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Ke y Points
 1 It is important to determine prior to the onset of anesthesia 

and surgery whether the patient will be able to tolerate the 
planned lung resection.

 2 Preoperative assessment of vital capacity is critical because 
at least three times the tidal volume (VT) is necessary for an 
effective cough.

 3 Smoking increases airway irritability, decreases mucociliary 
transport, and increases secretions. It also decreases forced vital 
capacity and forced expiratory low 25% to 75%, thereby increas-
ing the incidence of postoperative pulmonary complications.

 4 The absolute indications for lung separation using a double-
lumen tube have been for protection against spillage of blood, 
infectious material, or lavage luid from one lung, or for 
ventilation in the case of bronchopleural istula or bullae. A 
lobectomy or pneumonectomy is a relative indication.

 5 The most important advance in checking the proper position 
of a double-lumen tube is the introduction of the pediatric 
lexible iberoptic bronchoscope.

 6 During one-lung ventilation (OLV), the dependent lung 
should be ventilated using a VT that results in a plateau airway 

pressure <25 cm H2O at a rate adjusted to maintain Paco2 at 
35 ± 3 mm Hg.

 7 The choice of anesthetic technique for OLV must take into 
consideration the effects on oxygenation and therefore on 
hypoxic pulmonary vasoconstriction.

 8 The need for OLV is much greater with video-assisted thoraco-
scopic surgery than with open thoracotomy because it is not 
possible to retract the lung during video-assisted thoracoscopic 
surgery as it is during an open thoracotomy.

 9 The potential advantages offered by high-frequency positive-
pressure ventilation during thoracic anesthesia are that lower VT 
and inspiratory pressures result in a quiet lung ield for the surgeon, 
with minimal movements of airway, lung tissue, and mediastinum.

 10 Myasthenia gravis is a disorder of the neuromuscular junction, 
characterized by weakness and fatigability of voluntary muscles 
with improvement following rest. Surgical thymectomy is a 
commonly performed therapy.

 11 In addition to a more comfortable patient, important beneits 
of adequate pain relief are avoidance of postoperative atelectasis 
and limited inspiratory thoracic cage expansion.
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Lung cancer has long been the most common cause of cancer mor-
tality in the United States in men, and surpassed breast cancer as the 
leading cause of cancer deaths in women in 1987.1 The most recent 
statistics from the American Cancer Society indicated that approxi-
mately 221,130 new cases of lung cancer would be diagnosed in 2011 
(115,060 among men and 106,070 among women). The Society also 
estimated that there would be 156,940 deaths from lung cancer, 
which represents 27% of all cancer deaths (Fig. 37-1).2 The increased 
incidence of lung cancer has led to an increase in the amount of 
noncardiac thoracic surgery performed in the United States.

In this chapter, the physiologic, pharmacologic, and clinical con-
siderations for the patient undergoing pulmonary surgery are 
reviewed, followed by sections on anesthesia for diagnostic and 
therapeutic procedures, high-frequency ventilation, and special sit-
uations, including bronchopleural istula (BPF) and tracheal recon-
struction. A discussion of myasthenia gravis (MG) is included 
because of its relationship to the thymus gland and because thymec-
tomy is one of the most commonly performed surgical procedures 
in these patients. The chapter concludes with a review of the postop-
erative management of the patient who has undergone noncardiac 
thoracic surgery.

pREOpERATIVE EVALUATION

The preoperative evaluation of the patient for thoracic surgery 
should focus on the extent and severity of pulmonary disease and 
cardiovascular involvement (see Chapter 22). It is important to 
determine whether the patient will be able to tolerate the planned 
lung resection. To ind out postoperatively that the patient can-
not tolerate the resection would be catastrophic.

It is more dificult to predict postoperative pulmonary compli-
cations following elective cardiothoracic, compared with noncar-
diothoracic surgery.3 Thoracic surgery is known to be associated 
with high risk, and patient factors that have been associated with 
increased risk include advanced age, poor general health status, 
and chronic obstructive pulmonary disease (COPD).4

History

Dyspnea

Dyspnea occurs when the requirement for ventilation is greater 
than the patient’s ability to respond appropriately (see Chapter 11). 
Dyspnea is quantiied by the degree of physical activity required 
to produce it, the level of activity possible (e.g., ability to walk on 
level ground or climb stairs), and management of daily activities. 
Severe exertional dyspnea usually implies a signiicantly dimin-
ished ventilatory reserve and a forced expiratory volume in 1 sec-
ond (FEV1) of <1,500 mL, with possible need for postoperative 
ventilatory support.

Cough

Recurrent productive cough for 3 months of the year for two con-
secutive years is necessary to make the diagnosis of chronic bron-
chitis. Cough indirectly increases airway irritability. If the cough 
is productive, the volume, consistency, and color of the sputum 
should be assessed. Sputum should be cultured to rule out infection 
and to establish whether there is a need for preoperative antibiotic 
therapy. Blood-stained sputum or episodes of gross hemoptysis 
should alert the anesthesiologist to the possibility of a tumor invad-
ing the respiratory tract (e.g., the main stem bronchus), which 
might interfere with endobronchial intubation.

Cigarette smoking

Cigarette smoking increases the risk of chronic lung disease and 
malignancy, as well as the incidence of postoperative pulmonary 
complications. The number of pack-years (packs smoked per 
day multiplied by the number of years) is directly related to 
measurable changes in respiratory gas low and closing capacity, 

1

FIgURE 37-1. Estimated 2011 deaths from cancer in the United 
States. Lung cancer is the leading cause of cancer-related mortality. 
(Based on data from: The American Cancer Society, Cancer statistics, 
2010. A presentation from the American Cancer Society. 2011 Estimated 
U.S. Cancer Deaths. Available at: http://www.cancer.org/acs/groups/ 
content /@epidemiologysurve i lance/documents /document/ 
acspc-029997.pptx. Last accessed 11-26-2012.)

 1 Position Double-lumen Tube

 2 Bronchial Blocker

 3 Univent

 4 CPAP

 5 Bronchoscopy

 6 Jet Ventilation

 7 Fiberoptic Intubation

 8 Mediastinal Mass

 9 Mediastinoscopy
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making these patients prone to postoperative atelectasis and arte-
rial hypoxemia.

exercise Tolerance

Patients who can walk up three or more lights of stairs are at 
reduced risk, and those unable to climb two lights are generally 
at increased risk.5 The best evaluation is actually the history of 
the patient’s quality of life.6 An otherwise healthy patient, with 
good exercise tolerance, generally does not require additional 
screening tests.

Risk factors for acute Lung injury

In some cases, thoracic surgery may lead to acute lung injury (ALI) 
postoperatively. Perioperative risk factors that have been identi-
ied include preoperative alcohol abuse and patients undergoing 
pneumonectomy. Intraoperative risk factors include high ventila-
tory pressures and excessive amounts of luid administration.7

Physical examination

The physical examination of the patient should address the 
following aspects.

Respiratory Pattern

The presence of cyanosis and clubbing, the breathing pattern, and 
the type of breath sounds should be noted.

Cyanosis. The presence of peripheral cyanosis (in the ingers, 
toes, or ears) should be distinguished from causes of poor circula-
tion (acrocyanosis). The presence of central cyanosis (in the buc-
cal mucosa) is usually secondary to arterial hypoxemia. If cyano-
sis is present, the arterial hemoglobin saturation with oxygen is 
80% or less (Pao2 <50 to 52 mm Hg), which indicates a limited 
margin of respiratory reserve.

Clubbing. Clubbing of ingers and toes is often seen in patients 
with chronic lung disease, malignancies, or congenital heart dis-
ease associated with right-to-left shunt.

respiratory rate and Pattern. A patient’s inability to com-
plete a normal sentence without pausing for breath is an indica-
tion of severe dyspnea. Inspiratory paradox, the abdomen moving 
in while the chest moves out, suggests diaphragmatic fatigue  
and respiratory dysfunction. The patient should be assessed for 
paroxysmal retraction (Hoover’s sign), limited diaphragmatic 
movement because of hyperinlation, asymmetry of chest 
movement secondary to phrenic nerve involvement, hemothorax, 
pleural effusion, and pneumothorax. The pattern and rate of 
breathing have important roles in distinguishing between 
obstructive and restrictive lung diseases. For constant minute 
ventilation, the work done against airlow resistance decreases 
when breathing is slow and deep. Work done against elastic resis-
tance decreases when breathing is rapid and shallow (e.g., as in 
pulmonary infarct or pulmonary ibrosis).

breath sounds. Wet sounds (crackles) are usually caused by 
excessive luid in the airways and indicate sputum retention or 
edema. Dry sounds (wheezes) are produced by high-velocity gas 
low through bronchi and are a sign of airways obstruction. Dis-
tant sounds are an indication of emphysema and possibly bullae. 
The trachea should be in the midline. Displacement of the tra-
chea may be secondary to a number of causes, including medias-
tinal mass, and should alert the anesthesiologist to a potentially 
dificult intubation of the trachea or airway obstruction on 
induction of anesthesia.

evaluation of the Cardiovascular system

One of the most important factors in the evaluation of a patient 
scheduled for thoracic surgery is the presence of an increase in pul-
monary vascular resistance secondary to a ixed reduction in the 
cross-sectional area of the pulmonary vascular bed. The pulmo-
nary circulation is normally a low-pressure, high-compliance sys-
tem capable of handling an increase in blood low by recruitment 
of normally underperfused vessels. This acts as a compensatory 
mechanism that normally prevents an increase in pulmonary arte-
rial pressure. In COPD, there is distention of the pulmonary capil-
lary bed with decreased ability to tolerate an increase in blood low 
(decreased compliance). Such patients demonstrate an increase in 
pulmonary vascular resistance when cardiac output increases 
because of a decreased ability to compensate for an increase in pul-
monary blood low. This results in pulmonary hypertension, signs 
of which include a narrowly split second heart sound, increased 
intensity of the pulmonary component of the second heart sound, 
and right ventricular and atrial hypertrophy. An increase in pul-
monary vascular resistance is of signiicance in the management of 
the patient during anesthesia because several factors, such as aci-
dosis, sepsis, hypoxia, and application of positive end-expiratory 
pressure (PEEP), all further increase the pulmonary vascular resis-
tance and increase the likelihood of right ventricular failure.

In patients with ischemic or valvular heart disease, the func-
tion of the left side of the heart should also be carefully evaluated.

electrocardiogram

A patient with COPD may present with electrocardiographic fea-
tures of right atrial and ventricular hypertrophy and strain. These 
include a low-voltage QRS complex due to lung hyperinlation 
and poor R-wave progression across the precordial leads. An 
enlarged P wave (“P pulmonale”) in standard lead II is diagnostic 
of right atrial hypertrophy. The electrocardiographic changes of 
right ventricular hypertrophy are an R/S ratio of greater than 1 in 
lead V1 (i.e., R-wave voltage exceeds S-wave voltage).

Chest Radiography

Hyperinlation and increased vascular markings are usually pres-
ent with COPD. Prominent lung markings often occur in bron-
chitis they are decreased in emphysema, particularly at the bases, 
where actual bullae may be present in severe cases. Hyperinla-
tion, with an increased anteroposterior chest diameter, may be 
present, together with an enlarged retrosternal air space of >2 cm 
in diameter seen in a lateral chest radiograph.

The location of the lung lesion should be assessed by postero-
anterior and lateral projections on chest radiography. In addition 
to tracheal or carinal shift, a mediastinal mass may indicate difi-
culty with ventilation, a dificult and bloody dissection, dificulty 
in placing a double-lumen tube (DLT; because of deviation of the 
main stem bronchus), or a collapsed lobe owing to bronchial 
obstruction with possible sepsis. Review of a computed tomogra-
phy (CT) study is also useful, and often provides more informa-
tion about tumor size and location than the chest radiograph.

arterial Blood Gas analysis

A common inding in arterial blood gas analysis of patients with 
COPD is hypoventilation and CO2 retention. The “blue bloaters” 
(chronic bronchitis) are cyanotic, hypercarbic, hypoxemic, and 
usually overweight. They are in a state of chronic respiratory fail-
ure and have a decreased ventilatory response to CO2. In these 
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patients, the high Paco2 increases cerebrospinal luid bicarbonate 
concentration, the medullary chemoreceptors become reset to a 
higher level of CO2, and sensitivity to CO2 is decreased. Such 
patients hypoventilate when given high oxygen concentrations to 
breathe because of a decreased hypoxic drive.

The “pink puffers” (patients with emphysema) are typically 
thin, dyspneic, and pink, with essentially normal arterial blood 
gas values. They present with an increase in minute ventilation to 
maintain their normal Paco2, which explains the increase in work 
of breathing and dyspnea. The preoperative Pao2 correlates with 
the intraoperative Pao2 during one-lung ventilation (OLV), but 
the intraoperative Pao2 during two-lung ventilation correlates 
more closely.8

Pulmonary function Testing and  
evaluation for Lung Resectability

There are three goals in performing pulmonary function tests in a 
patient scheduled for lung resection. The irst goal is to identify the 
patient at risk of increased postoperative morbidity and mortality. 
In thoracic surgery for lung cancer, the speciic question is: How 
much lung tissue may be safely removed without making the 
patient a pulmonary cripple? This should be weighed against the 
1-year mean survival rate of the patient with surgically untreated 
lung carcinoma. The second goal is to identify the patient who will 
need short-term or long-term postoperative ventilatory support. 
The third goal is to evaluate the beneicial effect and reversibility of 
airway obstruction with the use of bronchodilators.

effects of anesthesia and surgery on Lung volumes

Anesthesia and postoperative medications can cause changes in 
lung volumes and ventilatory pattern. Total lung capacity (TLC) 
decreases after abdominal surgery but not after surgery on an 
extremity. Vital capacity is decreased by 25% to 50% within 1 to 
2 days after surgery and generally returns to normal after 1 to 
2 weeks. Residual volume (RV) increases by 13%, whereas expira-
tory reserve volume decreases by 25% after lower abdominal surgery 
and 60% after upper abdominal and thoracic surgery. Tidal volume 
(VT) decreases by 20% within 24 hours after surgery and gradually 
returns to normal after 2 weeks. Pulmonary compliance decreases 
by 33% with similar reductions in functional residual capacity 
(FRC) secondary to small airway closure. Most of the patients who 
undergo lung resection are smokers with a certain degree of COPD 
they are prone to postoperative complications in direct relation to 
the amount of lung to be resected (lobectomy or pneumonectomy) 
and to the severity of the preoperative lung disease.

spirometry

Forced vital capacity (FVC), forced expired volume in 1 second 
(FEV1), maximum voluntary ventilation (MVV), and RV/TLC cor-
relate with outcome following thoracic surgery9 (see Chapter 11). 
An abnormal preoperative vital capacity can be identiied in 30% to 
40% of postoperative deaths. A patient with an abnormal vital 
capacity has a 33% likelihood of complications and a 10% risk of 
postoperative mortality.

FEV1 is a more direct indication of airway obstruction. In the 
past, an FEV1 of <800 mL in a 70-kg man had been considered an 
absolute contraindication to lung resection. However, with the 
advent of thoracoscopic surgery and improved postoperative pain 
management, patients with smaller lung volumes are now success-
fully undergoing surgery. It is preferable to indicate the percentage 
of predicted value, rather than just using the actual results in liters. 

2

The percentage of predicted value takes into account the age and 
size of the patient, and the same number may have a different 
implication in another patient. The ratio FEV1/FVC is useful in 
differentiating between restrictive and obstructive pulmonary dis-
eases. It is normal in restrictive disease because both FEV1 and 
FVC decrease, whereas in obstructive disease the ratio is usually 
low because the FEV1 is markedly decreased. MVV is a nonspeciic 
test and is an indicator of both restriction and obstruction. 
Although MVV has not been systematically evaluated as a predic-
tor of morbidity, it is generally accepted that an MVV <50% of 
predicted value is an indication of high risk. A ratio of RV to TLC 
(RV/TLC) of >50% is generally indicative of a high-risk patient 
for pulmonary resection. By multiplying the preoperative FEV1 by 
the percentage of lung tissue expected to remain following resec-
tion, a predicted postoperative FEV1 can be calculated. Patients 
with a predicted postoperative FEV1 value >40% are at reduced 
risk and those with predicted postoperative FEV1 <30% are at 
increased risk.10 Those patients who fall into the latter category are 
more likely to need postoperative ventilation.

Flow–Volume Loops

The low–volume loop displays essentially the same information 
as a spirometer but is more convenient for measurement of spe-
ciic low rates (Fig. 37-2). The shape and peak airlow rates dur-
ing expiration at high lung volumes are effort dependent, but 
indicate the patency of the larger airways. Effort-independent 
expiration occurs at low lung volumes and usually relects small 
airway resistance, best measured by forced expiratory low (FEF) 
during the middle half of the FVC (FEF25–75%).

In general, patients with obstructive airway disease (Fig. 37-3), 
such as asthma, bronchitis, and emphysema, have grossly 
decreased FEV1/FVC ratios because of increased airway resistance 
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represent flow at 75%, 50%, and 25% of vital capacity, respectively. 
RV, residual volume. (Reproduced from: Goudsouzian N, Karamanian 
A. Physiology for the Anesthesiologist, 2nd edition. Norwalk, CT: 
Appleton-Century-Crofts; 1984, with permission.)
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and a decrease in FEV1. Peak expiratory low rate and MVV are 
usually decreased, whereas TLC increases secondary to increases 
in RV. In these patients, the effort-independent portion of the 
low–volume curve is markedly depressed inward, with reduction 
of the low rate at 25% to 75% of FVC.

In patients with restrictive disease (Fig. 37-3), such as pulmo-
nary ibrosis and scoliosis, there is a decrease in FVC with a rela-
tively normal FEV1. Because the airway resistance is normal, 
FEV1/FVC is also normal. TLC is markedly decreased, whereas 
MVV and FEF25–75% are usually normal. The low–volume curves 
of these patients are normal in shape, but the lung volumes and 
peak low rates are decreased.

Signiicance of bronchodilator therapy. Pulmonary function 
tests are usually performed before and after bronchodilator therapy 
to assess the reversibility of the airway obstruction. This is useful  
in the assessment of the degree of airway obstruction and the 
patient’s effort ability. After treatment with bronchodilators, 
increases in peak expiratory low compared with a baseline indi-
cate reversibility of airway obstruction (often seen in asthmatic 
patients). A 15% improvement in pulmonary function tests may be 
considered a positive response to bronchodilator therapy and indi-
cates that this therapy should be initiated before surgery. The over-
all prognosis of COPD is better related to the level of spirometric 
function after bronchodilator therapy than to a baseline function.

split-lung function Tests

Regional lung function studies serve to predict the function of the 
lung tissue that would remain after lung resection. A whole (two)-
lung test may fail to estimate whether the amount of postresec-
tion lung tissue will allow the patient to function at a reasonable 
level of activity without disabling dyspnea or cor pulmonale.

regional Perfusion test. This involves the intravenous injec-
tion of insoluble radioactive xenon (133Xe). The peak radioactivity 
of each lung is proportional to the degree of perfusion of each lung.

regional ventilation test. Using an inhaled, insoluble radio-
active gas, the peak radioactivity over each lung is proportional 
to the degree of ventilation. Combining radiospirometry with 

whole-lung testing (FEV1, FVC, maximal breathing capacity) has 
resulted in a fair degree of correlation between predicted volumes 
and pulmonary function tests measured after pneumonectomy.

Computed tomography and Positron emission tomogra-
phy scans. Patients normally undergo CT scanning. The CT scan 
provides anatomic sections through the chest and can delineate 
the size of the tumor. It can also reveal if there is airway or cardio-
vascular compression.

Positron emission tomography (PET) scans use a glucose analog 
that is labeled with a radionuclide positron emitter. This scan can 
detect tumor based on the metabolic activity. Because malignant 
tumors are growing at such a fast rate compared with healthy tissue, 
the tumor cells will use up more of the sugar that has the radionu-
clide attached to it. There is greater uptake by malignant mediasti-
nal lymph nodes than benign nodes. PET may be more accurate 
than CT for mediastinal staging.11 Currently, PET scans can be used 
to further evaluate lesions that are seen on a CT scan. The PET scan 
can also be used to follow the results of lung cancer treatments.12

The CT and PET scans can be done at the same time to pro-
duce a PET–CT scan. A mass that is seen on the CT scan is more 
likely to be malignant if it also demonstrates enhanced glucose 
uptake on the PET scan.

