for those patients about to undergo resection surgery of the lung. Age less 
than 60 with normal lung function and less extent of surgery are expected to have a 
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significantly lower mortality. Very low complication rates were reported in one study 
that stratified the patients according to their pulmonary function studies and 
anticipated extent of surgery 78

. Unfortunately, these rates were not reproducible with 
other studies, although the values of PFTs proposed in this study were often used as 
criteria for resectability. 

Routine spirometry is usually performed on most adults considered for 
resection of the lung. Based on the predictive factors for postoperative morbidity and 
mortality, all patients with known or suspected underlying pulmonary disease, 
cardiovascular disease, diabetes, need for extensive surgery or age greater than 60 
years should have pulmonary function studies performed. These should include the 
forced expired volume in one second (FEV1), the forced vital capacity (FVC), and the 
single breath diffusion capacity of the lung. Arterial blood gas analysis has not been 
shown to be of predictive value for post operative complications, but is often obtained 
to assist with post operative management 49

• The exception is a stable PaC02 > 45 
which has been noted to be associated with respiratory complications 97

. 

Resection of a lung or portion of a lung may cause respiratory embarrassment 
if insufficient lung parenchyma remains to accommodate the demands of the 
postoperative course or of daily life. Fortunately, the normal pulmonary circulation has 
the capacity to vastly expand to meet the demands of pneumonectomy where the 
remaining lung must suddenly receive the entire cardiac output. If underlying 
pulmonary vascular disease exists, such as from recurrent pulmonary emboli or 
destruction from emphysema causing loss of the pulmonary capillary bed, an increase 
in pulmonary vascular resistance can occur after resectional surgery. This can 
precipitate acute right heart failure and increased morbidity or mortality beyond 
hospital discharge. It was this understanding that precipitated several studies that 
measured ttie pulmonary vascular resistance or pulmonary artery pressures via right 
heart catheterization in order to predict the postoperative morbidity and mortality in 
patients undergoing resectional surgery of the lung 101

·-
106

• An increase in the PVR or 
mean pulmonary artery pressure either with balloon occlusion of the pulmonary artery 
on the side to be resected or an increase during exercise was found to be associated 
with a poor prognosis 102

·
105

·
106

• One study noted pulmonary artery hypertension 
'developed over time after pneumonectomy although immediate post operative values 
were not obtained 104

. 

Si.nce balloon occlusion of the pulmonary artery is necessarily invasive and 
carries a certain morbidity and mortality, it is not routinely used. The first studies of 
this nature were described in 1951. Since then, recognition of the importance of the 
pulmonary circulation has increased and other methods to indirectly examine the 
pulmonary vascular bed have proven more useful. Ferguson, et al found this to be 
measurement of the diffusing capacity of the lung for carbon monoxide (DLCO) which 
served as a good predictor of mortality following resectional surgery 79

• 
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A retrospective review of 237 patients who underwent lobectomy, 
bilobectomy, or pneumonectomy in a large volume Chicago hospital was conducted 
with logistic regression analysis to determine the most important predictor of 
morbidity and mortality. Of all the parameters examined, the DLCO corrected for lung 
volume and hemoglobin was the best predictor of mortality and the only parameter 
that predicted postoperative pulmonary complications 79

• (This has been further 
substantiated by examination of a large·r population of patients by the same 
investigator). Other studies have not found this correlation, or found that a decreased 
DLCO only predicted postoperative morbidity, not mortality 76

·
107

-
109

. These may be 
due to differences in reporting the DLCO as an absolute value vs corrected for Hb and 
volume. Rejection of patients for surgery with low DLCO would result in a decrease 
of post operative mortality by 33% and postoperative complications of 14%. 
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A low DLCO also correlates with a fall in the arterial p0 2 during exercise which is 
demonstrated in the diagram below from Murray, The Normal Lung 110

: 

Point A represents equilibration of 
oxygen in the blood and alveoli at rest, 
Point 8 represents increased blood flow 
through the capillaries during exercise in 
normal individuals and demonstrates that 

· equilibration of oxygen still occurs. Point 
8 also represents the increased blood 
flow in the remaining vessels under 
resting conditions in individuals with loss 
of the pulmonary capillary bed. When 
these individuals exercise, the blood flow 
increases further, no equilibration occurs 
and oxygen levels fall, Point C. Point 8' 
represents the fall in oxygen level during 
exercise in individuals with a decreased 
diffusing capacity due to a thickened air­
blood barrier. 