Diffusing Capacity for Carbon monoxide

The ability of the lung to perform gas exchange is relected  
by the diffusing capacity for carbon monoxide. It is impaired  
in such disorders as interstitial lung disease, which affects  
the alveolar-capillary site. A predicted postoperative diffusing 
capacity for carbon monoxide <40% is associated with increased 
risk. Predicted postoperative diffusing capacity percent is the 
strongest single predictor of risk of complications and mortality 
after lung resection. There is little interrelationship of pre-
dicted postoperative diffusing capacity percent and predicted 
postoperative FEV1, indicating that these values should be 
assessed independently when estimating operative risk.13 In a 
recent study of 956 patients, a lower DLCO ppo (diffusing capac-
ity for carbon monoxide, predicted postoperative) and the pre-
operative administration of chemotherapy, were found to be 
predictive of postoperative complications. In that study, FEV1 
was not found to be predictive of complications.14 In another 
study, the DLCO ppo was the most predictive factor for postop-
erative morbidity and mortality.15

maximal oxygen Consumption. The maximal oxygen con-
sumption (VO2 max) is a predictor of postoperative complica-
tions. Patients with a VO2 max >15 to 20 mL/kg/min are at 
reduced risk.16 A VO2 max <10 mL/kg/min indicates very high 
risk for lung resection.15,17 A simpler test that can be performed 
is exercise oximetry—a decrease of 4% during exercise is associ-
ated with increased risk.18 A 6-minute walk test <2,000 feet has 
been correlated both with a VO2 max <15 mL/kg/min and with 
a decrease in oximetry reading during exercise. It has been sug-
gested that the percentage of predicted VO2 max may be a better 
indicator for risk, and a threshold of 50% to 60% could be 
established without an increase in surgical mortality.19 Brunelli 
and Fianchini20 had patients climb the maximum number of 
stairs possible. On the basis of the results of this study, these 
authors recommended that patients who were able to climb  
>14 m can safely undergo surgery, and those who were able to 
climb <12 m, with predicted postoperative function FEV1 <35% 
not be considered for major lung resection. The inability to do a 
maximal stair climbing has been correlated with an increased 
mortality following major lung resection.21 The preoperative 
evaluation of the patient for lung resection is summarized in 
Figure 37-4.
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Anesthesiologist, 2nd edition. Norwalk, CT: Appleton-Century-Crofts; 
1984, with permission.)
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pREOpERATIVE pREpARATION

The wide spectrum of physiologic changes that occur during tho-
racic surgery puts patients at great risk of developing postopera-
tive complications. Morbidity and mortality increase when these 
changes are superimposed on an acutely or chronically compro-
mised patient. Several conditions, including infection, dehydra-
tion, electrolyte imbalance, wheezing, obesity, cigarette smoking, 
cor pulmonale, and malnutrition, show particular correlations 
with postoperative complications. Proper, vigorous preoperative 
preparation can improve the patient’s ability to face the surgery 
with a decreased risk of morbidity and mortality. It is important 
that conditions predisposing to postoperative complications be 
rigorously treated before surgery.

smoking

There is a high prevalence of smoking among patients presenting 
for surgery, and there is extensive evidence that these patients are 
at increased risk for development of postoperative respiratory 
complications.3 Approximately 33% of adult patients presenting 
for surgery are smokers, and there is extensive evidence that they 
are at increased risk for development of postoperative respiratory 
complications.22 Smoking increases airway irritability, decreases 
mucociliary transport, decreases FVC and FEF25–75%, and increases 
secretions, thereby increasing the incidence of postoperative pul-
monary complications. In contrast, cessation of smoking for a 
period of longer than 4 to 6 weeks before surgery is associated 
with a decreased incidence of postoperative complications.22 Fur-
thermore, cessation of smoking 48 hours before surgery has been 
shown to decrease the percentage of carboxyhemoglobin, to shift 
the oxyhemoglobin dissociation curve to the right, and to increase 
oxygen availability. It should be emphasized, however, that most 

3

of the beneicial effects of cessation of smoking, such as improve-
ment in ciliary function, improvement in closing volume, increase 
in FEF25–75%, and reduction in sputum production, usually occur 
2 to 3 months after smoking has ceased. In one study, there was 
no evidence of a paradoxical increase in postoperative complica-
tions in patients who stopped smoking within 2 months before 
undergoing thoracic resection for lung tumor.23 Smoking is asso-
ciated with increased mortality and pulmonary complications, 
but these can be decreased by preoperative cessation; the risk 
decreases with a longer cessation.24

infection

Acute or chronic infection should be vigorously treated before 
surgery. Broad-spectrum antibiotics are commonly used. Treat-
ment of the acutely ill patient depends on the results of the Gram 
stain of the sputum and blood cultures. Unless there are other 
modifying circumstances such as allergic history or patients are 
already receiving antibiotics, cefazolin is routinely administered 
perioperatively. To be most effective, it needs to be given prior to 
skin incision.25 In one prospective study, the incidence of mortal-
ity was lower in the group treated with prophylactic antibiotics 
compared with the untreated group (9% vs. 17%), and a lower 
incidence of postoperative pulmonary infection was also found.26 
Although not all surgeons routinely administer antibiotics pro-
phylactically to their patients, any infection present before sur-
gery should be vigorously treated.

Hydration and Removal of  
Bronchial secretions

Correction of hypovolemia and electrolyte imbalance should be 
accomplished before surgery because adequate hydration decreases 

 Whole-lung function

Split-lung function

1. Split-lung spirometry with DLT
2. Regional lung radiospirometry
 Regional perfusion (133Xe, 131I-MAA)
 Regional ventilation 133Xe

A

B

ABG (Fio2 = 0.21)    Paco2 �46 mm Hg
 Pao2 �60 mm Hg
FVC                        �50% or 1.5 mL/kg
FEV1                       �50% 
VC                          �2 L
MVV                        �50% or �50 L/min
Lung Volume          RV/TLC �50%
DLco                       �50% 

Predicted postresection FEV1 �800 mL

Blood flow to the resected lung �70%

FIgURE 37-4. The order of tests to determine the cardiopul-
monary status of the patient and the extent of lung resection 
that would be tolerated. a: The whole-lung function test is a 
basic screening test. B: The split-lung function tests are re-
gional tests to determine the involvement of the diseased 
lung to be removed. ABG, arterial blood gas; FVC, forced vital 
capacity; FEV1, forced expiratory volume in 1 second; VC, vital 
capacity; MVV, maximum voluntary ventilation; RV/TLC, re-
sidual volume/total lung capacity; DLT, double-lumen tube. 
DLCO, diffusing capacity for carbon monoxide (Adapted 
from: Neustein SM, Cohen E. Preoperative evaluation of tho-
racic surgical patients. In: Cohen E, ed. The Practice of Thoracic 
Anesthesia. Philadelphia: JB Lippincott; 1995:187, with 
permission.)
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the viscosity of bronchial secretions and facilitates their removal 
from the bronchial tree. Humidiication of inspired gas is extremely 
useful. The use of mucolytic drugs, such as acetylcysteine (Muco-
myst), or oral expectorants (potassium iodide) can be beneicial 
to patients with viscous secretions. Commonly used methods for 
removing secretions from the bronchial tree include postural 
drainage, vigorous coughing, chest percussion, deep breathing, 
and the use of an incentive spirometer. These modalities often 
require patient cooperation and frequent verbal encouragement 
to maximize the beneit.

Wheezing and Bronchodilation

The presence of acute wheezing represents a medical emergency, 
and elective surgery should be postponed until effective treatment 
has been instituted. Chronic wheezing is often seen in patients 
with COPD and is attributable to the presence of gas low obstruc-
tion secondary to smooth muscle contraction, accumulation of 
secretions, and mucosal edema. Smooth muscle contraction may 
occur in small airways only (detectable by changes in FEF25–75%) or 
may be widespread, with a large reduction of FEV1 and FVC. The 
eficacy of bronchodilators in reversing the bronchospastic com-
ponent is extremely important. A trial of bronchodilators and 
measurement of their effects on pulmonary function should be 
performed in any patient who shows evidence of air low obstruc-
tion. Several classes of bronchodilators are available.

sympathomimetic Drugs

Sympathomimetic drugs increase the formation of 3′,5′-cyclic 
adenosine monophosphate (cAMP). The balance between cAMP, 
which produces bronchodilation, and cyclic guanosine mono-
phosphate, which produces bronchoconstriction, determines the 
state of contraction of the bronchial smooth muscle. Increasing 
cAMP production therefore causes relaxation of the bronchial 
tree. Sympathomimetic drugs, such as epinephrine, isoproterenol, 
isoetharine, and ephedrine, all have mixed β1 and β2 sympathetic 
agonist effects. The β1 (cardiac effects) of these drugs are often 
undesirable in patients with COPD. Selective β2 sympathomimetic 
drugs, such as albuterol, terbutaline, and metaproterenol, given as 
inhaled aerosols, are the preferred drugs for the treatment of bron-
chospasm, particularly in patients with cardiac disease.

Phosphodiesterase inhibitors

Phosphodiesterase inhibitors inhibit the breakdown of cAMP by 
cytoplasmic phosphodiesterase. The methylxanthines, such as 
aminophylline, increase the level of cAMP, resulting in broncho-
dilation. In addition, aminophylline improves diaphragmatic 
contractility and increases the patient’s resistance to fatigue. 
Therapeutic blood levels of aminophylline are 5 to 20 µg/mL and 
can be achieved by infusing a loading dose of 5 to 7 mg/kg over  
20 minutes, followed by a continuous intravenous infusion of 0.5 
to 0.7 mg/kg/hr. Aminophylline may cause ventricular dysrhyth-
mias, and this side effect should be borne in mind when treating 
patients who have myocardial ischemia. Because newer medica-
tions have fewer side effects; aminophylline is now rarely used.

steroids

Although not true bronchodilators, steroids are traditionally con-
sidered to decrease mucosal edema and may prevent the release of 
bronchoconstricting substances. They are of questionable beneit 
in acute bronchospasm. Steroids may be administered orally, par-
enterally, or in aerosol form, such as beclomethasone by inhaler.

Cromolyn sodium

Cromolyn sodium stabilizes mast cells and inhibits degranulation 
and histamine release. It is useful in the prevention of broncho-
spastic attacks but is of little value in the treatment of the acute 
situation (see Chapter 12).

Parasympatholytic Drugs

Parasympatholytics include atropine and ipratropium (see Chap-
ter 15). In the past, atropine has been avoided in patients with 
COPD and bronchitis because of the concern regarding increases 
in the viscosity of mucus produced by this agent. However, atro-
pine blocks the formation of cyclic guanosine monophosphate 
and therefore has a bronchodilator effect.

Pulmonary Rehabilitation

Sekine et al.26 reported that pulmonary rehabilitation led to 
reduced hospital stay and improved postoperative FEV1, com-
pared with a historical control group. The pulmonary rehabilita-
tion included education in a variety of areas such as breathing, 
exercise, and nutrition.

INTRAOpERATIVE MONITORINg

All patients undergoing anesthesia for thoracic surgical proce-
dures require adherence to the Standards of Basic Anesthetic 
Monitoring American Society of Anesthesiologists (ASA) (see 
Chapter 25). In particular, these include an electrocardiogram 
(lead II and, if possible, V5), chest or esophageal stethoscopes for 
heart and breath sound auscultation, and a temperature probe. A 
chest stethoscope may be placed over the dependent hemithorax 
to assess dependent lung ventilation. Pulse oximetry, which is a 
standard of care, is especially valuable during thoracic surgery 
because hypoxemia may occur during OLV.

Dysrhythmias occur commonly both during and after tho-
racic surgery, making the usual need for continuous electrocar-
diographic monitoring even more important. Intraoperative 
supraventricular tachyarrhythmias may be caused by cardiac 
manipulation. Dysrhythmias that occur during OLV may be a 
sign of inadequate oxygenation or ventilation. Postoperative  
dysrhythmias may be related to sympathetic nervous system 
stimulation from pain or to a decreased pulmonary vascular bed 
following lung resection. Patients who present for lung resection 
often have COPD due to cigarette smoking, have right-sided 
heart strain, and are prone to multifocal atrial tachyarrhythmias.

The axis of electrocardiogram lead II parallels that of the  
P wave, making this lead useful for dysrhythmia detection. The 
simultaneous monitoring of lead V5 also allows for monitoring of 
anterolateral wall myocardial ischemia. The use of multiple leads 
increases the sensitivity for ischemia detection.27 The following 
invasive monitors are also indicated and have led to marked 
improvements in patient care.

Direct arterial Catheterization

Peripheral arterial catheterization has become an essential tool 
for the anesthesiologist in the management of patients undergo-
ing major thoracic surgical procedures (see Chapter 25). It allows 
for continuous beat-to-beat measurement of blood pressure and 
frequent sampling for the determination of arterial blood gases. 
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Continuous blood pressure readings are critical during thoracic 
surgery because surgical manipulations may result in cardiac 
compression and there may be sudden bleeding. Immediate rec-
ognition of these changes allows time for proper identiication of 
the etiology and the institution of appropriate treatment.

Serial arterial blood gas analyses are performed as needed in 
the management of patients undergoing one-lung anesthesia or 
during cases in which a part of the lung may be “packed away” for 
a period. Arterial hypoxemia may occur because of shunting of 
mixed venous through the collapsed lung and an inadequate 
hypoxic pulmonary vasoconstriction (HPV) response. Signiicant 
changes in acid–base status and hyperventilation or hypoventila-
tion can also be identiied.

A radial artery catheter (see Chapter 25) can be placed in either 
extremity during thoracic surgery. For a mediastinoscopic exami-
nation, one approach is to place the catheter in the right arm and 
to use it to monitor for possible compression of the innominate 
artery by the mediastinoscope. This can help avoid central nervous 
system complications that might result from inadequate cerebral 
blood low via the right carotid artery (see “Mediastinoscopy”). 
The other approach would be to place the arterial catheter in the 
left radial artery, allowing for continuous blood pressure measure-
ments, uninterrupted by innominate artery compression. If this is 
done, a pulse oximeter probe should be placed on the right upper 
extremity to monitor for innominate artery compression. During 
thoracotomy, placement of the arterial catheter in the dependent 
arm can be used to monitor for possible axillary artery compres-
sion, which may occur if the patient is not properly positioned. 
For a brief thoracoscopy case in a relatively healthy patient, it 
would be acceptable to proceed without an arterial catheter, as 
long as the pulse oximeter is functioning reliably. Such an example 
might be a healthy patient presenting for bilateral VAT sympa-
thectomy for hyperhidrosis.

The patient undergoing a pulmonary resection, and especially 
a right pneumonectomy, is at risk for postoperative pulmonary 
edema. It is especially important to not luid overload such a 
patient, as the likelihood of postoperative edema is greater with 
increased intraoperative luid administration. Prior to its admin-
istration it would be preferable to be able to identify which 
patients would be likely to respond favorably to a luid bolus. The 
central venous pressure (CVP) may not accurately relect intra-
vascular volume status, and is no longer recommended as a guide 
for luid responsiveness.28 Systolic pressure variation (SPV) and 
pulse pressure variation (PPV) have been reported as being able 
to predict luid responsiveness.29 In a recent paper, a PPV greater 
than 13% predicted luid responsiveness, less than 9% predicted 
that the patient would not be responsive, and 9% to 13% relected 
a gray zone.30 Stroke volume variation has been reported to pre-
dict luid responsiveness, speciically in patients undergoing tho-
racic surgery, during OLV.31

Central venous Pressure monitoring

The CVP may relect the patient’s blood volume, venous tone, and 
right ventricular performance; however, it is also affected by central 
venous obstructions and alterations of intrathoracic pressure such 
as PEEP (see Chapter 25). The CVP relects right-sided heart func-
tion, not left ventricular performance. Catheters for measuring 
CVP may be placed for thoracotomies, and in particular, patients 
undergoing pneumonectomy. Uses of CVP catheters or large-bore 
introducers include (1) insertion of a transvenous pacemaker 
where necessary, (2) infusion of vasoactive drugs, and (3) insertion 
of a pulmonary artery (PA) catheter, which may subsequently be 
required during surgery or in the postoperative period. A recent 

study in healthy subjects indicated that, contrary to common 
belief, the CVP did not relect intravascular volume status.32

The CVP catheter can be placed centrally from either the 
external or the internal jugular vein, from the subclavian veins, or 
from one of the arm veins. The success rate is highest using the 
right internal jugular vein, and a pacemaker or PA catheter can be 
inserted most easily from this vein. The major disadvantage of 
using the external jugular vein during thoracotomy is that the 
catheter often kinks when the patient is turned to the lateral decu-
bitus position. The subclavian technique leads to a higher inci-
dence of pneumothorax, which can be disastrous if it occurs in 
the dependent lung during OLV. If necessary and if possible, a 
subclavian catheter should be placed ipsilateral to the surgery. As 
discussed above, the CVP is no longer considered an accurate 
guide for luid responsiveness. However, it is a common practice 
among thoracic anesthesiologists to place a CVP catheter for cer-
tain thoracic cases such as esophagectomy and pneumonectomy.

Pulmonary artery Catheterization

The PA catheter is most reliably inserted through the right internal 
jugular vein using a modiied Seldinger technique (see Chapter 25). 
Insertion of the PA catheter through either the external jugular 
vein or the subclavian vein often leads to obstruction of the cath-
eter when the patient is placed in the lateral decubitus position. 
Misinterpretation of data from a PA catheter is a real risk in a 
patient with cardiac and pulmonary diseases undergoing thoracic 
surgery with OLV. These errors can be produced by altered venti-
latory modes, the location of the PA catheter tip, ventricular  
compliance changes, or ventricular interdependence.33 A major 
limitation of the PA catheter is the assumption that the pulmonary 
capillary wedge pressure (PCWP) provides a good approximation 
of left ventricular end-diastolic volume. The use of PCWP directly 
to assess preload assumes a linear relationship between ventricu-
lar end-diastolic volume and ventricular end-diastolic pressure. 
However, alterations in ventricular compliance affect this pressure–
volume relationship during surgery. Decreases in ventricular  
compliance can occur with myocardial ischemia, shock, right ven-
tricular overload, or pericardial effusion. Numerous investigators 
have demonstrated a poor correlation between PCWP and left 
ventricular end-diastolic volume in acutely ill patients.34 This cor-
relation is further worsened by the application of PEEP. In addi-
tion, ventricular interdependence can cause misdiagnosis when 
the interventricular septum encroaches on the left ventricular cav-
ity, leading to increased values of PCWP. A PCWP associated with 
a decreased cardiac output can be interpreted as left ventricular 
failure, when in fact, left ventricular end-diastolic volume may not 
be increased but decreased because of compression of the left ven-
tricle by a distended right ventricle. This situation can occur with 
acute respiratory failure and high levels of PEEP. Techniques such 
as echocardiography, which directly measure ventricular dimen-
sions, may facilitate resolution of this complex situation.

Because most of the pulmonary blood low is to the right 
lower lobe, the tip of a low-directed PA catheter is usually located 
in the right lower lobe. During a left thoracotomy with OLV, the 
catheter tip would then be in the dependent lung and should pro-
vide accurate hemodynamic measurements. However, during a 
right thoracotomy with OLV, the catheter tip would most likely 
be in the nondependent lung, and may not be accurate. The use of 
intraoperative mean pulmonary artery pressure has been reported 
to be an indicator of safety for lung resection under thoracotomy.35 
The authors concluded that following occlusion of the main PA, 
upper safety limits of 33 mm Hg for right, and 35 mm Hg for left 
thoracotomy could be used. The authors noted that the difference 
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between sides was minimal, and less than expected. The monitor-
ing of Sv−o2 has been evaluated in patients undergoing one-lung 
anesthesia.36 Changes in Sv−o2 were mainly dependent on changes 
in Sao2. Currently, the use of the PA catheter for monitoring dur-
ing thoracic surgery is generally unnecessary, and may be reserved 
for patients with pulmonary hypertension.

Transesophageal echocardiography

Transesophageal echocardiography (TEE) is a useful intraopera-
tive monitor for ventricular function, valvular function, and wall 
motion changes that might relect ischemia (see Chapter 26). Its 
use in thoracic surgical patients has been limited, but it is widely 
used in patients undergoing lung transplant. The use of TEE 
requires special training, and may not be available at all centers. A 
recent review concluded that although the intraoperative use of 
TEE is not routinely indicated, it may be useful for diagnosing 
right ventricular dysfunction, in the setting of hypotension or 
arrhythmias following lung resection.37 Right ventricular dys-
function may occur during OLV, clamping of the pulmonary 
artery for either pneumonectomy, or during lung transplanta-
tion. TEE may be used to help determine if it is necessary to utilize 
cardiopulmonary bypass during lung transplantation.38

TEE may be useful in visualizing hilar lung tumors, and evalu-
ating possible extension into the heart. In one study, central lung 
tumors were seen with TEE in nine of the nine patients, peripheral 
lung tumors in one of the three patients, and an anterior mediasti-
nal mass in one of one patient.39 In this study, TEE revealed PA 
compression in ive patients and PA iniltration in two patients. In 
another study investigating echocardiographic recognition of 
mediastinal tumors, TEE revealed that the tumors were often 
adjacent to the heart and identiied those patients in whom there 
was compression of the innominate vein or PA, or iniltration of 
the heart.40

Intraoperative TEE has also revealed tumor invasion of the 
heart, indicating that a resection by thoracotomy without cardio-
pulmonary bypass was not feasible.41 In one case report, TEE 
monitoring during an attempted resection of a tumor invading 
the left atrium showed embolization of the tumor.42 Fragments of 
the tumor were seen to pass through the aortic valve. This patient 
subsequently died of disseminated metastases. In an exploratory 
thoracotomy for hemothorax, intraoperative TEE revealed the 
presence of a subacute aortic dissection, which was believed to be 
the cause of the hemothorax.43 TEE was used intraoperatively to 
evaluate a large anterior mediastinal mass, providing data on 
right ventricular outlow compression, and ventricular contrac-
tility and illing status.44 In another recent report, a mediastinal 
mass was diagnosed intraoperatively using TEE; in that case, the 
mass had been misdiagnosed preoperatively with transthoracic 
echocardiography as a pericardial effusion.45

additional noninvasive monitoring

Although data are presently limited, it has been reported that 
decreased cerebral oximetry values by absolute cerebral oximetry 
during OLV have been correlated with postoperative complica-
tions.46 In a subsequent study, the larger decreases in cerebral 
oxygen saturation occurred in patients with better preoperative lung 
function.47 At this time, the data are still too limited to recommend 
cerebral oximetry as a routine monitor during thoracic surgery.

A recent meta-analysis of the use of noninvasive cardiac out-
put measurements during surgery revealed poor agreement with 
thermodilution. Noninvasive cardiac output measurements are 
not commonly utilized during thoracic surgery.48 The use of 

noninvasive cardiac output monitoring for thoracic surgery is 
not recommended at this time.

monitoring of oxygenation and ventilation

oxygenation

During the administration of all thoracic surgical anesthetics, the 
concentration of inspired oxygen in the breathing system must be 
measured using an oxygen analyzer with a low oxygen concentra-
tion limit alarm (see Chapter 24). Such analyzers vary in sophistica-
tion from fuel cells to rapidly responding paramagnetic analyzers 
that monitor oxygen breath-by-breath and display an oxygram 
(analogous to, and a mirror image of, the capnogram). Adequacy 
of blood oxygenation must also be ensured, and adequate illumi-
nation and exposure of the patient are helpful to assess the color 
of shed blood or the presence of cyanosis of the lips, nail beds, or 
mucous membranes. Most patients undergoing thoracic surgical 
or diagnostic procedures have an arterial catheter in place for 
continuous monitoring of blood pressure and sampling of arte-
rial blood for blood gas analyses.

Pulse oximetry is now a standard of care for noninvasive 
assessment of blood oxygenation. The use of pulse oximetry is 
especially important during OLV, when rapid assessment of 
oxygenation is critical. A low Spo2 reading provides the clini-
cian with an indication for blood gas sampling and laboratory 
analysis of arterial blood. The traditional two-wavelength pulse 
oximeter may display spurious readings of Spo2 in the presence 
of dyshemoglobins, methemoglobin and carboxyhemoglobin. 
Multiwavelength (8 or 12 wavelengths) pulse oximeters are 
now commercially available that are capable of measuring car-
boxyhemoglobin, methemoglobin, deoxygenated hemoglobin, 
and oxygenated hemoglobin (HbO2%).49,50 In addition, con-
tinuous monitoring of total hemoglobin concentration is now 
available.51

ventilation

All patients must be continually monitored to ensure adequacy of 
ventilation. Monitoring includes qualitative signs such as chest 
excursion (visual observation of the lungs when the chest is open) 
and auscultation of breath sounds. In addition, during OLV, a 
stethoscope can be placed on the chest wall under the ventilated 
dependent lung. During controlled ventilation, circuit low- 
pressure and high-pressure alarms with an audible signal must be 
used. The respiratory rate, Vt, minute volume, and inlation pres-
sures should be observed.

Adequacy of ventilation should be conirmed by monitoring 
arterial blood gas analyses and Paco2, in particular. This may be 
estimated continuously and noninvasively by using a capnograph 
(see Chapter 25). The end-tidal CO2 concentration represents 
alveolar CO2 (Paco2), which approximates Paco2. There is nor-
mally a small arterial-to-alveolar CO2 difference (4 to 6 mm Hg), 
depending on alveolar dead space. The capnogram waveform is 
also helpful in diagnosing airway obstruction, incomplete relax-
ation,52 and even malposition of the DLT.53 During OLV, sys-
temic hypoxemia is usually a greater problem than hypercarbia.54 
This is because CO2 is approximately 20 times more diffusible 
than oxygen and Paco2 is more dependent on ventilation, com-
pared with Pao2, which is more dependent on perfusion.

Physiology of one-lung ventilation

Physiology of the lateral decubitus Position. Ventilation and 
blood low in the upright position are discussed in Chapters 11 
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and 28. These variables will now be considered as they pertain to 
the lateral decubitus position under six circumstances that are 
encountered during thoracic surgery.

lateral position, awake, breathing spontaneously, chest 
closed. In the lateral decubitus position, the distribution of blood 
low and ventilation is similar to that in the upright position, but 
turned by 90 degrees (Fig. 37-5). Blood low and ventilation to the 
dependent lung are signiicantly greater than that to the nonde-
pendent lung. Good V

⋅
/Q

⋅
  matching at the level of the dependent 

lung results in adequate oxygenation in the awake patient who is 
breathing spontaneously. There are two important concepts in 
this situation. First, because perfusion is gravity-dependent, the 
vertical hydrostatic pressure gradient is smaller in the lateral than 
in the upright position; therefore, zone 1 is usually less extended. 
Second, in regard to ventilation, the dependent hemidiaphragm is 
pushed higher into the chest by the abdominal contents com-
pared with the nondependent lung hemidiaphragm. During 
spontaneous ventilation, the conserved ability of the dependent 
diaphragm to contract results in an adequate distribution of VT to 
the dependent lung. Because most of the perfusion is to the 
dependent lung, the V

⋅
/Q

⋅
  matching in this position is maintained 

similar to that in the upright position.
lateral Position, awake, breathing spontaneously, Chest 

open. Controlled positive-pressure ventilation is the most com-
mon way to provide adequate ventilation and ensure gas exchange 
in an open-chest situation. Frequently, thoracoscopy is performed 
using intercostal blocks with the patient breathing spontaneously 
to allow proper lung examination. The thoracoscope provides an 
adequate seal of the open chest to prevent a “free” open-chest situ-
ation. Two complications can arise from the patient breathing 
spontaneously with an open chest. The irst is mediastinal shift, 
usually occurring during inspiration (Fig. 37-6). The negative pres-
sure in the intact hemithorax, compared with the less negative 
pressure of the open hemithorax, can cause the mediastinum to 
move vertically downward and push into the dependent hemitho-
rax. The mediastinal shift can create circulatory and relex changes 
that may result in a clinical picture similar to that of shock and 

respiratory distress. Sometimes, depending on the severity of the 
distress, the patient needs to be tracheally intubated immediately, 
with initiation of positive-pressure ventilation, and the anesthesi-
ologist must be prepared to intubate in this position without dis-
turbing the surgical ield.

The second phenomenon is paradoxical breathing (Fig. 37-7). 
During inspiration, the relatively negative pressure in the intact 
hemithorax compared with atmospheric pressure in the open 
hemithorax can cause movement of air from the nondependent 
lung into the dependent lung. The opposite occurs during expira-
tion. This gas movement reversal from one lung to the other repre-
sents wasted ventilation and can compromise the adequacy of gas 
exchange. Paradoxical breathing is increased by a large thoracot-
omy or by an increase in airway resistance in the dependent lung. 
Positive-pressure ventilation or adequate sealing of the open chest 
eliminates paradoxical breathing.

lateral Position, anesthetized, breathing spontaneously, 
Chest Closed. The induction of general anesthesia does not cause 
signiicant change in the distribution of blood low, but it has an 
important impact on the distribution of ventilation. Most of the 
VT enters the nondependent lung, and this results in a signiicant 
V
⋅
/Q

⋅
 mismatch. Induction of general anesthesia causes a reduction 

in the volumes of both lungs secondary to a reduction in FRC. Any 
reduction in volume in the dependent lung is of a greater magnitude 

Pv

PA
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Pv

PA

Pa

Zone 1
PA�Pa�PV

Zone 2
Pa�PA�PV

Zone 3
Pa�PV�PA

Vertical
distance

Blood flow

FIgURE 37-5. Schematic representation of the effects of gravity on the 
distribution of pulmonary blood flow in the lateral decubitus position. 
Vertical gradients in the lateral decubitus position are similar to those in 
the upright position and cause the creation of West zones 1, 2, and 3. 
Consequently, pulmonary blood flow increases with lung dependency, 
and is largest in the dependent lung and least in the nondependent lung. 
Pa, pulmonary artery pressure; PA, alveolar pressure; Pv, pulmonary venous 
pressure. (From: Benumof JL. Physiology of the open-chest and one lung 
ventilation. Thoracic Anesthesia. New York, NY: Churchill Livingstone; 
1983:288, with permission.)

Expiration

Pneumothorax

Inspiration

Pneumothorax

FIgURE 37-6. Schematic representation of mediastinal shift in the 
spontaneously breathing, open-chested patient in the lateral decubitus 
position. During inspiration, negative pressure in the intact hemithorax 
causes the mediastinum to move downward. During expiration, relative 
positive pressure in the intact hemithorax causes the mediastinum to 
move upward. (From: Tarhan S, Moffitt EA. Principles of thoracic anes-
thesia. Surg Clin North Am. 1973;53:813, with permission.)
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than that in the nondependent lung for several reasons. First, the 
cephalad displacement of the dependent diaphragm by the abdom-
inal contents is more pronounced and is increased by paralysis. 
Second, the mediastinal structures pressing on the dependent 
lung or poor positioning of the dependent side on the operating 
table prevents the lung from expanding properly. The aforemen-
tioned factors will move lungs to a lower volume on the S-shaped 
volume–pressure curve (Fig. 37-8). The nondependent lung moves 
to a steeper position on the compliance curve and receives most of 
the Vt, whereas the dependent lung is on the lat (noncompliant) 
part of the curve.

lateral Position, anesthetized, breathing spontaneously, 
Chest open. Opening the chest has little impact on the distribu-
tion of perfusion. However, the upper lung is now no longer 
restricted by the chest wall and is free to expand, resulting in a 
further increase in V

⋅
/Q

⋅
  mismatch as the nondependent lung is 

preferentially ventilated, owing to a now increased compliance.
lateral position, anesthetized, paralyzed, chest open. Dur-

ing paralysis and positive-pressure ventilation, diaphragmatic 
displacement is maximal over the nondependent lung, where 
there is the least amount of resistance to diaphragmatic move-
ment caused by the abdominal contents (Fig. 37-9). This further 

compromises the ventilation to the dependent lung and increases the 
V
⋅
/Q

⋅
  mismatch.
olv, anesthetized, paralyzed, chest open. During two-lung 

ventilation in the lateral position, the mean blood low to the non-
dependent lung is assumed to be 40% of cardiac output, whereas 
60% of cardiac output goes to the dependent lung (Fig. 37-10). 
Normally, venous admixture (shunt) in the lateral position is 10% 
of cardiac output and is equally divided as 5% in each lung. There-
fore, the average percentage of cardiac output participating in  
gas exchange is 35% in the nondependent lung and 55% in the 
dependent lung.

OLV creates an obligatory right-to-left transpulmonary shunt 
through the nonventilated, nondependent lung because the V

⋅
/Q

⋅
 

ratio of that lung is zero. In theory, an additional 35% should be 

Expiration

Pneumothorax

Inspiration

Pneumothorax

Expiration

Pneumothorax

Inspiration

Pneumothorax

FIgURE 37-7. Schematic representation of paradoxical respiration in 
the spontaneously breathing, open-chested patient in the lateral decu-
bitus position. During inspiration, movement of gas from the exposed 
lung into the intact lung and movement of air from the environment 
into the open hemithorax cause collapse of the exposed lung. During 
expiration, the reverse occurs, and the exposed lung expands. (From: 
Tarhan S, Moffitt EA. Principles of thoracic anesthesia. Surg Clin North 
Am. 1973;53:813, with permission.)

AnesthetizedAwake

Lateral decubitus
position

Up

Down

Up

Down

P

V

Lateral decubitus
position

FIgURE 37-8. The left side of the schematic shows the distribution of 
ventilation in the awake patient (closed chest) in the lateral decubitus 
position, and the right side shows the distribution of ventilation in the 
anesthetized patient (closed chest) in the lateral decubitus position. The 
induction of anesthesia has caused a loss in lung volume in both lungs, 
with the nondependent (up) lung moving from a flat, noncompliant por-
tion to a steep, compliant portion of the pressure–volume curve, and the 
dependent (down) lung moving from a steep, compliant part to a flat, 
noncompliant part of the pressure–volume curve. Thus, the anesthetized 
patient in the lateral decubitus position has most tidal ventilation in the 
nondependent lung (where there is the least perfusion) and less tidal 
ventilation in the dependent lung (where there is the most perfusion). V, 
volume; P, pressure. (From: Benumof JL. Anesthesia for Thoracic Surgery. 
Philadelphia, PA: WB Saunders; 1987:112, with permission.)

PAB

PAB

Closed chest

Up

Down

Up

Down

P

V

Open chest

FIgURE 37-9. This schematic of a patient in the lateral decubitus po-
sition compares the closed-chested anesthetized condition with the 
open-chested anesthetized and paralyzed condition. Opening the chest 
increases nondependent lung compliance and reinforces or maintains 
the larger part of the tidal ventilation going to the nondependent lung. 
Paralysis also reinforces or maintains the larger part of tidal ventilation 
going to the nondependent lung because the pressure of the abdominal 
contents (PAB) pressing against the upper diaphragm is minimal, and it is 
therefore easier for positive-pressure ventilation to displace this less resist-
ing dome of the diaphragm. V, volume; P, pressure. (From: Benumof JL. 
Anesthesia for Thoracic Surgery. Philadelphia, PA: WB Saunders; 1987:
112, with permission.)
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added to the total shunt during OLV. However, assuming active 
HPV, blood low to the nondependent hypoxic lung will be 
decreased by 50% and therefore is (35/2) = 17.5%. To this, 5% must 
be added, which is the obligatory shunt through the nondependent 
lung. The shunt through the nondependent lung is therefore 22.5% 
(Fig. 37-10). Together with the 5% shunt in the dependent lung, 
total shunt during OLV is 22.5% + 5% = 27.5%. This results in a 
Pao2 of approximately 150 mm Hg (Fio2 = 1).55

Because 72.5% of the perfusion is directed to the dependent 
lung during OLV, the matching of ventilation in this lung is 
important for adequate gas exchange. The dependent lung is no 
longer on the steep (compliant) portion of the volume–pressure 
curve because of reduced lung volume and FRC. There are several 
reasons for this reduction in FRC, including general anesthesia, 
paralysis, pressure from abdominal contents, compression by the 
weight of mediastinal structures, and suboptimal positioning on 
the operating table. Other considerations that impair optimal 
ventilation to the dependent lung include absorption atelectasis, 
accumulation of secretions, and the formation of a transudate in 
the dependent lung. All these create a low V

⋅
/Q

⋅
  ratio and a large 

P(a–a)o2 gradient.

ONE-LUNg VENTILATION

absolute indications for  
one-lung ventilation

Currently, a variety of thoracic surgical procedures such as lobec-
tomy, pneumonectomy, esophagogastrectomy, pleural decortica-
tion, bullectomy, and bronchopulmonary lavage are commonly 
performed. Customarily the indications are classiied either as 
absolute or as relative (Table 37-1). The absolute indications 
include life-threatening complications, such as massive bleeding, 
sepsis, and pus, in which the nondiseased contralateral lung must 
be protected from contamination. Bronchopleural and bronchocu-
taneous istulae are absolute indications because they offer a low- 
resistance pathway for the delivered VT during positive-pressure 
ventilation. A giant unilateral bulla may rupture under positive 
pressure, and ventilatory exclusion is mandatory. Finally, during 

4

One-lung
ventilation

Two-lung
ventilation

Fractional
blood flow

Fractional
blood flow

40%

60%

22.5%

77.5%

PaO2 � 400 mm Hg
Q
· 
s/Q

· 
t � 10%

PaO2 � 150 mm Hg
Q
· 
s/Q

· 
t  � 27.5%

Nondependent
lung

Dependent
lung

vs.

FIgURE 37-10. Schematic representation of two-lung ventilation versus one-lung ventilation (OLV). Typical values for fractional 
blood flow to the nondependent and dependent lungs, as well as PaO2 and Q

⋅
s/Q

⋅
t for the two conditions, are shown. The Q

⋅
s/Q

⋅
t 

during two-lung ventilation is assumed to be distributed equally between the two lungs (5% to each lung). The essential differ-
ence between two-lung ventilation and OLV is that, during OLV, the nonventilated lung has some blood flow and therefore an 
obligatory shunt, which is not present during two-lung ventilation. The 35% of total flow perfusing the nondependent lung, 
which was not shunt flow, was assumed to be able to reduce its blood flow by 50% by hypoxic pulmonary vasoconstriction. The 
increase in Q

⋅
s/Q

⋅
t from two-lung to OLV is assumed to be due solely to the increase in blood flow through the nonventilated, 

nondependent lung during OLV. (From: Benumof JL. Anesthesia for Thoracic Surgery. Philadelphia, PA: WB Saunders; 1987:112, 
with permission.)

bronchopulmonary lavage for alveolar proteinosis or cystic ibrosis, 
prevention of drowning the contralateral lung is necessary.

During the last several years video-assisted thoracoscopy 
(VAT) was introduced to clinical practice. Unlike conventional 
thoracoscopy, VAT allows for an extensive variety of diagnostic 
and therapeutic procedures. Improvements in video-endoscopic 

Modiied from: Benumof JL. Physiology of the open-chest and one lung ventila-
tion. In: Kaplan JA, ed. Thoracic Anesthesia. New York, NY: Churchill Livingstone; 
1983:299.

TAbLE 37-1.  indiCations for one-lung 

ventilation

absolute
1. Isolation of each lung to prevent contamination of a 

healthy lung
 a. Infection (abscess, infected cyst)
 b. Massive hemorrhage
2. Control of distribution of ventilation to only one lung
 a. Bronchopleural istula
 b. Bronchopleural cutaneous istula
 c. Unilateral cyst or bullae
 d. Major bronchial disruption or trauma
3. Unilateral lung lavage
4. Video-assisted thoracoscopic surgery

relative

1. Surgical exposure—high priority
 a. Thoracic aortic aneurysm
 b. Pneumonectomy
 c. Lung volume reduction
 d. Minimally invasive cardiac surgery
 e. Upper lobectomy
2. Surgical exposure—low priority
 a. Esophageal surgery
 b. Middle and lower lobectomies
 c. Mediastinal mass resection, thymectomy
 d. Bilateral sympathectomies
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surgical equipment and a growing enthusiasm for minimally 
invasive surgical approaches have contributed to its use. In most 
cases general anesthesia with OLV is required. The lung should be 
well collapsed to provide the surgeon with an optimal view of the 
surgical ield, and to facilitate palpation of the lesion in the lung 
parenchyma. In addition, it is dificult to place the stapler on a 
lung that is not completely collapsed, and there is an increase in 
incidence of postoperative air leak in these circumstances. The 
increased use of VAT has signiicantly increased the number of 
procedures that require lung separation. In some institutions, 
80% to 90% of the procedures are performed using the thoraco-
scopic approach. In modern anesthesia practice, VAT is an abso-
lute indication for lung separation.