EXERCISE TESTING: 
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Whether postoperative morbidity or mortality from resectional surgery could_ 
be best predicted by exercise testing preoperatively was addressed by Reichel in 1972 
107

. They found increased postoperative pulmonary complications in many of the 
patients who failed to complete a graded incremental exercise protocol (37). Many 
subsequent studies have been reported with varying degrees of predictability which 
range from no predictive value 111

·
112

, to those that were able tp stratify the likelihood 
of postoperative complications and morbidity on the level of exercise achieved 
108

·
109

·
113

-
115 Unfortunately, the studies which did not find predictive value either 

included surgical complications (wound infection) or did not well define the 
postoperative pulmonary complications. Hence, it is likely that there may be some 
value in performing some form of evaluation of the patient's preoperative exercise 
capacity. This may be particularly true for those patients whose static lung function 
studies are borderline, allowing some patients to undergo surgery who may have been 
rejected on the basis of the static lung function studies 116

• Although not used to 
predict postoperative outcome, one study found the number of stairs climbed 
correlated well with preoperative spirometry, which is useful to assess those patients 
who cannot perform simple spirometry, e.g. those with laryngectomies 117

• 



en 
a: 
w ... 
2 
> w 
u.. 

4.0 

3.8 

3 .8 

3.4 

3.2· 

3 .0 

2 .8 

2.8 

2.4 

2.2 

2.0 

1.8 

1.8 

1.4 

1.2 

1.0 

0 .8 

0 .8 

0 .4 

0.2 

• • 

.· 
0 

A= 0 .649 

95"' Cl 0 .49-0 . 77 

y ' 1. 10. 0 . 12 J. 

o~~~~~~~~~~~-
o 20 40 eo 80 100 120 

NUMBER STEPS CLIMBED 

Forced expiratory volume in one second compared to number of stairs climbed. 

21 

. Postoperative exercise testing revealed that five of eight younger patients 
recovered from extensive resectional. surgery for tuberculosis wer~ found to have their 
maximal exercise capacity limited by cardiac output, but not by impaired ventilation 
118

. This suggests that careful attention needs to be placed on the preoperative 
condition of the cardiovascular system, and of other pre-existing diseases which may 
cause postoperative morbidity, mortality or long term functional impairment 107

• A 
right ventricle that is working against an elevated pulmonary vascular resistance will 
limit the cardiac output during exercise 119

• The normal pulmonary vascular bed 
dilates during exercise to accommodate the increased blood flow. If this capacity is 
limited, there will be a failure of the cardiac output to also increase further during 
exercise. Blood cannot get from the right heart to the left heart, and pulmonary artery 
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pressure rises. Since the DLCO is direct ly re lated to the volume of the pu lmonary 
capi llary bed, it is logical that a low preoperative . value of the DLCO may herald 
difficu lties w ith the pulmonary circu lation postoperative ly. Furthermore, it is also 
log ica l to note that the general pre operative medica l condition of the patient may also 
ind icate that some difficulties w ith the cardiovascu lar or venti latory system wi ll occur. 
A low level of attained V0 2 with exercise may reflect a poor cardiac output, 
deconditioning , or poor motivation of the pat ient 119

• In summary, a V0 2 greater than 
20 ml/kg /min. demonstrates good cardiovascu lar reserve and a low risk for resectiona l 
surgery. Similarly, a very low V0 2 also corre lates w ith a greater inc idence of 
postoperative comp licat ions. 