Relative indications for one-lung ventilation

In clinical practice, a DLT is commonly used for a lobectomy or 
pneumonectomy; these represent relative indications for lung sepa-
ration when performed through an open thoracotomy. Upper 
lobectomy, pneumonectomy, and thoracic aortic aneurysm repair 
are high-priority indications. These procedures are technically dif-
icult, and optimal surgical exposure and a quiet operative ield are 
highly desirable. Lower or middle lobectomy and esophageal resec-
tion are of lower priority. There are a number of additional proce-
dures that have not been traditionally included as indications for 
OLV. Nevertheless, many surgeons are accustomed to operating 
with the lung collapsed for these cases. OLV minimizes lung trauma 
from retractors and manipulation, improves visualization of lung 
anatomy, and facilitates identiication and separation of anatomic 
structures and lung issures. These procedures include minimally 
invasive cardiac surgery, lung volume reduction, thoracic aneurysm 
repair, thoracic spinal procedures, mediastinal mass resection, thy-
mectomies, and mediastinal lymph node dissection.

It is important to distinguish between the need for lung isola-
tion versus lung separation.

lung isolation. Whenever the nondiseased lung is threatened 
with contamination by blood or pus from the diseased lung, the 
lungs must be isolated to prevent potentially life-threatening 
complications. Other indications are bronchopleural and bron-
chocutaneous istulas because they offer a low-resistance path-
way for the delivered VT during positive-pressure ventilation. 
Finally, during bronchopulmonary lavage for alveolar proteino-
sis or cystic ibrosis, protection of the contralateral lung from 
drowning is necessary. These situations, however, are relatively 
uncommon and in modern anesthesia practice constitute less 
than 10% of all thoracic procedures.

lung separation. All other indications for OLV can be consid-
ered as lung separations, in which there is no risk of contamination 
of the dependent lung. This includes all the relative indications 
that are primarily for surgical exposure. VAT for diagnostic and 
therapeutic procedures, which requires a well-collapsed lung, 
should also be included in this category.4–6 The majority of proce-
dures where OLV is used are for lung separation; only a minority 
require lung isolation.56,57

methods of Lung separation

Double-lumen endobronchial Tubes

Double-lumen endobronchial tubes are currently the most widely 
used means of achieving lung separation and OLV. There are several 
different types of DLT, but all are essentially similar in design in that 
two endotracheal tubes are “bonded” together. One lumen is long 
enough to reach a main stem bronchus, and the second lumen ends 

with an opening in the distal trachea. Lung separation is achieved by 
inlation of two cuffs: A proximal tracheal cuff and a distal bronchial 
cuff located in the main stem bronchus (see “Positioning Double-
lumen Tubes”). The endobronchial cuff of a right-sided tube is slot-
ted or otherwise designed to allow ventilation of the right upper lobe 
because the right main stem bronchus is too short to accommodate 
both the right lumen tip and a right bronchial cuff.

robertshaw tube.  The Carlens tube (which had a carinal hook) 
was the irst clinically available DLT and was used by pulmonolo-
gists for split function spirometry testing (Fig. 37-11A). Subse-
quently, the Robertshaw-design DLT (which lacked a carinal hook) 
was developed to facilitate thoracic surgery (Fig. 37-11B). This DLT 
is available in left-sided and right-sided forms. The absence of a 
carinal hook facilitates insertion. This tube design has the advan-
tages of having D-shaped, large-diameter lumens that allow easy 
passage of a suction catheter, offer low resistance to gas low, and 
have a ixed curvature to facilitate proper positioning and reduce 
the possibility of kinking. The original red rubber Robertshaw 
tubes were available in three sizes: Small, medium, and large. Red 
rubber tubes are rarely used now and have been replaced by clear, 
polyvinyl chloride (PVC) disposable Robertshaw-design DLTs. 
These are available in both right-sided and left-sided versions and 
in 35 French (Fr), 37 Fr, 39 Fr, and 41 Fr sizes. A 32-Fr left-sided 
DLT is available for small adults, and a 28 Fr for use in pediatric 
cases. The advantages of the disposable tubes include the relative 
ease of insertion and proper positioning as well as easy recogni-
tion of the blue color of the endobronchial cuff when iberoptic 
bronchoscopy is used. Other advantages are the conirmation of 
the position on a chest radiograph using the radiopaque lines in 
the wall of the tube and the continuous observation of tidal gas 
exchange and respiratory moisture through the clear plastic. The 
right-sided endobronchial tube is designed to minimize occlu-
sion of the opening of the right upper lobe bronchus. The right 
endobronchial cuff is doughnut-shaped and allows the right 
upper lobe ventilation slot to ride over the opening of the right 
upper lobe bronchus. The tube is also suitable for use in long-
term ventilation in the intensive care unit (ICU) because it has a 
high-volume, low-pressure cuff. These disposable PVC tubes are 
generally considered the tubes of choice for achieving lung sepa-
ration and OLV.58

A new rubber–silicone left-sided DLT, Silbronco (Silbronco 
DLT, Fuji Systems, Tokyo, Japan), was recently introduced into 
clinical practice. It has a D-shaped wire-reinforced lumen to main-
tain the tip at a 45-degree angle. The reinforced wall tends to pre-
vent obstruction or kinking of the bronchial lumen, yet at the 
same time maintains lexibility. It is especially useful if the left 
main stem bronchus is angled at 90 degrees from the trachea, 
making it almost impossible to position a PVC DLT. This clinical 
scenario can be seen in patients who have previously undergone a 
left upper lobectomy and the expansion of the left lower lobe dis-
places the left main bronchus upward.42,59

As the left main bronchus is considerably longer than the right 
bronchus, there is a narrow margin of safety on the right main 
bronchus, with potentially a greater risk of upper lobe obstruc-
tion whenever a right-sided DLT is used. A left-sided DLT is pre-
ferred for both right- and left-sided procedures. A left-sided DLT 
was selected for 1,166 of the 1,170 patients in one report, and was 
used successfully in over 98% of those patients.43 The authors rec-
ommended selecting the largest DLT that will safely it the bron-
chus. This will provide less resistance to ventilation and is less 
likely to dislocate.

Some authors have suggested using the patient height as a 
basis for selecting a DLT. However, the correlation between air-
way size and height is extremely poor.60 Tracheal and bronchial 
dimensions can be also directly measured from the chest radiograph 
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or chest CT scan. It is possible to measure the diameter of the left 
bronchus from the chest radiograph in almost 75% of patients. In 
patients in whom the left main bronchus cannot be directly mea-
sured, the left bronchial diameter can be accurately estimated by 
measuring tracheal width. The width of the left bronchus is 
directly proportional to tracheal width. The left bronchial width 
is estimated by multiplying the tracheal width by 0.68.61 Typi-
cally, most women will need a 37-Fr DLT and most men will be 
adequately managed with a 39-Fr DLT. In the past it was a more 
common practice to use the largest size DLT possible to avoid 
distal migration of the tube, and so that the pressure in the 
bronchial cuff could be minimized by needing less air for a seal. 
The common practice of iberoptic bronchoscopy has lessened 
the risk of undetected distal placement or migration of the 
bronchial tip. A recent study demonstrated that the routine 
use of a 35-Fr DLT in adults regardless of height was not asso-
ciated with an increase in hypoxemia or any other adverse 
clinical outcomes.62

The depth required for insertion of the DLT correlates with 
the height of the patient. For any adult 170- to 180-cm tall, the 
average depth for a left-sided DLT is 29 cm. For every 10-cm 
increase or decrease in height, the DLT is advanced or withdrawn 
1 cm.63

Placement of double-lumen tubes. This section concentrates 
on the insertion of disposable Robertshaw-design DLTs because 
they are the most widely used. Before insertion, the DLT should be 
prepared and checked. The tracheal cuff (high volume, low pres-
sure) can accommodate up to 20 mL of air, and the bronchial cuff 
can be checked using a 3-mL syringe. The tube should be coated 
liberally with water-soluble lubricant and the stylet should be 
withdrawn, lubricated, and gently placed back into the bronchial 
lumen without disturbing the tube’s preformed curvature. A 
Macintosh blade is preferred for intubation of the trachea because 
it provides the largest area through which to pass the tube. The 
insertion of the tube is performed with the distal concave curvature 

1

facing anteriorly. After the tip of the tube is past the vocal cords, the 
stylet is removed and the tube is rotated through 90 degrees. A left-
sided tube is rotated 90 degrees to the left, and a right-sided tube is 
rotated to the right. Advancement of the tube ceases when moder-
ate resistance to further passage is encountered, indicating that the 
tube tip has been irmly seated in the main stem bronchus. It is 
important to remove the stylet before rotating and advancing the 
tube to avoid tracheal or bronchial laceration. Rotation and advance-
ment of the tube should be performed gently and under continuous 
direct laryngoscopy to prevent hypopharyngeal structures from 
interfering with proper positioning. Once the tube is believed to be 
in the proper position, a sequence of steps should be performed to 
check its location.

First the tracheal cuff should be inlated, and equal ventilation 
of both lungs established. If breath sounds are not equal, the tube 
is probably too far down, and the tracheal lumen opening is in a 
main stem bronchus or is lying at the carina. Withdrawal of the 
tube by 2 to 3 cm usually restores equal breath sounds. The sec-
ond step is to clamp the right side (in the case of the left-sided 
tube) and remove the right cap from the connector. Then the 
bronchial cuff is slowly inlated to prevent an air leak from the 
bronchial lumen around the bronchial cuff into the tracheal 
lumen. This ensures that excessive pressure is not applied to the 
bronchus and helps avoid laceration. Inlation of the bronchial 
cuff rarely requires >2 mL of air. The third step is to remove the 
clamp and check that both lungs are ventilated with both cuffs 
inlated. This ensures that the bronchial cuff is not obstructing 
the contralateral hemithorax, either totally or partially. The inal 
step is to clamp each side selectively and watch for absence of 
movement and breath sounds on the ipsilateral (clamped) side; 
the ventilated side should have clear breath sounds, chest move-
ment that feels compliant, respiratory gas moisture with each 
tidal ventilation, and no gas leak. If peak airway pressure during 
two-lung ventilation is 20 cm H2O, it should not exceed 40 cm 
H2O for the same Vt during OLV.

A B

FIgURE 37-11. a: Left main 
stem endobronchial intubation 
using a Carlens tube. Note cari-
nal “hook” used for correct 
positioning. (From: Hillard EK, 
Thompson PW. Instruments 
used in thoracic anaesthesia. 
In: Mushin WW, ed. Thoracic 
Anaesthesia. Oxford: Blackwell 
Scientific; 1963:315.) B: A left-
sided Robertshaw type double-
lumen tube constructed from 
polyvinyl chloride. (Courtesy of 
Nellcor Puritan Bennett, Inc., 
Pleasanton, California.) 
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Other methods that have been used for ensuring the correct 
placement of a DLT include luoroscopy, chest radiography, 
selective capnography, and use of an underwater seal. Determina-
tion of the presence of gas leaks when positive pressure is applied 
to one lumen of a DLT is easily done in the operating room (OR). 
If the bronchial cuff is not inlated and positive pressure is applied 
to the bronchial lumen of the DLT, gas leaks past the bronchial 
cuff and returns through the tracheal lumen. If the tracheal lumen 
is connected to an underwater seal system, gas will be seen to 
bubble up through the water. The bronchial cuff can then be 
gradually inlated until no gas bubbles are seen and the desired 
cuff seal pressure can be attained. This test is of extreme impor-
tance when absolute lung separation is needed, such as during 
bronchopulmonary lavage.

 The most important advance in checking for proper position 
of a DLT is the introduction of the pediatric lexible iberoptic 
bronchoscope (Fig. 37-12). Smith et al.64 showed that when the 
disposable DLT was believed to be in correct position by ausculta-
tion and physical examination, subsequent iberoptic bronchos-
copy showed that 48% of tubes were, in fact, malpositioned. Such 
malpositions, however, are usually of no clinical signiicance.65 
When using a left-sided DLT, the bronchoscope is usually irst 
introduced through the tracheal lumen. The carina is visualized, 
but no bronchial cuff herniation should be seen. The upper sur-
face of the blue endobronchial cuff should be just below the tra-
cheal carina. The bronchial cuff of the disposable DLT is easily 
visualized because of its blue color. The bronchoscope should then 
be passed through the bronchial lumen, and the left upper lobe 

5

A

C

B

FIgURE 37-12. Fiberoptic bronchoscopic view of the main carina (a), the 
“left bronchial carina” (B), and the right bronchus (C). Note the right upper 
lobe orifice (arrow).
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A B

FIgURE 37-13. Malposition of the left bronchial limb of the double-lumen tube (DLT). a: The limb is too far into the left bron-
chus because the cuff is not evident. B: DLT is withdrawn and the balloon is now in view, indicating appropriate position of the 
DLT (arrow).

bronchial oriice should be identiied. When a right-sided DLT is 
used, the carina should be visualized through the tracheal lumen 
but, more importantly, the oriice of the right upper lobe bronchus 
should be identiied when the bronchoscope is passed through the 
right upper lobe ventilating slot of the DLT. Pediatric iberoptic 
bronchoscopes are available in several sizes: 5.6, 4.9, and 3.6 mm 
in external diameter. The 4.9-mm diameter bronchoscope can be 
passed through DLTs of 37 Fr and larger. The 3.6-mm diameter 
bronchoscope is easily passed through all sizes of DLT. In general, 
it is recommended that the largest size that can pass through the 
lumen of a DLT be used because it provides better visualization 
and facilitates identiication of the bronchial anatomy. Excellent 
iberoptic images of the tracheobronchial tree can be seen by 
accessing the website thoracicanesthesia.com.

Problems of malposition of the double-lumen tube. The use of 
a DLT is associated with a number of potential problems, the most 
important of which is malposition. There are several possibilities 
for tube malposition. The DLT may be accidentally directed to the 
side opposite the desired main stem bronchus. In this case, the lung 
opposite the side of the connector clamp will collapse. Inadequate 
separation, increased airway pressures, and instability of the DLT 
usually occur. In addition, because of the morphology of the DLT 
curvatures, tracheal or bronchial lacerations may result. If a left-
sided DLT is inserted into the right main stem bronchus, it 
obstructs ventilation to the right upper lobe. It is therefore essential 
to recognize and correct such a malposition as soon as possible.

Second, the DLT may be passed too far down into either the 
right or the left main stem bronchus (Fig. 37-13). In this case, 
breath sounds are very diminished or not audible over the contra-
lateral side. This situation is corrected when the tube is withdrawn 
and the opening of the tracheal lumen is above the carina.

Third, the DLT may not be inserted far enough, leaving the 
bronchial lumen opening above the carina. In this position, good 
breath sounds are heard bilaterally when ventilating through the 

bronchial lumen. No breath sounds are audible when ventilating 
through the tracheal lumen because the inlated bronchial cuff 
obstructs gas low arising from the tracheal lumen. The cuff 
should be delated and the DLT rotated and advanced into the 
desired main stem bronchus.

Fourth, a right-sided DLT may occlude the right upper lobe 
oriice. The mean distance from the carina to the right upper lobe 
oriice is 2.3 ± 0.7 cm in men and 2.1 ± 0.7 cm in women.49 With 
right-sided DLTs, the ventilatory slot in the side of the bronchial 
catheter must overlie the right upper lobe oriice to permit ventila-
tion of this lobe. However, the margin of safety is extremely small, 
and varies from 1 to 8 mm.66 It is therefore dificult to ensure 
proper ventilation to the right upper lobe and avoid dislocation of 
the DLT during surgical manipulation. When right endobronchial 
intubation is required, a disposable right-sided DLT is perhaps the 
best choice because of the slanted doughnut shape of the bronchial 
cuff, which allows the ventilation slot to ride off the right upper 
lobe ventilation oriice and increases the margin of safety.

Fifth, the left upper lobe oriice may be obstructed by a left-
sided DLT. Traditionally, it was believed that the take-off of the 
left upper lobe bronchus was at a safe distance from the carina 
and that it would not be obstructed by a left-sided DLT. However, 
the mean distance between the left upper lobe oriice and the 
carina is 5.4 ± 0.7 cm in men and 5 ± 0.7 cm in women.67 The 
average distance between the openings of the right and left lumens 
on the left-sided disposable tubes is 6.9 cm. Therefore, an obstruc-
tion of the left upper lobe bronchus is possible while the tracheal 
lumen is still above the carina. There is also a 20% variation in the 
location of the blue endobronchial cuff on the disposable tubes 
because this cuff is attached to the tube at the end of the manufac-
turing process.

Bronchial cuff herniation may occur and obstruct the bron-
chial lumen if excessive volumes are used to inlate the cuff. The 
bronchial cuff has also been known to herniate over the tracheal 
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carina, and in the case of a left-sided DLT, to obstruct ventilation 
to the right main stem bronchus.

Another rare complication with DLTs is tracheal laceration or 
rupture (Fig. 37-14). Overinlation of the bronchial cuff, inap-
propriate positioning, and trauma owing to intraoperative dislo-
cation that resulted in bronchial rupture have been described in 
association with the Robertshaw tube and the disposable DLT.68 
Therefore, the pressure in the bronchial cuff should be assessed 
and decreased if the cuff is found to be overinlated. If absolute 
separation of the lungs is not needed, the bronchial cuff should be 
delated and then reinlated slowly to avoid excessive pressure on 
the bronchial walls. The bronchial cuff should also be delated 
during any repositioning of the patient unless lung separation is 
absolutely required during this time.

In a recent prospective trial, 60 patients were randomly 
assigned to two groups. OLV was achieved with either an endo-
bronchial blocker (blocker group) or a DLT (double-lumen 
group). Postoperative hoarseness and sore throat were assessed at 
24, 48, and 72 hours after surgery. Bronchial injuries and vocal 
cord lesions were examined by bronchoscopy immediately after 
surgery. Postoperative hoarseness occurred signiicantly more 
frequently in the double-lumen group compared with the blocker 
group (44% vs. 17%, respectively). Similar indings were observed 
for vocal cord lesions (44% vs. 17%). The incidence of bronchial 
injuries was comparable between groups.69

Lung separation in the Patient  
with a Tracheostomy

Occasionally, a patient with a permanent tracheostomy is sched-
uled for surgery on the lung that requires isolation. Examples of 
such patients include those who have undergone resection of a 

tumor in the loor of the mouth or on the base of the tongue, fol-
lowed by extensive reconstructive surgery with the creation of a 
permanent tracheal stoma. Routine follow-up may reveal a lung 
lesion that requires a diagnostic procedure. Conventional double-
lumen endobronchial tubes are designed to be inserted through the 
mouth, not through a tracheal stoma. The standard DLTs are usu-
ally too stiff to negotiate the curve required for insertion through a 
tracheal stoma and are dificult to position.70 A separately inserted 
bronchial blocker may permit adequate lung separation.71

Saito et al.72 described a spiral, wire-reinforced, double-lumen 
endobronchial tube made of silicone (Koken Medical, Tokyo, Japan) 
that is designed for placement through a tracheostomy. The middle 
section of the tube consists of two thin-walled silicone catheters 
with an internal diameter of 5 mm, glued together and reinforced 
with a stainless steel spiral wire and covered with a silicone coat-
ing with two pilot balloons. The distal section, which contains the 
bronchial lumen and the bronchial cuff, is made of wire-reinforced 
silicone to avoid excessive lexibility. The dimensions are based on 
the Mallinckrodt DLT (Hazelwood, MD). The bronchial cuff is 
located 1.2 cm from the tip, and the distance between the tip oriice 
and the tracheal oriice is 4.9 cm. In a clinical trial in patients with 
permanent tracheal stomas, the tubes functioned well in achieving 
lung separation, with no sign of kinking or movement, and permit-
ted easy passage of a suction catheter.

Lung separation in the Patient  
with a Difficult airway

An airway may be recognized initially as dificult when conven-
tional laryngoscopy reveals a grade III or IV view (see Chapter 
27). When separation of the lungs is required and the patient has 
a clearly recognized dificult airway, then awake intubation using 
a lexible iberoptic bronchoscope can be used to place a DLT, 
Univent tube, or single-lumen tube (SLT). The SLT may then be 
exchanged for a DLT or Univent tube using a tube exchanger. 
Furthermore, depending on the extent and duration of the surgi-
cal procedure, and the amount of luid shift, an airway that was 
not initially classiied as dificult may become dificult secondary 
to facial edema, secretions, and laryngeal trauma from the initial 
intubation.73,74

A logical approach to lung separation is shown in Figure 
37-15. When lung separation is mandated and the patient has a 
recognized dificult airway, awake intubation using lexible iber-
optic bronchoscopy can be attempted using a DLT, Univent tube, 
or SLT. The same approach may be used for the patient with an 
unrecognized dificult airway and a failure to intubate with con-
ventional laryngoscopy. When using a DLT over a iberoptic 
bronchoscope, the anesthesiologist should keep in mind that it is 
a bulky tube with a large external diameter and because of the 
length of the DLT, only a limited part of the iberoptic broncho-
scope is available for manipulation. In addition, the mismatch 
between the lexibility of the iberoptic bronchoscope and the 
rigidity of the DLT makes it more dificult to advance over the 
iberoptic bronchoscope. The Univent tube has the same bulky 
external diameter and is also often dificult to pass between the 
vocal cords, particularly in a patient who is awake.

single-lumen Tube can be successfully Placed

If a failure to provide lung separation could result in a life- 
threatening situation, there are two possibilities to provide OLV 
when an SLT is already in place. First, depending on the indica-
tion for lung isolation, a tube exchanger can be used to switch to 
a DLT or a Univent tube. The second possibility is to direct a 

FIgURE 37-14. Bronchoscopic view showing laceration in left main-
stem bronchus.
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bronchial blocker through the SLT into the selected main stem 
bronchus. These two methods, however, offer limited protection 
or an inadequate seal in cases such as lung lavage, pulmonary 
abscess, or hemoptysis, where a DLT would be the tube of choice.

use of a Tube exchanger

Several tube exchangers are commercially available (Cook Criti-
cal Care, bloomington, IN; Sheridan Catheter Corporation, 
Argyle, NY). On these tube exchangers, the depth is marked in 
centimeters; they are available in a wide range of external diame-
ters and easily adapted for either oxygen insuflation or jet venti-
lation. The size of the tube exchanger and the size of the tube to 
be inserted should be tested before use in a patient. The 11-Fr 
tube changer will pass through a 35- to 41-Fr DLT, whereas the 
14-Fr tube exchanger does not pass through a 35 Fr. To prevent 
lung laceration, the tube exchanger should never be inserted 
against resistance. Because the irst generation of tube exchangers 
was very stiff, there was a risk for tracheal or bronchial laceration. 
Recently, a new tube exchanger with a soft lexible tip was released 
by Cook Critical Care that is safer to use and is less likely to cause 
airway laceration. Finally, when passing any tube over an airway 
guide, a laryngoscope should be used to facilitate passage of the 
tube over the airway guide past supraglottic tissues.

use of modern Bronchial Blockers

bronchial blocker (bb). Lung separation can be achieved with a 
reusable bronchial blocker.75 Magill described an endobronchial 
blocker that is placed using a bronchoscope and directed to the non-
ventilated lung. Inlation of the cuff at the distal end of the blocker 
serves to block ventilation to that lung. The lumen of the blocker 
permits suctioning of the airway distal to the catheter tip. Depend-
ing on the clinical circumstance, oxygen can be insuflated through 

2

the catheter lumen. A conventional tracheal tube is then placed in 
the trachea. This technique can be useful in achieving selective 
ventilation in children younger than 12 years of age. However, 
because the blocker balloon requires a high distending pressure, it 
easily slips out of the bronchus into the trachea, obstructing ventila-
tion and losing the seal between the two lungs. This displacement 
can be secondary to changes in position or to surgical manipulation. 
The loss of lung separation can be a life-threatening situation if it 
was performed to prevent spillage of pus, blood, or luid from bron-
chopulmonary lavage. For this reason, bronchial blockers are rarely 
used for these types of cases.

Indications for the use of a bronchial blocker are shown in Table 
37-2. An independently passed bronchial blocker may be used with 
an SLT to obtain lung isolation, thereby avoiding the use of a DLT 
in a patient with a dificult airway. The use of a bronchial blocker 
also eliminates the potential risk of needing to change a DLT to an 
SLT at the conclusion of the procedure. The blockers are discussed 
later, in the chronologic order in which they were developed, and 
came into practice. In the past, Fogarty vascular embolectomy cath-
eters were used for lung separation, but there is no indication for 
their use in the current practice of thoracic anesthesia. The balloon 
of the Fogarty is high pressure, low volume, and there is no lumen 
to allow egress of gas from the lung to facilitate delation.

univent tube. The Univent (Fuji Systems Corp., Tokyo, 
Japan) is a single-lumen tracheal tube with a movable endobron-
chial blocker (Fig. 37-16). In the Univent tube, the bronchial 
blocker is housed in a small channel bored in the wall of the tube. 
The blocker contains a high-volume, low-pressure balloon, and is 
angled to permit external direction into the desired bronchus 
under direct iberoptic bronchoscopic (FB) vision. After intuba-
tion of the trachea, the movable blocker is manipulated into the 
desired main stem bronchus with the aid of a iberoptic broncho-
scope. The Univent tube may be ideal for cases in which a tube 
change (e.g., from single to double lumen) may be dificult (e.g., 

3

Lung separation in the patient
with a difficult airway

Fiberoptic bronchoscopy
video laryngoscopy

Single-lumen
tube

Unrecognized

Mask
ventilation

Failed laryngoscopy
tracheal intubation

Recognized

Proper
preparation

Awake intubation

Relative
indications

Use single-
lumen tube

One-lung
ventilation

Bronchial blocker

Absolute
indications

Tube exchanger
with laryngoscopy

Double-lumen
tube, Univent

FIgURE 37-15. Lung separation in the patient 
with a difficult airway. (Adapted from: Cohen E, 
Benumof JL. Lung separation in the patient with a 
difficult airway. Curr Opin Anesthesiol. 1999;12:
29, with permission.)
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mediastinoscopy followed by thoracotomy), or in cases of bilat-
eral lung transplantation. The Univent tube has the advantage 
common to all bronchial blockers: It is an SLT, and there is no need 
to change the tube at the end of the procedure if postoperative ven-
tilatory support is required. This is particularly important in cases 
of dificult intubation, prolonged surgery with airway edema, such 
as thoracic aortic aneurysm surgery or extensive neurosurgical pro-
cedures on the spine with massive luid replacement, and altered 
anatomy of the airway. It is also possible to suction through the 
blocker lumen or to apply continuous positive airway pressure 
(CPAP) to improve oxygenation in cases of hypoxemia.

The disadvantages of the Univent tubes are that correct position-
ing of the blocker may be dificult to achieve or maintain and that 

the external diameter is relatively large. Many anesthesiologists 
prefer to avoid postoperative ventilation with such a large-diameter 
tube, and in that case, change it to a standard tube at the conclusion 
of the surgery. The blocker can dislocate during surgical manipula-
tion, and satisfactory bronchial seal and lung separation are some-
times dificult to achieve. The bronchial blocker is somewhat stiff 
and sometimes will not easily be directed into the main bronchus. 
This is particularly true for the left side. The bulky external diameter 
can also make it dificult to pass the tube between the vocal cords.

The irst-generation Univent tube’s bronchial blocker was dif-
icult to direct into the selected main bronchus. The blocker would 
spin (torque) on its long axis, which made it dificult to control. 
The second generation, the Torque Control Blocker Univent, was 
introduced more recently. It consists of a silicon endotracheal 
tube that has a high friction coeficient. The Torque Control 
Blocker provides better control, which facilitates direction of the 
blocker into the target main stem bronchus.

arndt blocker. In an attempt to overcome the potential prob-
lems described previously, a snare-guided bronchial blocker has 
been introduced (Cook Critical Care) (Fig. 37-17A). It is a wire-
guided catheter with a loop snare. A iberscope is passed through 
the loop of the bronchial blocker and then guided into the desired 
bronchus. The blocker is then slid distally over the iberscope and 
into the selected bronchus. Bronchoscopic visualization conirms 
blocker placement and bronchial occlusion. This balloon-tipped 
catheter has a hollow lumen of 1.6 mm, which allows suction to 
facilitate the collapse of the lung and insuflation of oxygen to the 
nondependent lung. The balloon is available in spherical or ellip-
tic shape. The set contains a multiport adapter, which allows 
uninterrupted ventilation during the positioning of the blocker. 
The wire may then be removed, and a 1.6-mm lumen may be 
used as a suction port or for oxygen insuflations. In the irst gen-
eration of this device it was not possible to reinsert the string once 
it had been pulled out, losing the ability to redirect the bronchial 
blocker if necessary. External reinforcement of the wire now 
allows for its reintroduction through the lumen. Finally, the 
external diameter necessitates a large size SLT (at least 8 mm) to 
be able to accommodate the bronchial blocker. The Arndt blocker 
is available in a 7-Fr and in a 5-Fr pediatric size. One disadvantage 
of the Arndt Blocker is that it is advanced blindly over the FB into 
the desired main bronchus. In some occasions the tip of the 
blocker may get caught at the main carina or at the Murphy eye of 
the SLT.

A B

FIgURE 37-16. a: The Univent tube also allows lung separation using a single-lumen endotracheal tube. B: The Univent bron-
chial blocker positioned in left main stem bronchus.

TAbLE 37-2.  indiCations for the use of 

endobronChial bloCKers

The Difficult Airway

Avoids the need for tube exchange (DLT to SLT)
Following laryngeal surgery
Patient with a tracheostomy
Distorted bronchial anatomy due to compression by 

aneurysm or tumor
Patient who requires nasotracheal intubation

Management

Makes possible segmental blockade in a patient who cannot 
tolerate OLV

Morbid obesity
Small size and pediatric patients
Patients from the ICU who arrive to the OR tracheally 

intubated

Surgical Procedures not Involving the Lung

Esophageal surgery
Spine surgery that requires a transthoracic approach
Minimally invasive cardiac surgery

ICU, Intensive care unit; OLV, one-lung ventilation; SLT, single-lumen tube; DLT, 
double-lumen tube; OR, operating room.
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Cohen blocker. The Cohen Flexitip endobronchial blocker 
(Cook Critical Care) is designed for use as an independent bron-
chial blocker. It is inserted through a single-lumen endotracheal 
tube with the aid of a small-diameter (4-mm) iberoptic broncho-
scope76 (Fig. 37-17B). The blocker has a rotating wheel that delects 
the soft tip by more than 90 degrees and easily directs it into the 
desired bronchus. The blocker cuff is a high-volume, low-pressure 
balloon inlated via 0.4-mm lumen inside the wall of the blocker. 
It has a pear shape that provides adequate seal of the bronchus.  
Generally, it takes between 6 and 8 mL of air to seal the bronchus 
with the cuff. The cuff is a distinctive blue color that is easily rec-
ognizable by iberoptic bronchoscopy. It is best to inlate the cuff 
under “direct vision” via the iberoptic bronchoscope. The blocker 
size is 9 Fr. It has a central main lumen (1.6 mm) that allows lim-
ited suctioning of secretions and insuflations of oxygen to the col-
lapsed lung in case of hypoxemia. This blocker and the FB do not 
have to pass through the tracheal tube at the same time for place-
ment; the blocker can be passed ahead of the FB beyond the tra-
cheal tube tip. Therefore, it can be used with a 7-mm tracheal tube.

uniblocker. Fuji Systems introduced a new 9-Fr balloon-
tipped, angled blocker with a multiple port adapter that is essen-
tially the same design as the Univent tube blocker, but can be used 
as an independent blocker passed via a special connector through 
a standard tracheal tube (Fig. 37-17C).

A

B

C

D

FIgURE 37-17. a: Arndt blocker; B: Cohen blocker; C: Uniblocker; D: EZ blocker.

eZ-blocker. The most recent addition to the endobronchial 
blocker design is the EZ Blocker. (IQ Medical Ventures). This is a 
7-Fr., 4 lumen, 75-cm, disposable endobronchial blocker to facil-
itate selective lung ventilation (Fig. 37-17D). It has a symmetric 
Y-shaped bifurcation and both branches have an inlatable cuff 
and a central lumen. The bifurcation resembles the bifurcation of 
the trachea. During insertion via a standard tracheal tube, each of 
the two distal ends is placed into a main stem bronchus. The 
selected lung is isolated by inlating the blocker’s balloon to the 
least volume necessary to occlude the main stem bronchus under 
bronchoscopic visualization. This blocker should offer an advan-
tage during bilateral procedures because each lung can be delated 
without the need for repositioning the blocker. At the time of 
writing, clinical experience with the device is too limited to be 
able make any recommendations. The characteristics of the vari-
ous bronchial blockers are summarized in Table 37-3.

The effectiveness of lung isolation among three devices—the 
left-sided DLT Broncho-Cath, the Torque Control Blocker Uni-
vent, and the wire-guided Arndt—has been compared in a pro-
spective randomized trial. There was no signiicant difference in 
tube malpositions among the three groups: It took longer to posi-
tion the Arndt blocker (3 minutes) compared with the left-sided 
DLT (2 minutes) and the Univent (2 minutes). Excluding the 
time for tube placement, the Arndt group also took longer for the 
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lung to collapse (26 minutes), compared with the DLT group 
(17 minutes) or Univent group (19 minutes). Furthermore, unlike 
the other two groups, the majority of the Arndt patients required 
suction to achieve lung collapse. Once lung isolation was achieved, 
overall surgical exposure was rated excellent for the three groups. 
One minute longer to position a bronchial blocker or 6 minutes 
longer to collapse the lung with the bronchial blocker is insig-
nificant when considering the length of the thoracic proce-
dure. The risk benefit and the patient safety of each individual 
patient should be considered when choosing the methods for lung 
isolation.75,77,78

A recent study evaluated the use of the Cohen blocker, the 
Arndt blocker, the Uniblocker, and DLT in 4 groups of 26 patients 
in each group. They found no differences among the groups in 
the time taken to insert these lung isolation devices or in the qual-
ity of the lung collapse.79 The grading was done by the operating 
surgeons who were blinded as to which device was used. The 
number of cuff dislocations was higher among the bronchial 
blocker (bb) groups. Regardless of the type of bb or DLT selected 
to provide OLV, the decision as to which technique to use depends 
on the clinical circumstances and the physician’s experience and 
comfort with a particular device. It is important, however, that 
the clinician does not limit his/her practice to the use of only one 
device but rather be versatile and comfortable in the use of 
several.

Conclusion of the surgical Procedure

Depending on the extent and the duration of the surgical proce-
dure and the degree of luid shift, an airway that was initially not 
classiied as dificult may become dificult secondary to facial 
edema, secretions, and laryngeal trauma from the original intuba-
tion. In these cases, when planning to provide lung separation, 
the postoperative period should be considered and the appropri-
ate tube placed. Many procedures that are not considered to rep-
resent absolute indications for lung separation are lengthy and 
complex. Complex lung resection, with or without chest wall 
resection, thoracoabdominal esophagogastrectomy, thoracic aor-
tic aneurysm resection with or without total circulatory arrest, or 
an extensive vertebral tumor resection, may result in facial edema, 
secretion, and hemoptysis, requiring postoperative ventilatory 
support. Other indications for postoperative ventilatory support 
are marginal respiratory reserve, unexpected blood loss or luid 
shift, hypothermia, and inadequate reversal of residual neuro-
muscular blockade.

If a Univent tube was used to provide OLV, the blocker may be 
fully retracted and the Univent tube can be used as an SLT. If an 

independent bronchial blocker was used, then the blocker is 
removed, leaving the SLT in place. The problem arises when a 
DLT was inserted for lung separation. In a patient with a dificult 
airway and subsequent facial edema, the DLT may be left in place 
after surgery.

If the decision to leave the DLT in place is made, it is impor-
tant to keep in mind that the ICU staff is usually less experienced 
in managing such a tube, which may easily become dislocated. In 
addition, it is more dificult to suction through the lumens, and a 
longer, narrower suction catheter is needed to reach the tip of the 
endobronchial lumen. Another possibility is to withdraw the DLT 
to place the 19- to 20-cm mark at the teeth so that the endobron-
chial lumen is above the carina and both lungs can be ventilated 
via the bronchial lumen. Tracheal extubation from the DLT 
should be considered after diuresis and steroid therapy to allow 
reduction of the facial and airway edema.

If it is necessary to change the DLT to an SLT, a tube exchanger 
should be used to maintain access to the airway, as previously dis-
cussed. The tube exchanger can be passed through the bronchial 
limb of the DLT. Alternatively, the tube exchange may be per-
formed under direct vision using one of several commercially 
available video laryngoscopes, such as the GlideScope (Verathon 
Medical), C-Mac (Karl Storz), or the Mc Grath (Aircraft Medical) 
(see Chapter 27). With these video laryngoscopes, the tube 
exchanger can be placed under direct vision through the vocal 
cords alongside the existing tube to permit passage of an SLT 
(Fig. 37-18). The Airtraq DL (King Systems) is a disposable video 
blade that is manufactured with a large channel that is large 
enough to accommodate a DLT.

In summary, the clinician should be able to master different 
methods of lung separation and make himself/herself familiar 
with the devices available to provide OLV. In addition, one should 
always plan in advance for the postoperative period when select-
ing the method of lung separation. Finally, in these cases, a close 
dialog with the surgical team is of vital importance.

MANAgEMENT OF ONE-LUNg 

VENTILATION

This section discusses the management of one-lung ventilation 
(OLV) in a paralyzed patient in the lateral decubitus position with 
an open chest. Inspired oxygen fraction (Fio2), Vt and respiratory 
rate, dependent lung, PEEP, and nondependent lung CPAP are 
reviewed, and an approach to the management of OLV is presented.

TAbLE 37-3.  ComParison of bronChial bloCKers

Arndt Blocker Cohen Blocker Uniblocker EZ Blocker

Size 5 Fr, 7 Fr, 9 Fr 9 Fr 9 Fr 7 Fr
Guidance feature Wire loop to snare FOB Delecting tip Preixed bend Double-lumen bifurcated tip
Recommended tracheal 

tube size
9 Fr 8 mm
7 Fr 7 mm
5 Fr 4.5 mm

8 mm 8 mm 8 mm

Central lumen 1.8 mm 1.8 mm 2 mm
Murphy eye Present in 9 Fr Present None None
Disadvantages BB not visualized 

during insertion
Expensive No steering mechanism. 

Preixed bend
Lumen too small. Impossible 

to suction
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Confirmation of Correct Position  
of DLT or endobronchial Blocker

Following intubation with a DLT or placement of an endobron-
chial blocker, the correct position should be checked by clinical 
assessment, visualization of chest movement, auscultation, and 
pressure/volume low proile. In modern anesthesia practice, a 
standard 4.0-mm iberscope should be passed down the tracheal 
lumen to check for correct depth, or alongside the endobronchial 
blocker that was passed through the single lumen tracheal tube. It 
is a common practice to visualize the tip of the blue bronchial cuff 
at the level of the carina to insure that the left upper lobe oriice is 
not obstructed. Once the patient is turned into the lateral posi-
tion, the position of the DLT should be rechecked to exclude 
dislocation of the tube during positioning.80

inspired oxygen fraction

An Fio2 of 1 is generally recommended during OLV. High oxygen 
concentration serves to protect against hypoxemia during the 
procedure and provides a higher margin of safety. A high Fio2 
may, however, cause absorption atelectasis and potentially fur-
ther increase the amount of shunt because of the collapsed alve-
oli. The use of an Fio2 <1 during OLV has the potential beneits of 
decreasing the risk of absorption atelectasis and, if N2O is used, 
may allow potent inhaled anesthetics to be used in lower concen-
trations. Some clinicians use an O2 80%/N2O 20% mixture as 
long that the SpO2 is maintained in a safe range. The rate of the 
lung collapse during OLV was addressed by Ko et al.81 They com-
pared the effects of three different gas mixtures (air/oxygen, Fio2 
0.4; N2O/O2, Fio2 0.4; and oxygen, Fio2 1) during OLV on lung 
collapse and oxygenation during subsequent OLV: They found 
that delation of the nonventilated lung during thoracic surgery 
was delayed if air was used as part of the anesthetic gas mixture 
during the initial period of OLV. For thoracic procedures in 

which delayed collapse of the nonventilated lung will impede sur-
gical exposure, the optimal anesthetic technique should include 
thorough denitrogenation of the lung by using Fio2 of 1.