The fo llowing is a chart of selected studies using exercise protocols to assess post operative pulmonary 
complications. 

Reference # Patients Mean Age Type of Complicatioos' No Death Predictive Type of 
(yrs) Resection Com plicatioos Parameters Exercise 

[V01 mllkg/min] 

(116) 54 60 W,L.P '2 .3 N/A 117 < 3 flights stairs Stairs 

.7 N/A 0/47 ~3 flights sta irs Stairs 

(96) 28 64 W,L,P N/A N/A 5/8 <9 Ergometer 
2 work 

. N/A N/A 1120 >9 levels 

(114) 22 56 W,L,P,T *6/6 0/6 2/6 < 15 Ergometer 
to max 

*1/10 9/10 0/10 >20 attained 

(113) 50 64 W,L,P •517 217 217 <10 Ergometer. 
to max 

*3/29 26129 0/29 > 10 <20 attained 

*0/14 14/14 0/14 >20 

(120) 42 63 W,L,P *8/14 10/28 N/A < 15 Ergometer 
to max 

*6/14 181'28 N/A > 15 attained 

1 Atelectasis, respiratory failure, pneumonia 

' Complication rate 

W = wedge, L = iobectomy, P = pneumonectomy, T = thoracotomy 

*Including cardiac complications & PE 

N/A = not available 



23 

Most studies searching for a method to predict postoperative morbidity or 
mortality examine a large array of pulmonary function studies in hopes of finding the 
best test. Two recent studies attempted to predict both cardiac and pulmonary 
complications by combining exercise testing and assessment of cardiovascular risk 
factors which were modified from the Goldman criteria 120

•
121

• One study, Gerson, et 
al, examined older patients, mean age 73, undergoing primarily abdominal surgery 121

• 

The other, by Epstein et al, studied slightly younger patients, mean age 63, 
undergoing pulmonary resection 120

• The Gerson study found the inability to exercise 
2 min to a heart rate > 99 with one Goldman risk factor, was the best predictor .of 
cardiopulmonary complications 121

. The Epstein study found a decreased exercise 
capacity was also associated with greater morbidity, but this was primarily reflective 
of the underlying medical status of the patient. It was not an independent predictor 
of morbidity and added nothing to their other criteria for predicting morbidity 120

• 

Further examination of Gerson's study demonstrates that the inability to exercise was 
not determined by dyspnea, but by other predictable factors that limit exercise, such 
as amputation, inability to comprehend the study, etc. The Epstein study utilized an 

. index based on the Goldman criteria and another pulmonary index, which they 
determined to be the CardioPulmonary Risk Index, the CPRI. The CPR I > 4 indicated 
those patients who were 22 times more likely to develop postoperative complications 
and prolonged hospital courses 120

• The level of V0 2 attained during exercise was 
lower in those with higher CPRI. Mortality could not be well assessed since only one 
death occurred. · 

Number of patients with significant postoperative pulmonary complications increased with increasing CPRI 
score. 
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CPRI variables: 

Variable: Points Variable Points 
1 )Congestive Heart Failure 1 

(53, jugular venous distension, LVEF < 40%) 
2) Myocardial infarction during previous 

six months 

3) Greater than 5 PVCs/min 
(noted at anytime preop) 

4) Rhythm other than NSR or PACs 
(on preop ECG) 

5)Age > 70 years 
6) Important valvular aortic stenosis 1 

7) Poor general medical condition 1 

Cardiac risk points = 3-47 [each patient 

11 
10 

7 

7 

5 
3 
3 

assigned 3 points for thoracic surgery! 
CRI score = 1 (3-5 points), 2 (6- 12 points), 3 (12-25 points) 
4 ( > 25 points) 
1 = reference 24 

Cardiac Risk Index Score (CRI) = 1-4 

1) obesity (body mass index > 27kg/M 2 1 
2) cigarette smoking within eight weeks 

of surgery 

3) productive cough within five days 
of surgery 

4) diffuse wheezing or rhonchi 

5)FEV1 /FVC < 70% 
6) PaC02 > 45 mmHg 

Pulmonary Risk Index Score (PRI) = 0 -6 

CARDIOPULMONARY RISK INDEX SCORE (CPRI) = CRI + PRI = 1-10 points 

REC-OMMENDATIONS FOR PREOPERATIVE EVALUATION: 

Smoking cessation: 

Studies on postoperative pulmonary complications in patents undergoing 
~ardiovascular surgery found a positive correlation with smoking prior to surgery. 
Cessation of smoking was found to decrease the incidence of postoperative 
complications if it took place more than 8 weeks prior to surgery 122

• This is likely 
related to the normal mechanism of pulmonary clearance. In fact, complications were 
noted to increase when the patents had sustained from smoking for approximately 2 
weeks 34

. Of note, the definition of complications included relatively minor events, and 
there was no evidence that hospitalization was increased . Thus, it is ideally 
recommended that patients who will undergo purely elective surgery sustain from 
smoking for 8 or more weeks . It is also recognized that patients in need of semi 
urgent surgery need not have their surgery delayed, but they should nevertheless quit 
smoking for as long as possible . This is to decrease the cardiac effects of nicotine 
and increased carbon monoxide levels 123

• Cessation of smoking for at least 24 hours 
is recommended . 
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DVT prophylaxis: 

Prevention of deep venous thrombosis is recommended for all . patients 
undergoing major surgical procedures, particularly those noted to be associated with 
a high risk of formation of deep venous clots. Many different measures can be utilized 
with varying degrees of success, sometimes depending on the type of surgical 
procedure performed. Subcutaneous ~eparin, pneumatic compression boots are among 
the best and most commonly used methods. Below is a bar graph compiled from 
multiple studies, on the prevention of postoperative venous thrombosis 28

·
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LOW RISK SURGERY 
age < 60, no underlying medical diseases, and/or very low risk surgery = OK for 
surgery 
age > 60 + pulmonary s.vmptoms (cough, wheezing, dyspnea) = may do PFTs, 
car.diovascular risk evaluation and monitor post op 
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The following are flow diagrams for assessment for high risk surgery and lung 
resection surgery: 

• Age <60 

• No underlying medical 
diseases 

~ -

• Offer surgery 

> 80% predicted 

HIGH RISK SURGERY 
(except lung resection) 

~ 
• Age >60 

• Any underlying 
diseases 

• Smoking history 

• Pulmonary symptoms 

PFTs 

>40% pred <80% pred PFTS < 40 %, paC02 > 45 

• Increase vigilance 
post -operative! y 

• Try to improve function 

• OK only necessary surgery 

• Increase vigilance 
post-operatively 



LUNG RESECTION 

PFfs & DLCO > 60% Predicted 

J, 
Offer surgery 

Predicted Post op 
FEV1 .2:, 30% 
DLCO > 60% 

J, 
Offer surgery 

Predicted Post op 
FEVI < 30% 
DLCO > 60% 

J, 
Exercise Studies 

J, 

vo2 -> 20 ml/kg/min 
J, 

Offer surgery 

* Corrected for Hb, lung volwne 

CPRI.:s, 3 
PFfs, DLCO" 

J, 

Predicted Post op 
FEVI .2:. 30% 
DLCO < 60% 

J, 
Consider less 
invasive surgery 
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PFfs < 60% Predicted 
J, 

Quantitative Lung Scan 
J, 

Predicted Post op 
FEVI < 30% 
DLCO < 60% 

J, 
Consider other 
options 



vo2 > 20 ml/kg/min 

Offer surgery . 