Tidal volume and Respiratory Rate

It has been recommended that during OLV, the dependent lung 
be ventilated with a Vt of 10 to 12 mL/kg. Tidal volumes (Vts) 
ranging between 8 and 15 mL/kg produced no signiicant effect 
on transpulmonary shunt or Pao2.

82 A Vt <8 mL/kg can result in 
a decrease in FRC and enhanced formation of atelectasis in the 
dependent lung. A Vt >15 mL/kg may recruit the atelectatic alve-
oli in the dependent lung. It will increase the pulmonary vascular 
resistance of the dependent lung (similar to the application of 
PEEP) and divert blood low into the nondependent lung. It has 
been common practice during OLV to maintain the same Vt as 
during two-lung ventilation.

Recently, more attention has been directed toward protection 
of the ventilated lung with the use of smaller Vts to avoid ALI (see 
Chapter 55).83 This concept stimulated a debate over the optimal 
Vt that should be used during OLV. A recent pro and con editorial 
argued that a (large) Vt of 12 mL/kg during OLV may cause over-
distention and stretching of the lung parenchyma and therefore 
would increase the risk of ALI.84 However, a (small) Vt of 6 mL/kg 
could lead to atelectasis in the dependent lung. Furthermore, a 
small Vt with PEEP may cause dynamic hyperinlation secondary 
to the increase in respiratory rate necessary to maintain Paco2.

85

Mechanical ventilation practice has changed over the past few 
decades, with Vts decreasing signiicantly, especially in patients with 
ALI. The lungs of patients without ALI are still ventilated with large, 
and perhaps too large, Vts. Studies of ventilator-associated lung 
injury in subjects without ALI demonstrate inconsistent results. Ret-
rospective clinical studies, however, suggest that the use of large Vt 
favors the development of lung injury in these patients.86

In a multicenter, prospective ARDS Network trial, the results 
unambiguously conirmed that mechanical ventilation with smaller 

Conclusion of
surg ery

Univent
Bronchial
blocker

Double-lumen
tube

• Secretions
• Edema
• Hemoptysis

• Withdraw the
 blocker

• Pull the tip of
 the bronchial lumen
 above the carina

Pull out
• Difficult to ventilate
• DLT may dislocate
• Difficult to suction
• ICU staff experience

Not to change

“Direct vision”
• Tube exchanger
• Video largyngoscope

To change

SLT

FIgURE 37-18. Conclusion of the surgical 
procedure. See text for discussion. SLT, single-
lumen tube; DLT, double-lumen tube; ICU, 
intensive care unit.
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Vt (6 mL/kg) rather than traditional Vt (12 mL/kg) resulted in a 
signiicant increase in the number of ventilator-free days and 
reduction of inhospital mortality.87

While there is good evidence from studies in the ICU for a 
detrimental effect of high Vt and parenchymal overdistension, 
the data concerning lung injury during OLV is limited. Ventila-
tion strategies during OLV have been compared to ARDS, because 
both involve ventilation of a decreased lung capacity due to unre-
cruited alveoli, otherwise known as the concept of “baby lung.”88 
There is no evidence that these indings in patients with acute 
respiratory distress syndrome are applicable to patients undergo-
ing a thoracic procedure requiring a relatively short period of 
controlled ventilation.

In one study, patients undergoing elective thoracotomy or 
laparotomy were randomly assigned to receive either mechanical 
ventilation with Vt of 12 or 15 mL/kg, respectively, and without 
PEEP, or Vt of 6 mL/kg with PEEP of 10 cm H2O. In this study, 
neither time course nor concentrations of pulmonary or systemic 
inlammatory mediators (cytokines) differed between the two 
ventilatory settings within 3 hours.89

There are data indicating damaging effects of large Vt in 
patients who were ventilated for only several hours. In one study 
of patients undergoing pneumonectomy, 18% developed postop-
erative respiratory failure. The patients who developed respira-
tory failure had been ventilated with larger intraoperative Vt than 
those who did not (median, 8.3 vs. 6.7 mL/kg predicted body 
weight).90 However, the authors recommended that protective 
lung ventilation (PV) with low Vt 6 to 7 mL/kg, PEEP to the 
dependent lung, frequent recruitment maneuvers, and limited 
administration of luid be used during OLV.

In patients undergoing general anesthesia, lung recruitment 
maneuvers proved to be easy to perform and effective in reversing 
alveolar collapse, hypoxemia, and decreased compliance. The ben-
eicial effect of an alveolar recruitment strategy on arterial oxygen-
ation and respiratory compliance in anesthetized patients undergo-
ing nonthoracic surgery in the supine position has been 
demonstrated.91 Tusman et al.91 studied 10 patients undergoing open 
lobectomy who received lung recruitment maneuvers. This was done 
by increasing peak inspiratory pressure to 40 cm H2O, together with 
a PEEP of 20 cm H2O for 10 respiratory cycles. They found that alve-
olar recruitment in the dependent lung augments Pao2 values during 
OLV. It is important to apply the maneuvers over several minutes 
with a pressure of at least 20 cm H2O and a peak of 40 cm H2O.

Pressure-controlled ventilation (PCV) was also compared 
with volume-controlled ventilation (VCV) during OLV. The 
authors suggested that PCV may be preferred for management of 
OLV because the lower peak airway pressure was associated with 
greater perfusion of the dependent lung and smaller transpulmo-
nary shunt.92 A recent study investigated whether PCV results in 
improved arterial oxygenation compared with VCV during OLV. 
Fifty-eight patients with good preoperative pulmonary function 
scheduled for thoracic surgery were prospectively randomized 
into two groups. Those in group A underwent OLV initially with 
VCV for 30 minutes followed by PCV for a similar period of time. 
Those in group B underwent OLV initially with PCV for 30 min-
utes followed by VCV for a similar duration. Airway pressures 
and arterial blood gases were obtained during OLV at the end of 
each ventilatory mode period. The authors found no differences 
in arterial oxygenation during OLV between VCV (Pao2, 206.1 ± 
62.4 mm Hg) and PCV (Pao2, 202.1 ± 56.4 mm Hg; p = 0.534).93

Cruz Pardons et al.94 studied 110 patients scheduled for tho-
racic surgery requiring a minimum of 1 hour of OLV. The patients 
were randomized into two groups: VCV or PCV, both providing 
a Vt of 8 mL/kg. Measurements were taken intraoperatively and 
up to 24 hours postoperatively. There were no differences in the 

intra- or early postoperative arterial oxygenation, airway plateau 
pressure, and mean arterial pressure between groups, except for 
higher peak airway pressures in the VCV group. The respiratory 
rate should be adjusted to maintain a Paco2 of 35 ± 3 mm Hg. 
Elimination of CO2 is usually not a problem during OLV if the 
DLT is positioned correctly. The shunt during OLV has little 
inluence on Paco2 values because the arteriovenous PCO2 differ-
ence is normally only 6 mm Hg. Furthermore, CO2 is 20 times 
more diffusible than O2 and will be eliminated faster. It is also 
important not to hyperventilate the patient’s lungs because hypo-
capnia increases vascular resistance in the dependent lung, inhib-
its nondependent lung HPV, increases shunt, and decreases Pao2. 
Hypocarbia is believed to inhibit HPV secondary to a vasodilator 
effect. Because hypocarbia can only be achieved by hyperventilat-
ing the dependent lung, it raises the mean intra-alveolar pressure 
and therefore increases the vascular resistance in that lung.

Positive end-expiratory Pressure  
to the Dependent Lung

The beneicial effect of selective PEEP 10 cm H2O (PEEP10) to the 
dependent lung is caused by an increased lung volume at end expi-
ration (FRC), which improves the V

⋅
/Q

⋅
  relationship in the depen-

dent lung. The increase in FRC prevents airway and alveolar clo-
sure at end expiration. However, PEEP may lead to an increase in 
lung volume that could cause compression of the small interalveo-
lar vessels and increase pulmonary vascular resistance. If this 
increase in resistance is limited to the dependent lung, blood low 
can be diverted only to the nondependent (nonventilated) lung, 
increasing shunt fraction and further decreasing Pao2.

The possibility that the application of PEEP can improve Pao2 
in a diseased dependent lung (low lung volume and low V

⋅
/Q

⋅
  ratio) 

with a low Pao2 (<80 mm Hg) during OLV has been addressed by 
Cohen et al.95 They found that the application of PEEP10 during 
OLV in patients with a low Pao2 may increase FRC to normal val-
ues, resulting in a lower pulmonary vascular resistance and in an 
improved V

⋅
/Q

⋅
  ratio and Pao2. Presumably, patients with a higher 

Pao2 had a dependent lung with an adequate FRC, and the appli-
cation of PEEP had the negative effect of redistributing blood low 
away from the dependent ventilated lung (Fig. 37-19).

In summary, in most circumstances PEEP alone would not 
improve arterial oxygenation, unless it could increase FRC to 
normal values. Since PV with low Vt is the recommended mode of 
ventilation during OLV, it most likely would lead to formation 
of atelectasis. Therefore, combining low Vt with a small amount 
of PEEP (5 cm H2O) to protect from development of atlectasis is 
the currently recommended ventilatory strategy.

Continuous Positive airway Pressure  
to the nondependent Lung

The single most effective maneuver to increase Pao2 during OLV 
is the application of CPAP to the nondependent lung.96,97 A lower 
level of CPAP (5 to 10 cm H2O) maintains the patency of the non-
dependent lung alveoli, allowing some oxygen uptake to occur in 
the distended alveoli. CPAP should be applied after delivering an 
inspiratory Vt to the nondependent lung to keep it slightly 
expanded. CPAP, applied by insuflation of oxygen under posi-
tive pressure, keeps this lung “quiet” and prevents it from col-
lapsing completely. Insuflation of oxygen without maintaining a 
positive pressure failed to improve Pao2. Intermittent reinlation 
of the collapsed (nondependent) lung with oxygen also resulted 
in a signiicant improvement in Pao2.

98

tahir99-VRG & vip.persianss.ir



 CHaPTeR 37 Anesthesia for Thoracic Surgery 1053

A
N

E
S
T
H

E
S
IA

 F
O

R
 S

U
R

G
IC

A
L
 

S
U

B
S
P
E
C

IA
LT

IE
S

Unfortunately most thoracic procedures are initiated thoraco-
scopically, and the application of CPAP to the nondependent 
lung is generally not acceptable to most surgeons. During VAT, 
the lung should be well collapsed to allow the surgeon an optimal 
view of the surgical ield and to palpate the lesion in the lung 
parenchyma. In addition, it is dificult to place the stapler on a 
lung that is not completely collapsed, and there is an increase in 
incidence of postoperative air leak.

The beneicial effects of CPAP 10 cm H2O (CPAP10) are not 
attributable solely to the effect of positive pressure in diverting blood 
low away from the collapsed lung because (in dogs) the hyperinla-
tion of nitrogen into the nondependent lung under 10 cm H2O 
failed to improve Pao2.

The application of high-level CPAP (15 cm H2O) is not bene-
icial. At this pressure, the lung becomes overdistended, which 
interferes with surgical exposure. Also, this level of CPAP might 
have hemodynamic consequences, whereas CPAP10 has been 
shown to have no signiicant hemodynamic effects.99

CPAP can be applied to the nondependent lung using a number 
of simple systems, all of which have essentially the same features: 
An oxygen source, tubing to connect the oxygen source to the non-
ventilated lung, a pressure relief valve, and a pressure gauge. The 
catheter to the nondependent lung is usually insuflated with 5 L/
min of oxygen using a modiied Ayres T-piece (pediatric) circuit, 
and the valve on the expiratory limb is adjusted to the desired pres-
sure as read on the attached gauge. Instead of a pressure gauge or 
manometer inserted into the circuit, a weighted pop-off valve such 
as a ball or spring-loaded PEEP valve can be used. The amount of 
CPAP applied should be titrated to the clinical circumstances. In 
most cases, even low doses of CPAP may be suficient to increase 
the Pao2 to an accepted safe level. CPAP >10 cm H2O, is not benei-
cial because it creates an overdistention that interferes with surgical 
exposure and may have undesirable hemodynamic consequences.

High-frequency ventilation with oxygen to the nondependent 
lung and conventional ventilation (CV) to the dependent lung 

4

have also been used to improve Pao2 during OLV (see “High-
frequency Ventilation”).

Clinical approach to management  
of one-lung ventilation

Once the patient is in the lateral position, the position of the DLT 
should be rechecked. Two-lung ventilation should be maintained 
for as long as possible, and when OLV needs to be instituted, it is 
generally recommended that an Fio2 of 1 be used (Table 37-4). 
The lung should be ventilated using a Vt that results in a plateau 
airway pressure <25 cm H2O at a rate adjusted to maintain Paco2 
at 35 ± 3 mm Hg. This is usually monitored with the use of a cap-
nometer or other multigas analyzer. The following measures are 
recommended during OLV: use of  PV with low Vt 6 to 7 mL/kg, 
application of PEEP to the dependent lung, frequent recruitment 
maneuvers, and limiting the volume of luid administered.

After initiation of OLV, depending on the lung pathology 
and the intensity of HPV, Pao2 can continue to decrease for up to 
45 minutes. Frequent monitoring of arterial blood gases and use of 
a pulse oximeter continue throughout the operative period. It is 
also essential to work closely with the surgeon in case reinsuflation 
of the lung is necessary. If hypoxemia occurs during OLV, the posi-
tion of the DLT should be rechecked using a iberoptic broncho-
scope. If the dependent lung is not severely diseased, a satisfactory 
Pao2 on two-lung ventilation should not decrease to dangerously 
hypoxic levels on OLV. If a left thoracotomy is being performed 
using a right-sided DLT, ventilation to the right upper lobe should 
be ensured. After the tube position has been conirmed as correct, 
CPAP10 should be applied to the nondependent lung after a Vt that 
expands the lung. In most cases, the Pao2 increases to a safe level. 
During thoracoscopy, application of CPAP is usually not possible 
because it impedes the surgeon. This is especially so during video-
assisted thoracoscopic surgery (VATS) procedures. In this case, 
PEEP to the ventilated lung may be tried.

6

TAbLE 37-4.  CliniCal aPProaCh to one-

lung ventilation (olv) 

management

1. Use Fio2 of 1
2. Ventilate with a Vt of 6–8 mL/kg with PEEP 5 cm H2O
3. Respiratory rate to maintain Paco2 between 35 and 

40 mm Hg
4. Check the DLT/endobronchial blocker position 

subsequent to the lateral decubitus positioning
5. If peak airway pressure exceeds 40 cm H2O during OLV, 

DLT/endobronchial blocker malposition should be 
excluded

6. For hypoxemia, apply CPAP 10 cm H2O to the 
nondependent lung (not during VAT)

7. If additional correction of hypoxemia is necessary add 
PEEP 5–10 cm H2O to the ventilated lung

8. Frequent recruiting maneuvers
9. Avoid luid overload

10.  TIVA may be preferable to inhalation anesthetics
11.  If necessary, intermittently inlate and delate the 

operated lung

Vt, tidal volume; PEEP, positive end-expiratory pressure; DLT, double-lumen tube; 
CPAP, continuous positive airway pressure; VAT, video-assisted thoracoscopy; 
TIVA, total intravenous anesthetic.
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FIgURE 37-19. Effect of 10 cm H2O positive end-expiratory pressure 
(PEEP) on functional residual capacity (FRC). It is postulated that, in pa-
tients having PaO2 <80 mm Hg with zero end-expiratory pressure (ZEEP), 
FRC is low. PEEP10 increases FRC and thereby increases PaO2. OLV, one-
lung ventilation; PEEP10, positive end-expiratory pressure (10 cm H2O); 
RV, residual volume.

tahir99-VRG & vip.persianss.ir



1054 seCTion vii Anesthesia for Surgical Subspecialties

In the very rare case in which the Pao2 remains low despite 
these maneuvers, intermittent two-lung ventilation can be rein-
stituted with the surgeon’s cooperation. Also, depending on the 
stage of surgical dissection, if a pneumonectomy is being per-
formed, ligation of the pulmonary artery eliminates the shunt.

During OLV, the peak airway pressure, the actual Vt delivered 
(measured by a spirometer), the shape of the capnogram, and, if 
available, the pressure–volume loop, should be checked continu-
ously. A sudden increase in peak airway pressure may be second-
ary to tube dislocation because of surgical manipulation, result-
ing in impaired ventilation. In addition, the ability to auscultate 
by a stethoscope over the dependent lung is extremely important.

If there is any doubt about the stability of the patient, or if the 
patient becomes hypotensive, dusky, or tachycardic, two-lung 
ventilation should be resumed until the problem has been 
resolved. because of pericardial manipulation (during left thora-
cotomy in particular) and pulling on the great vessels, cardiac 
dysrhythmias and hypotension are not uncommon. Cardiotonic 
drugs should be prepared and kept available for use during any 
thoracic surgical procedure. Most thoracic surgical procedures 
represent only relative indications for OLV, and the beneits of 
OLV should always be weighed against the risks to the patient.

Attention should be directed toward the protection of the ven-
tilated lung. PV should be used with low Vt and the lowest peak 
airway pressure, an I:E ratio of 1:1, with high respiratory rate or 
using pressure control ventilation. Patients with COPD are of 
particular concern because the application of PEEP may cause 
dynamic hyperinlation secondary to the increase in respiratory 
rate to maintain Paco2.

Frequent recruiting maneuvers should be applied to reduce 
the amount of atelectasis in the dependent lung. They should be 
applied with a sustained peak pressure of 40 cm H2O to be effec-
tive. Fluid administration during the procedure must be limited 
to avoid luid overload that could increase pulmonary capillary 
permeability. The risk of ALI and luid overload increases in pro-
portion to the amount of lung parenchyma resected.100–102

A balanced anesthetic technique using inhalational agents 
with low rates of propofol infusion alone or in combination with 
remifentanil is the technique of choice during OLV. It would have 
the least inhibitory effect on HPV and decrease the transpulmo-
nary shunt through the nonventilated lung. A recent review by 
Karzai et al.103 addressed the prediction, prevention, and treat-
ment of hypoxemia during OLV.

A study by Yang et al.104 compared PV with CV in two groups of 
50 patients each undergoing OLV. Conventional strategy consisted 
of Fio2 1, VT 10 mL/kg, zero end-expiratory pressure (ZEEP), and 
VCV; the protective strategy consisted of Fio2 0.5, VT 6 mL/kg, 
PEEP 5 cm H2O, and PCV. During OLV, although 58% of the PV 
group needed an increased Fio2 to maintain an Spo2 >95%, peak 
airway pressure was signiicantly lower than in the CV group, 
whereas the mean Paco2 values remained at 35 to 40 mm Hg in 
both groups. Importantly, in the PV group, the incidence of the 
primary end point of pulmonary dysfunction was signiicantly 
lower than in the CV group (incidence of Pao2/Fio2 <300 mm Hg, 
lung iniltration, or atelectasis: 4% vs. 22%).