"' Corrected for Hb,. lung volume 

LUNG RESECTION 

CPRI > 4 
PFfs, DLCO" 

J, 
DLCO > 60% 

J, 
Quantitative Lung Scan 

J, 
Predicted Post op 

FEV 1 ~ 30% predicted 
J, 

Exercise 
Studies 

vo2 > 10 ml/kg/min <20 ml/kg/min 

Consider less invasive surgery 
or other options 

Predicted Post op 
FEV 1 < 30% predicted 

J, 
Consider other 
options 

vo2 < 10 ml/kg/min 

Consider other 
options 

28 
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POSTOPERATIVE MANAGEMENT: 

Postoperative management actually begins with the initial consideration for 
surgery and the type of surgery to be performed. Management is directed toward 
reduction in the anticipated postoperative complications and the mechanisms that are 
known to promote them. These measures are useful in decreasing postoperative 
pulmonary complications in patients with respiratory disease 124

. Most of these 
recommendations are based on common sense and a little knowledge of the expected 
complications. 

Preoperative: 

Upper abdominal surgery with increased risk factors for pulmonary 
complications; or any surgery with anesthesia time greater than 2 hours in a patient 
with known lung disease or pulmonary symptoms. 

1. Incentive Spirometry or training on deep breathing exercises 

2. Use of bronchodilators if clinically indicated (wheezing, productive cough) use beta 
agonists for asthmatics, and atropine analogues for elderly patients with COPD. 

3. Delay surgery if cough is productive - until antibiotics have had an effect on the 
bronchitis ( 1-2 weeks) 

4. If patient is asthmatic with PFTs < 80% predicted, consider administration of iv 
solumedrol (40-80 mg iv) the morning of surgery 

5. If patient has obstructive lung disease and is on theophylline, it may be 
administered iv just prior to surgery to maintain adequate blood level (0.4-0.5 
mg/kg/hr). 

6. Begin prophylaxis for DVT on day of operation if ·major procedure is to be 
performed. 

Postoperative: 

1. Continuation of steps initiated preoperatively such as bronchodilators, DVT 
prophylaxis, and steroids, or theophylline (if needed) 

2. Routine Efforts to improve postoperative FVC: 

a. Coughing from a deep inspiration has been demonstrated to improve lung 
volume after abdominal surgery and is still recommended in postoperative patients 125

• 

A protective cover (pillow) is often held over the operative site to minimize pain and 
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decrease tension on the wound . 
b. IPPB - is an attempt to inflate the lungs passively with a positive pressure 

assist. It is still used by some surgeons in spite of several controlled studies 
demonstrating its ·lack of effectiveness in this patient population 31

·
126

• It also may be 
detrimental to patients by causing significant abdominal distention 125

• Currently, it is 
reserved for those patients who have significant neuromuscular disorders and who 
cannot cooperate with other respiratory maneuvers. 

c. Incentive Spirometry (IS) - uses a device with visual feedback to the patient 
to encourage deep breathing. Controlled studies do not demonstrate a significant 
difference between the use of incentive spirometry and deep breathing exercises in 
the effectiveness of decreasing postoperative pulmonary complications 125

·
127

•
128

• 

However, the devices continue to be used since they can be used with minimal input 
from hospital staff . Furthermore, when IS is started. preoperatively the patient has the 
knowledge of the preoperative function and hence has a goal to be achieved . 

d. CPAP and PEEP ~ Positive end expiratory pressure or continuous positive 
airway pressure applied intermittently via a mask to a spontaneously breathing patient 
has been shown' to improve post operative FVC, and (A-a)02 difference and incidence 
of atelectasis at three days post operatively compared to IS . However, there was no 
difference among the groups of patients in the first 24 hours 129

• It is likely that the 
cost is higher, and CPAP or PEEP may be better reserved for treatment of hypoxemia 
postoperatively rather than used as a protective postoperative therapy administered 
to all patients. If this criteria were used, then 60% of the patients treated with either 
CPAP or PEEP in the above study would not have needed treatment. 

3. Pain control - The patient obviously experiences pain following major surgery. The 
use of systemic opiate analgesia may actually increase the pulmonary complication 
rate due to the sedative effects, decreased response to arterial PaC0 2 , and deceased 
cough 130

• Also, this adverse effect is not avoided by use of intrathecal or epidural 
administration of opiod analgesics, particularly in the elderly 131

•
132

• The respiratory 
suppressive effects may persist for as long as 24 hours after injection, so these 
patients need continued monitoring 132

• The use of a local anesthetic agent for spinal 
analgesia has been shown to reverse the suppression of diaphragmagic activity found 
after upper abdominal surgery, improve the FVC as well as give adequate pain control 
37

• Furthermore, one study noted a decreased incidence of respiratory complications 
by using postoperative epidural anesthesia 133

• Other forms of pain control have been 
utilized, such as patient controlled analgesia (PCA) which has resulted in infrequent 
episodes of respiratory depression 134

• 

The postero-lateral thoracotomy incision causes one of the greatest iatrogenic 
pains. The pain is exacerbated by movement, particularly that of breathing and 
coughing.· Hence, with such pain the patient is unwilling and unable to participate in 
the prescribed routine that is intended to reduce postoperative pulmonary 
complications. Administration of opiates via the intrathecal route has been used with 
good pain control, but with the added complication of urinary retention, and delayed 
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respiratory suppression 131
• As with upper abdominal surgery, the epidural route has 

become favored for administration of analgesia 135
•
136

• Opiates have yielded .to less 
respiratory suppressive agents such as fentanyl 137

•
138

• Good results are also reported 
with the local anesthetic bupivacaine 139

"
141 infused intra pleurally 142

, intercostally 143
, 

or via an extrapleural tunnel 144
• Good control of pain without increased complications 

has been reported with PCA via the epidurai route 136
• 

·Other systemic agents can be used to improve pain control. Due to the 
manipulation of the pleura, periosteum of the ribs, and chest wall muscles, the non 
steroidal anti-inflammatory agents can provide significant relief with less opiates 
required 145

·
146

• Their use is often limited by gastrointestinal or renal side effects and 
patient intolerance. Pain relief is usually tailored to each patient and will vary 
depending on the patient's age, prior exposure to and tolerance of opiates. It is 
nevertheless recognized as a necessary adjunct in the post operative care of the 
patient. 

4. Atelectasis: Once atelectasis of a lobe or segment occurs acutely, initial treatment 
with vigorous chest physical therapy has been shown effective 147

. Bronchoscopy 
was not more effective than chest physiotherapy with a bronchodilator 147

. As above, 
positive expiratory pressure via a face mask may be effective in improving 
postoperative atelectasis 129

• 
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SUMMARY: 

Pulmonary complications following surgery are those undesirable postoperative 
effects which cause morbidity t<? the patient such that additional medical therapy is 
needed, hospitalization is increased, or death occurs. 

Pulmonary complications are more likely to occur in those patients who undergo 
upper abdominal or thoracic surgery. The complications in upper abdominal surgery 
are related to reflex inhibition of diaphragm function which in turn decreases FRC. 
While pain is contributory, it is not the primary cause . 

· Patients who are most likely to develop postoperative pulmonary complications 
are those with poor underlying medical health, particularly those with active 
symptoms of pulmonary disease, and advanced age. There is no evidence that this 
can be accurately predicted with preoperative lung function studies. 

There is no indication that necessary non-thoracic surgery should be denied to 
a patient on the basis of pulmonary function studies alone . 

Predictions of postoperative lung function following resectional surgery of the 
lung are reasonably accurate, but has less predictive value of morbidity and mortality 
from the surgery. The best predictor of postoperative mortality following resection a I 
surgery of the lung is measurement of the DLCO corrected for Hb and lung volume. 

Postoperative pulmonary complications that cause significant morbidity 
following resectional surgery can be predicted with a cardiopulmonary risk index 
which can be determined with routine clinical studies. The addition of quantitative 
exercise testing to the evaluation process remains to be explicitly defined . It may 
have some use in identifying those patients with poor cardiovascular reserve, 
however. 

Postoperative care is based on increasing mobilization of the patient, pain 
control, DVT prophylaxis, and early treatment of atelectasis and bronchospasm. 
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