CHOICE OF ANESTHESIA FOR 

THORACIC SURgERY

The choice of anesthesia technique for a thoracic surgical proce-
dure must take into account the patient’s cardiovascular and 
respiratory status and the particular effects of anesthetic drugs on 
these and other organ systems. Thoracic surgical patients are 
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more likely than others to have increased airway reactivity and a 
propensity to develop bronchoconstriction. This is because many 
of these patients are cigarette smokers and have chronic bronchitis 
or COPD. In addition, surgical manipulation of the airways and 
bronchial tree by instruments, a DLT, or the surgeon makes 
bronchoconstriction more likely to occur. The potent inhaled 
anesthetic agents have all been shown to decrease airway reactivity 
and bronchoconstriction provoked by hypocapnia or inhaled or 
irritant aerosols. Their mechanism of action is probably a direct 
one on the airway musculature itself, and potent inhaled anes-
thetic agents are therefore the drugs of choice in patients with 
reactive airways. For an inhalation induction, halothane or sevo-
lurane might be preferable because they are the least pungent of 
the three drugs, although once the patient is asleep, isolurane may 
be the preferred drug because it raises the cardiac dysrhythmia 
threshold and provides greater cardiovascular stability than halo-
thane (see Chapter 17). Fentanyl does not appear to inluence 
bronchomotor tone, but morphine may increase tone by a central 
vagotonic effect and by releasing histamine.

In most patients, anesthesia is safely induced with propofol or 
etomidate (since thiopental is no longer available in the United 
States). In patients with reactive airways, ketamine may be the 
drug of choice for induction because it has a bronchodilator 
effect and has been successfully used in the treatment of asthma. 
Shimizu et al.105 compared the effects of isolurane and sevolu-
rane on Pao2 during OLV in 20 patients undergoing thoracotomy 
and found no signiicant difference between the groups in Pao2, 
concluding that both agents can be used safely. In an in vitro 
study, Loer et al.106 showed that deslurane inhibits HPV, with an 
ED50 of 1.6 minimum alveolar concentration (MAC). Propofol 
infused in doses of 6 to 12 mg/kg/hr does not abolish HPV during 
OLV in humans.107 Propofol infusion in combination with remi-
fentanil is probably the technique of choice for producing a stable 
OLV with no effect on HPV. Propofol is widely used during OLV 
and has been investigated in terms of its effect on oxygenation. 
Kellow et al.108 compared the effects of propofol and isolurane 
anesthesia on right ventricular function and shunt fraction dur-
ing thoracic surgery and found that isolurane, but not propofol, 
was associated with an increase in shunt fraction due to HPV 
inhibition. However, propofol was associated with a reduction in 
cardiac index and right ventricular ejection fraction.

In deciding between intravenous versus potent inhaled agent 
for anesthesia during OLV, consideration should be given to their 
effects on inlammatory alterations in the delated lung. Studies 
have shown that ventilation with increased Vts and pressures can 
produce a proinlammatory reaction (e.g., tumor necrosis factor, 
interleukins) in the nondelated, ventilated lung.109 De Conno 
et al. studied the effect on the pulmonary inlammatory response 
in the nonventilated lung before and after OLV in 54 adult 
patients undergoing thoracic surgery, and assessed if there were any 
immunomodulatory effects of propofol and sevolurane. The results 
suggested an immunomodulatory role for sevolurane. Compared 
with propofol there was a signiicant reduction in inlammatory 
mediators and a signiicantly better clinical outcome deined by 
postoperative adverse events with sevolurane.110 A subsequent 
study compared the effects of deslurane, sevolurane, and propofol 
on pulmonary and systemic inlammation in 63 patients undergo-
ing open thoracic surgery. The investigators found that OLV 
increases the alveolar concentrations of proinlammatory media-
tors in the ventilated lung and that deslurane and sevolurane 
suppress the local alveolar, but not the systemic, inlammatory 
responses to OLV and thoracic surgery.111

The neuromuscular blocking drugs of choice for thoracic pro-
cedures are those that lack a histamine-releasing or vagotonic effect 
and that have some sympathomimetic effect (see Chapter 20). In 
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this respect, pancuronium, vecuronium, rocuronium, and cisatra-
curium probably represent the drugs of choice. Succinylcholine is 
useful to provide rapid profound relaxation for intubation of the 
trachea and is not associated with an increase in airway reactivity.

Atropine or glycopyrrolate may be used to block the musca-
rinic effects of acetylcholine and thereby protect against choliner-
gically induced bronchoconstriction. It may be administered 
intravenously or in nebulized form (see Chapter 15).

HYpOxIC pULMONARY 

VASOCONSTRICTION

HPV was irst described by Von Euler and Liljestrand in 1946.112 
They were studying changes in the pulmonary circulation of the 
cat in response to changes in inspired gas mixtures and found that 
10.5% inspired O2 (in N2) mixtures caused an increase in pulmo-
nary artery pressure. Breathing 100% O2 caused a decrease in 
pulmonary artery pressure. They concluded that the increased 
pressure during hypoxia was caused by a direct effect on the pul-
monary vessels. Whereas they delivered hypoxic gas mixtures to 
both lungs, others have studied the effects of the size of the 
hypoxic segment and the size of the hypoxic stimulus on perfu-
sion pressure and on low diversion.113 Pulmonary perfusion 
pressure (in dogs) increased with the size of the hypoxic seg-
ment from zero (smallest hypoxic segment) to approximately 
2.2 times baseline for the hypoxic whole lung. Flow diversion, as 
a percentage of low to the test segment under normoxic condi-
tions, decreased with increasing size of the hypoxic test segment 
from a maximum of 75% for very small segments to zero when 
the whole lung was made hypoxic. Flow diversion increased lin-
early as Pao2 was decreased over the range of 128 to 28 mm Hg. In 
both low diversion and changes in perfusion pressure, the 
response to HPV was predictable, continuous, and maximal at a 
predicted Pao2 of 30 mm Hg (4% oxygen). Thus, HPV causes an 
increase in both perfusion (pulmonary artery) pressure and 
low diversion.

The choice of anesthetic technique for OLV must take into 
consideration the effects on oxygenation and therefore on HPV. 

Normally, collapse of the nonventilated, nondependent lung 
results in activation of relex HPV in this lung. This causes local 
increases in pulmonary vascular resistance and diversion of blood 
low to other, better oxygenated parts of the pulmonary vascular 
bed (i.e., the dependent oxygenated and ventilated lung).

The relationship between Pao2 and the size of the hypoxic seg-
ment (Fig. 37-20) shows that, when not much of the lung is hypoxic, 
HPV has little effect on Pao2 because shunt is small in this situa-
tion. When most of the lung is hypoxic, there is no signiicant 
normoxic region to which the hypoxic region can divert low, and 
then it does not matter, in terms of Pao2, whether the hypoxic 
region has active HPV. When the amount of lung made hypoxic is 
30% to 70%, such as occurs during OLV, there may be a large dif-
ference between the Pao2 to be expected with normal HPV com-
pared with that expected in its absence. HPV can raise Pao2 from 
potentially dangerous levels to higher and safer ones. Conversely, 
inhibition of HPV may cause or contribute to hypoxemia during 
anesthesia.

The response is believed to be accounted for by each smooth 
muscle cell in the pulmonary arterial wall responding to the 
oxygen tension in its vicinity. The mechanism of HPV has been 
the subject of many studies and the current status (the Redox 
Theory) is summarized in some excellent reviews.114–116

effects of anesthetics on Hypoxic  
Pulmonary vasoconstriction

The inhalation anesthetics and many of the intravenous drugs 
used in anesthesia have been studied for their effects on HPV. The 
results have not always been consistent. Benumof117 classiied the 
preparations used to study these effects as in vitro, in vivo nonin-
tact, in vivo intact, and human studies. On the basis of the results 
of these three types of preparation, it is generally believed that 
inhaled agents inhibit HPV, whereas intravenous drugs do not 
have this effect.118 Studies of the effects of anesthetics and other 
drugs in HPV in humans are dificult since during a surgical pro-
cedure and there are many confounding variables, in particular 
the effects of inhaled agents on hemodynamics, for which to 
account.119–121 Clinical studies therefore often fail to show a 
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soconstriction (HPV) in preserving PaO2 (in dogs). 
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lated with FIO2 = 1, while increasing portions of 
lung are subjected to hypoxia or atelectasis. In 
the absence of HPV, the expected PaO2 would 
follow the blue line, whereas in the presence of 
an active HPV response, observed PaO2 is main-
tained close to the red line. PAO2, alveolar PO2; 
PaO2, arterial PO2. (Adapted from: Marshall BE, 
Marshall C, Benumof JL, et al. Hypoxic pulmo-
nary vasoconstriction in dogs: Effects of lung 
segment size and alveolar oxygen tension. J 
Appl Physiol. 1981;51:1543, with permission.)
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difference between inhaled and intravenous agents. For example, 
studies have shown no clinical difference in PaO2 and shunt 
between OLV patients anesthetized using propofol or sevolu-
rane,122 or propofol versus isolurane.123 Another study108 reported 
inding a larger shunt with isolurane. A study comparing sevolu-
rane with propofol, both titrated to a BIS reading of 40 to 60, found 
no difference in effect on oxygenation.124

Beck et al.122 studied 40 patients requiring OLV randomized 
to receive propofol (4 to 6 mg/kg/hr) or sevolurane (1 MAC) for 
anesthesia maintenance. During OLV shunt fraction increased 
in both groups, but there was no signiicant difference between 
groups. It was concluded that inhibition of HPV by sevolurane 
may only account for small increases in shunt fractions and 
that much of the overall shunt fraction during OLV has other 
causes.

Overall, the potent inhaled anesthetics are the drugs of choice 
during thoracic surgery. However, the technique chosen should 
always be dictated by the needs of the particular patient, so in 
the presence of cardiovascular instability or poor oxygenation 
when depression of HPV is a possibility, a balanced technique 
may be chosen.

other Determinants of Hypoxic  
Pulmonary vasoconstriction

Aside from potent inhaled agents, other drugs and maneuvers 
used during anesthesia may also have an inhibitory effect on 
regional or whole-lung HPV. Factors associated with an increase 
in pulmonary artery pressure antagonize the effect of increased 
resistance caused by HPV and result in increased low to the 
hypoxic region. Such indirect inhibitors of HPV include mitral 
stenosis, volume overload, thromboembolism, hypothermia, 
vasoconstrictor drugs, and a large hypoxic lung segment. Direct 
inhibitors of HPV include infection, vasodilator drugs such as 
nitroglycerin and nitroprusside, hypocarbia, and metabolic alka-
lemia. All these potential inhibitors should be considered when 
evaluating a patient for hypoxemia during thoracic surgery.125

Potentiators of Hypoxic  
Pulmonary vasoconstriction

Whereas in the past most research effort has been directed to 
studying inhibition of HPV, more recent research has investi-
gated substances that may potentiate it. Almitrine, a respiratory 
stimulant drug, has been found to improve Pao2 in patients 
with COPD and to have this effect in the absence of ventilatory 
stimulation.

nitric oxide and one-lung ventilation

Nitric oxide is an endothelial-derived relaxing factor that is an 
important mediator for smooth muscle relaxation. HPV is inhib-
ited by inhaled nitric oxide. Inhibition of nitric oxide synthase 
improved, but did not completely restore HPV in dogs suffering 
from sepsis.126 Frostell et al.127 showed that inhalation of nitric 
oxide selectively induced vasodilation and reversed HPV in healthy 
humans without causing systemic vasodilatation. It was theorized 
that intravenous administration of almitrine (to increase HPV) 
causing vasoconstriction throughout the lung, together with inha-
lation of nitric oxide to inhibit HPV locally and cause increased 
low in the ventilated regions, would improve V

⋅
/Q

⋅
  matching and 

Pao2 in patients with V
⋅
/Q

⋅
  mismatching or during OLV.128

Moutais et al.129 studied the effects of inhaled nitric oxide in 
combination with almitrine infusion during OLV in 40 patients 
undergoing thoracoscopic procedures. They found that inhaled 
nitric oxide alone did not affect Pao2 during OLV, but the addi-
tional infusion of almitrine 16 mg/kg/min caused a marked 
increase in Pao2. These authors suggested that this nonventilatory 
technique should be of value during special thoracic procedures, 
such as thoracoscopy, where there is a need to manipulate the 
pulmonary circulation to improve Pao2 but measures such as 
PEEP and CPAP cannot be used. Moutais et al.130 also reported 
the use of almitrine infusion/nitric oxide inhalation to improve 
Pao2 during OLV for bronchopulmonary lavage.

Although the use of almitrine appears to be attractive, this 
drug is not without side effects.131 Also, the manufacturer has not 
made it available outside France. Phenylephrine could be a pos-
sible alternative to almitrine.132

ANESTHESIA FOR DIAgNOSTIC 

pROCEDURES

Bronchoscopy

Early bronchoscopes were of the rigid type, but in 1966 the 
Machida and Olympus Companies introduced the irst practical 
bronchoiberscopes. Since then, they have been improved dramat-
ically and have simpliied many otherwise complicated bronchos-
copies. The indications for bronchoscopy are shown in Table 37-5 
and the instruments of choice in Table 37-6. Operator preferences 
and experience may play a major role in the choice of instrument.

Before bronchoscopy is performed, the patient must be evaluated 
for chronic lung disease, respiratory obstruction, bronchospasm, 
coughing, hemoptysis, and infectivity of secretions. Medications 
should be reviewed, and the need for a more major procedure 
should always be anticipated. Thus bronchoscopy may lead to 

5

TAbLE 37-5.  indiCations for 

bronChosCoPy

Diagnostic Therapeutic

Cough
Hemoptysis
Wheeze
Atelectasis
Unresolved pneumonia
Diffuse lung disease
Preoperative evaluation
Rule out metastases
Abnormal chest radiograph
Assess local disease recurrence
Recurrent laryngeal nerve palsy
Diaphragm paralysis
Acute inhalation injury
Exclude tracheoesophageal istula
During mechanical ventilation
Selective bronchography

Foreign bodies
Accumulated secretions
Atelectasis
Aspiration
Lung abscess
Reposition endotracheal 

tubes
Placement of 

endobronchial tubes
Laser surgery of the 

airway

Adapted from: Landa JF. Indications for bronchoscopy. Chest. 1978;73(suppl):686, 
with permission.
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thoracotomy or sternotomy. The planned technique for bron-
choscopy should be discussed with the surgeon before the opera-
tion, and all equipment and connectors should be checked for 
compatibility. Monitoring during bronchoscopy should include an 
electrocardiogram, a blood pressure cuff, a precordial stethoscope, 
and a pulse oximeter. If thoracotomy is planned, an arterial can-
nula should also be placed, as well as other monitors (e.g., PA or 
CVP catheters) that may be indicated by the patient’s condition. 
Many anesthetic techniques are useful for bronchoscopy.

Local anesthesia

The patient should irst be pretreated with a drying agent. The 
local anesthetics most commonly used are lidocaine and tetra-
caine. In all cases, the total dose of anesthetic must be considered 
and the potential for toxicity recognized. A nebulizer can be used 
to spray the oropharynx and base of the tongue, or the patient 
may gargle with viscous (2%) lidocaine. The tongue is then held 
forward, and pledgets soaked in local anesthetic are held in each 
piriform fossa using Krause forceps to achieve block of the inter-
nal branch of the superior laryngeal nerve (see Chapter 21). Tra-
cheal anesthesia is achieved by a transtracheal injection of local 
anesthetic, or by spraying the vocal cords and trachea under 
direct vision using a laryngoscope or through the suction channel 
of the bronchoiberscope. Alternatively, a superior laryngeal 
nerve block can be performed by an external approach, and a 
glossopharyngeal block can be used to depress the gag relex. 
These blocks cause depression of airway relexes, so patients must 
be kept on nothing by mouth status for several hours after the 
examination. If iberoptic bronchoscopy is to be performed 
transnasally, the nasal mucosa should be pretreated topically with 
4% cocaine, or viscous lidocaine may be administered through 
the nares. Local anesthesia for bronchoscopy has the advantages 
of a patient who is awake, cooperative, and breathing spontane-
ously. Sedatives may be added to make the patient more comfort-
able. Disadvantages of local anesthesia include poor tolerance of 
any bleeding by the patient and the occasional lack of patient 
cooperation.

General anesthesia

General anesthesia for bronchoscopy is often combined with topical 
laryngeal anesthesia so less general anesthesia is needed. A balanced 
technique uses N2O/O2, incremental doses of an intravenous drug 
such as propofol, an opioid, and a neuromuscular blocking drug. A 
potent inhalational anesthesia technique is also satisfactory. Alterna-
tively, an intravenous-based technique may be used to avoid con-
tamination of the OR atmosphere by potent inhaled agents. If 
desired, limited scavenging of waste gases may be achieved by plac-
ing a suction catheter in the patient’s oropharynx. Unless there is 
some contraindication, ventilation of the lungs is usually controlled. 
In any patient undergoing a thoracic diagnostic procedure for a sus-
pected malignancy, the possibility of the myasthenic syndrome with 
sensitivity to nondepolarizing muscle relaxants must always be con-
sidered. The doses of neuromuscular blocking drugs should be 
titrated to effect using a neuromuscular monitoring system.

Rigid Bronchoscopy

A modern rigid ventilating bronchoscope is essentially a hollow 
tube with a blunted, beveled tip. Various sizes and designs are 
available; however, in all of them, a side arm is provided for con-
nection to an anesthesia source. A number of techniques have 
been described for maintaining ventilation and oxygenation dur-
ing rigid bronchoscopic examination.

apneic oxygenation. After preoxygenation and induction of 
general anesthesia, skeletal muscle paralysis and cessation of 
intermittent positive-pressure ventilation, the Paco2 increases. 
During the irst minute, the increase is approximately 6 mm Hg. 
Subsequently, the average rate of increase is 3 mm Hg/min. Oxygen 
is insuflated at 10 to 15 L/min through a small catheter placed 
above the carina. The apneic period should be kept to the mini-
mum necessary, particularly in high-risk patients, because the 
technique is limited by buildup of CO2, respiratory acidosis, and 
cardiac dysrhythmias.

apnea and intermittent ventilation. Oxygen and anesthesia gases 
are delivered to the bronchoscope via the anesthesia circuit. Ventila-
tion is possible only when the eyepiece is in place, which limits the 
period for instrumentation by the surgeon. Intermittent ventilation 
of the lungs is achieved by squeezing the reservoir bag. In this way, 
assuming a good bronchoscope it in the airway, compliance is con-
stantly monitored, the risk of barotrauma is reduced, and Vt may be 
estimated. The disadvantage of this technique is that there may be a 
leak around the bronchoscope, which could lead to hypoventilation 
and hypercarbia. Packing of the oropharynx can reduce the leak, and 
improve ventilation in the case of such a gas leak.

sanders injection system. Oxygen from a high-pressure 
source (50 psig) is delivered, using a controllable pressure-reducing 
valve and toggle switch, to a 2.5- to 3.5-cm 18- or 16-gauge needle 
inside and parallel to the long axis of the bronchoscope. When the 
toggle switch is depressed, the jet of oxygen entering the broncho-
scope entrains room air, and the air–oxygen mixture resulting at 
the distal tip of the bronchoscope emerges at a pressure to pro-
vide adequate ventilation and oxygenation. The intraluminal tra-
cheal pressure depends on the driving pressure from the reducing 
valve, the size of the needle jet, the length, internal diameter, and 
design of the bronchoscope. Increasing the size of the needle jet 
increases the total gas low for any given driving pressure. For 
each combination of gas-driving pressure, jet oriice, and bron-
choscope diameter, only one inlation pressure can be attained, 
regardless of the volume or compliance of the lung. As long as the 
proximal end of the bronchoscope is open, the system is strictly 
pressure limited, and the pressure does not increase because of 
obstruction at the distal end. Pressure varies inversely with the 
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TAbLE 37-6.  instruments of ChoiCe 

for bronChosCoPy

Rigid

Foreign bodies
Massive hemoptysis
Vascular tumors
Small children
Endobronchial resections

Fiberoptic/Flexible

Mechanical problems of neck
Upper lobe and peripheral lesions
Limited hemoptysis
During mechanical ventilation
Pneumonia, for selective cultures
Positioning of double-lumen tubes
Dificult intubation
Checking position of endotracheal tube
Bronchial blockade

Adapted from: Landa JF. Indication for bronchoscopy. Chest. 1978;73(suppl):686, 
with permission.
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cross-sectional area of the bronchoscope, so insertion of a suction 
catheter or biopsy forceps into the lumen causes the intratracheal 
pressure to increase. Provided there is not a tight it between the 
bronchoscope and the airway, the risk of barotrauma is low. If the 
it is tight, driving pressure should be decreased.

The advantages of the Sanders system are that because continu-
ous ventilation is possible (because the presence of an eyepiece is not 
necessary for ventilation of the lungs), the duration of the bronchos-
copy procedure is minimized, but the eficiency also permits 
extended bronchoscopy. A disadvantage is that entrainment of air 
by the oxygen jet results in a variable Fio2 at the distal end of the 
bronchoscope, ventilation of the lungs may be inadequate if compli-
ance is poor, and adequacy of ventilation may be dificult to assess.

mechanical ventilator. Ventilation of the lungs may be 
achieved by connecting a mechanical ventilator to an anesthesia 
circuit that is connected to the bronchoscope side arm. One dis-
advantage of this ventilation technique is the presence of a leak of 
anesthesia gases, and consequentially, light anesthesia.

high-frequency Positive-Pressure ventilation. HFPPV has 
been used in conjunction with rigid bronchoscopy and has been 
compared with the Sanders injector in patients with tracheobron-
chial stenosis. With HFPPV of up to 150 breaths/min, blood gases 
were identical with both techniques. At a frequency of 500 breaths/ 
min, oxygenation deteriorated and CO2 was not removed effec-
tively. HFPPV has the advantage that the tracheobronchial wall 
remains immobilized during ventilation.

fiberoptic Bronchoscopy

New generations of iberscopes, with their improved optics and 
smaller diameters, have revolutionized bronchoscopy. The lexi-
bility has also been applied in preoperative assessment of the air-
way, management of dificult tracheal intubations, endotracheal 
tube positioning and change, bronchial toilet, correct positioning 
of DLTs, bronchial blockade, and evaluation of the larynx and 
trachea. Nasal iberoptic bronchoscopy under topical anesthesia 
is well tolerated by most awake patients. The administration of an 
antisialagogue such as glycopyrrolate is useful in reducing secre-
tions. Oral insertion is also possible in both awake and asleep 
patients and should be performed with a bite block in place to 
prevent damage to the bronchoscope.

Physiologic Changes associated with fiberoptic bronchos-
copy. In all patients, insertion of the iberoptic bronchoscope is 
associated with hypoxemia. The average decline in Pao2 is 20 mm 
Hg and lasts for 1 to 4 hours after the procedure. By 24 hours, the 
blood gas tensions are usually back to normal. It is therefore rec-
ommended that if the initial Pao2 is 70 mm Hg (Fio2 = 0.21), 
bronchoscopy should be performed only with the administration 
of supplemental oxygen. This can be provided using mouth-held 
nasal prongs, a special face mask with a diaphragm through which 
the iberscope can be passed, or an endotracheal tube with a 
T-piece diaphragm adapter.

During and after iberoptic bronchoscopy, patients experience 
increased airway obstruction. Thus in 35 patients, insertion of the 
bronchoscope was associated with an increase in FRC (17% to 
30%) and decreases in Pao2, vital capacity, FEV1, and forced 
inspiratory low.133 All returned to baseline by 24 hours. These 
changes are believed to be secondary to direct mechanical activa-
tion of irritative relexes in the airway and, possibly, to mucosal 
edema. They may be avoided if atropine, either intramuscular or 
aerosolized into the airway, is administered before the procedure.

The standard adult iberoptic bronchoscope has an external 
diameter of 5.7 mm and a 2-mm diameter suction channel. If suc-
tion at 1 atm is applied to the iberscope, air is removed at a rate 
of 14 L/min. If the iberscope is in the airway, this causes decreases 
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in Fio2, Pao2, and FRC, leading to decreased Pao2. Suctioning 
should therefore be kept brief. The adult iberscope can be passed 
through endotracheal tubes of 7 mm or greater internal diameter. 
Clearly, passage through an endotracheal tube decreases the 
cross-sectional area available for ventilating the patient, so if 
ibroscopy is planned, an endotracheal tube of the largest possible 
diameter should be used.

Insertion of the bronchoscope also causes a signiicant PEEP 
effect that may result in barotrauma in ventilated patients. If PEEP 
is already being used, it should be discontinued before passage of 
the iberscope. A postendoscopy chest radiograph is advisable to 
exclude the presence of mediastinal emphysema or pneumotho-
rax. In patients whose tracheas are intubated with endotracheal 
tubes of <8 mm internal diameter, use of pediatric iberscopes, 
which have smaller diameters, would be more appropriate.

The suction channel of the adult iberoptic bronchoscope has 
been used to oxygenate and ventilate the lungs of patients. By 
attaching a jet ventilation system (similar to that used to drive the 
Sanders injector for rigid bronchoscopy) to the suction connec-
tion at the head of a iberoptic bronchoscope, successful ventila-
tion of the lungs of patients undergoing gynecologic procedures 
was achieved.134 A driving pressure of 50 psig of oxygen was used 
with a ventilatory rate of 18 to 20 breaths/min. This technique 
permitted adequate ventilation of patients with normally compli-
ant lungs and chest walls. Ventilation of the lungs should be per-
formed only with the tip of the instrument in the trachea because 
a more peripheral location may produce barotrauma.

Neodymium-yttrium-aluminum garnet (Nd-YAG) lasers are 
used for the resection of obstructing and endobronchial lesions 
(see Chapter 47). This procedure is performed under general 
anesthesia. The lasers may be introduced into the bronchial tree 
through a iberoptic bundle passed via the suction port of the iber-
optic bronchoscope. During laser resection, Fio2 should be kept to 
a minimum and titrated against oxygen saturation (as continu-
ously monitored by pulse oximeter) to make endotracheal ire 
less likely (see Chapter 8). Laser therapy of bronchial tumors is 
also possible using a rigid bronchoscope. HFPPV through a rigid 
bronchoscope provides satisfactory operating conditions for laser 
resection of tracheal tumors and has the advantage of producing 
airway immobility.

Complications of Bronchoscopy

Complications of rigid bronchoscopy include mechanical trauma 
to the teeth, hemorrhage, bronchospasm, loss of a sponge, bron-
chial or tracheal perforation, subglottic edema, and barotrauma. 
The incidence of complications is much lower with iberoptic 
bronchoscopy. Nevertheless, complications may arise owing to 
overdose with topical anesthetic, insertion trauma, local trauma, 
hemorrhage, upper airway obstruction related to passage of the 
instrument through an area of tracheal stenosis, hypoxemia, and 
bronchospasm. In most cases, it is best to intubate the trachea with 
an endotracheal tube after bronchoscopy under general anesthesia. 
This permits avoidance or treatment of some of these problems, 
particularly the increased airway irritability. Intubation also facili-
tates effective suctioning of the trachea and bronchi, and allows the 
patient to recover more gradually from general anesthesia.

DIAgNOSTIC pROCEDURES FOR 

MEDIASTINAL MASS 

Patients with an anterior mediastinal mass may present a special 
problem for the anesthesiologist. Although such masses may 
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cause obvious superior vena cava obstruction, they may also 
cause obstruction of major airways and cardiac compression, 
which are less obvious and may become apparent only on induc-
tion of anesthesia. Many cases of anesthetic-related airway com-
pression from anterior mediastinal mass have been reported. In 
one case, total occlusion of the trachea starting 2 to 3 cm above 
the carina and extending to both main stem bronchi was observed, 
and a bronchoscope was passed through the obstruction.135 In the 
second case of this report, extrinsic compression of the left main 
stem bronchus occurred on inspiration during recovery from 
anesthesia. In the third case, low–volume studies were performed 
with the patient in the upright and supine positions, with marked 
reductions in FEV1 and peak expiratory low in the latter position. 
These indings suggested potential obstruction with onset of anes-
thesia; radiation therapy to the mediastinum was commenced, 
after which the low–volume studies showed improved function. 
The planned surgical procedure was then performed under local 
anesthesia. In a subsequent series of 105 patients with mediastinal 
masses, the incidence of intraoperative cardiorespiratory complica-
tions was 38%, and the incidence of postoperative respiratory com-
plications was 11%.136 No cases of airway collapse were reported 
during anesthesia. In this series, patients were at increased risk of 
complications if there were preoperative cardiorespiratory signs 
and symptoms, obstructive and restrictive dysfunction on pulmo-
nary function tests, and >50% tracheal compression on CT scan. In 
another series of patients with mediastinal mass, four patients had 
abnormal spirometry but underwent general anesthesia without 
sequelae.137 In severe cases of airway compression, the femoral ves-
sels should be cannulated prior to induction of anesthesia so that if 
the airway is lost completely cardiopulmonary bypass can be insti-
tuted immediately.138

The mass may be sensitive to radiation therapy, which could 
shrink the tumor and make an induction of general anesthesia less 
hazardous. However, a serious potential disadvantage of preopera-
tive radiation therapy is that it may affect tissue histologic appear-
ance, thereby preventing an accurate diagnosis. Furthermore, if the 
patient is a child, it may be dificult to obtain tissue samples under 
local anesthesia. No fatalities occurred in a series of 44 patients aged 
18 years of age or younger with anterior mediastinal masses who 
underwent general anesthesia before radiation or chemotherapy. 
However, seven patients did have airway compromise.139 In another 
report in a series of children, it was found to be safe to induce general 
anesthesia if the CT scan revealed that the tracheal cross-sectional 
area and peak expiratory low rates were at least 50% of predicted.140 
Airway obstruction caused by an anterior mediastinal mass has 
been attributed to changes in lung and chest wall mechanics associ-
ated with changes in position or to onset of paralysis in muscles 
that previously maintained airway patency. Preoperative evalua-
tion of a patient with an anterior mediastinal mass to avoid life-
threatening total airway obstruction is shown in Figure 37-21. It is 
important to determine in the history if the patient has dyspnea in 
the supine position and to examine the CT scan to determine the 
extent of the tumor and its effect on surrounding structures. If such 
obstruction occurs, it may be relieved by passage of a rigid bron-
choscope or anode tube past the obstruction, by direct laryngos-
copy,141 or by changing the position of the patient.

Airway collapse and inability to ventilate has been reported in 
a previously asymptomatic patient with a mediastinal mass despite 
spontaneous ventilation with an inhaled anesthetic and an endo-
tracheal tube.142 This resulted in sudden cardiopulmonary collapse. 
Positive-pressure ventilation was impossible, a rigid bronchoscopy 
was requested and the surgeons began to prepare femoral vessel 
access for emergent cardiopulmonary bypass. Fortunately the air-
way patency was re-established when the patient’s spontaneous 
respiratory efforts improved as he awoke from general anesthesia. 

The authors emphasize the need for immediate availability of a 
rigid bronchoscope and that if a patient is at high risk, then seri-
ous consideration should be given to insertion of the femoral can-
nulas with cardiopulmonary bypass standing by before general 
anesthesia is induced. Cardiopulmonary bypass is not a suitable 
rescue modality unless the cannulae have been placed before 
induction because in the time required to achieve cannulation 
severe neurologic damage is likely to occur.143

In a situation in which the biopsy procedure cannot be per-
formed under local anesthesia and there is concern that muscle 
paralysis may result in airway compression, iberoptic intubation 
of the awake patient followed by general anesthesia with sponta-
neous ventilation has been described. Thus during spontaneous 

Anterior mediastinal
mass on chest x-ray

Dyspnea ± positional
intolerance
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Local
anesthesia

for
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Radiosensitive
or

chemosensitive
tumor

General anesthesia
awake fiberoptic
bronchoscopy

standby
cardiopulmonary
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spontaneous ventilation
avoid muscle relaxant
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FIgURE 37-21. Flow chart describing the preoperative evaluation of the 
patient with an anterior mediastinal mass. + indicates positive finding; − 
indicates negative workup. (Reprinted from: Neuman GG, Weingarten 
AE, Abramowitz RM, et al. Anesthetic management of the patient 
with an anterior mediastinal mass. Anesthesiology. 1984;60:144, with 
permission.)
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inspiration, the normal transpulmonary pressure gradient dis-
tends the airways and helps maintain their patency, even in the 
presence of extrinsic compression.

mediastinoscopy

Mediastinoscopy was introduced as a means of assessing spread of 
bronchial carcinoma. The lymphatics of the lung drain irst to the 
subcarinal and paratracheal areas, and then to the sides of the tra-
chea, the supraclavicular areas, and the thoracic duct. Examination 
of these nodes has provided a tissue diagnosis and greater selectivity 
of patients for thoracotomy. It is most useful in right lung tumors 
because left lung cancers tend to spread to subaortic nodes that are 
more accessible by an anterior mediastinoscopy in the second or 
third interspace (Chamberlain procedure). The transcervical 
approach to the thymus is an adaptation of mediastinoscopy.

The anesthetic considerations for mediastinoscopy follow nat-
urally from an understanding of the anatomy of this procedure 
and its potential complications. For cervical mediastinoscopy, the 
patient is placed in a reverse Trendelenburg (i.e., head-up) posi-
tion, and the mediastinoscope is inserted into the superior medi-
astinum through a transverse incision just above the suprasternal 
notch. The instrument is advanced along the anterior aspect of the 
trachea and passes behind the innominate vessels and the aortic 
arch (Fig. 37-22). The left recurrent laryngeal nerve is vulnerable 
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as it loops around the aortic arch, and any of these structures may 
be traumatized. Because of scarring, previous mediastinoscopy 
may be considered a contraindication to a repeat examination. 
Relative contraindications include superior vena cava obstruction, 
tracheal deviation, and aneurysm of the thoracic aorta.

Preoperative evaluation should include a search for airway 
obstruction or distortion. Review of a CT scan is very helpful in this 
regard. Evidence of impaired cerebral circulation, history of stroke, 
or signs of the Eaton–Lambert syndrome resulting from oat cell 
carcinoma should be sought. Blood must be available for the proce-
dure because hemorrhage is a real risk and may be life-threatening.

Most surgeons and anesthesiologists prefer general anesthesia 
using an endotracheal tube and continuous ventilation because 
this offers a more controlled situation and greater lexibility in 
terms of surgical manipulation. The anesthetic technique should 
include a muscle relaxant to prevent the patient from coughing 
because this may produce venous engorgement in the chest or 
trauma by the mediastinoscope to surrounding structures.

The incidence of morbidity with mediastinoscopy has been 
reported as 1.5% to 3.0%, and that of mortality as 0.09%. The 
most common complication is hemorrhage (0.73%) because of 
the proximity of major vessels and the vascularity of certain 
tumors. Tamponade may be the only recourse, and thoracotomy 
or median sternotomy may be required to achieve hemostasis. 
Needle aspiration of any structure is essential before any biopsy is 
taken. If severe bleeding occurs, induced arterial hypotension 
may be helpful in reducing the size of the tear in a vessel. If bleed-
ing is venous, luids given via an upper limb vein may enter the 
mediastinum, in which case a large-bore catheter should be 
placed in a lower limb vein. A venous laceration may also result in 
air embolism, particularly if the patient is breathing spontane-
ously. Some recommend the use of a precordial Doppler probe if 
the risk of air embolism is likely.

Pneumothorax is the second most common complication 
(0.66%). It is usually right-sided, often recognized at the time of the 
occurrence, and is treated according to the size. A symptomatic 
pneumothorax should be treated by chest tube decompression.

Recurrent laryngeal nerve injury occurred in 0.34% of cases 
and was permanent in 50% of these cases. The nerve may be dam-
aged by the mediastinoscope or be involved in tumor. Such injury 
is not a problem unless both nerves are damaged, in which case 
upper airway obstruction may result. Autonomic relexes may be 
initiated by manipulation of the trachea or the aorta, the latter 
having pressor receptors located in the arch. Vagally mediated 
relexes may be blocked by atropine.

“Factitious” cardiac arrest has been reported when the right 
radial pulse was monitored using a plethysmograph, and the trac-
ing suddenly disappeared in the presence of a normal electrocar-
diogram. A normal pulse returned after the mediastinoscope was 
removed, and the cause of the apparent arrest was pressure on the 
innominate artery by the instrument. Decreases in right arm as 
compared with left arm blood pressure have been reported in 
cases undergoing mediastinoscopy. Duration was 15 to 360 sec-
onds. This is of particular signiicance if there is a history of 
impaired cerebral circulation or transient ischemic attacks, or if a 
carotid bruit is present, because transient left hemiparesis may 
occur after mediastinoscopy. It is therefore recommended that 
blood pressure be monitored in the left arm and that the right 
radial pulse be monitored continuously during mediastinoscopy. 
A decrease in the right radial pulse amplitude is an indication for 
repositioning the mediastinoscope, especially in a patient with a 
history of cerebrovascular disease.

Other reported complications include acute tracheal col-
lapse, tension pneumomediastinum, mediastinitis, hemothorax, 
and chylothorax. A chest radiograph taken in the immediate 

Left 
subclavian
artery

Trachea

Mediastinoscope

Right common
carotid artery

Right subclavian   
 artery

Innominate
artery

Aorta

FIgURE 37-22. Anatomic relationships during mediastinoscopy. Note 
the position of the mediastinoscope behind the right innominate artery 
and aortic arch and anterior to the trachea. (From: Carlens E. Mediasti-
noscopy: A method for inspection and tissue biopsy in the superior 
mediastinum. Dis Chest. 1959;36:343.)
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postoperative period is a useful precaution in all patients after 
mediastinoscopy.

Thoracoscopy

Thoracoscopy (medical thoracoscopy) involves the insertion of 
an endoscope into the thoracic cavity and pleural space. It is used 
for the diagnosis of pleural disease, effusions, and infectious dis-
ease (especially in immunosuppressed patients and those with 
acquired immunodeiciency syndrome) and for staging proce-
dures, chemical pleurodesis, and lung biopsy. It is usually per-
formed by the pulmonary physician in the clinic, under local 
anesthesia. It is also used in therapeutic procedures such as CO2 
laser treatment of spontaneous pneumothorax or bullous emphy-
sema144 and Nd-YAG laser vaporization of malignant pleural 
tumors. A small incision is made in the lateral chest wall, and with 
the insertion of the instrument, luid and biopsy specimens are 
easily obtained.

This procedure may be performed using local, regional, or 
general anesthesia; the choice depending on the expected dura-
tion of the procedure and the physical status of the patient. Pneu-
mothorax is a potential complication of an intercostal block, but 
it would not have clinical sequelae during a thoracoscopy because it 
is created as part of the surgical procedure. The collapse of the lung 
provides the surgeon with a working space, and a chest tube is 
placed at the conclusion of the surgery. The addition of a stellate 
ganglion block helps suppress the cough relex that is sometimes 
provoked during manipulation of the hilum of the lung.

When air enters the pleural cavity under inspection, a partial 
pneumothorax occurs, permitting good surgical visualization. 
Changes in Pao2, Paco2, and cardiac rhythm are usually mini-
mal when the procedure is performed using local or regional 
anesthesia.

With local anesthesia, the spontaneous pneumothorax is usu-
ally well tolerated because the skin and chest wall form a seal 
around the thoracoscope and limit the degree of lung collapse. 
Occasionally, however, the procedure is poorly tolerated, and 
general anesthesia must be induced. The insertion of a DLT with 
the patient in the lateral position may be dificult, in which case the 
patient may be temporarily placed in the supine position for the 
intubation.

If general anesthesia is required, a DLT is preferable to an SLT 
because positive-pressure ventilation via an SLT would interfere 
with endoscopic visualization. In addition, if pleurodesis is being 
performed, general anesthesia through a DLT allows for re-
expansion of the lung and avoids the pain associated with instilla-
tion of talc for recurrent pneumothorax.

video-assisted Thoracoscopic surgery

VATS entails making small incisions in the chest wall, which 
allows the introduction of a video camera and surgical instru-
ments into the thoracic cavity.145 Generally, it is performed by a 
thoracic surgeon in the operating room under general anesthesia. 
Although the irst thoracoscopy was performed by Jacobeus in 
1910, using what was at that time a cystoscope, in more recent 
years the surgical techniques, instruments, and video technology 
have been improved to permit a wide variety of procedures to be 
performed using VATS. These now include diagnostic proce-
dures for evaluation of pleural disease and effusions, staging of 
lung cancer, and the identiication of parenchymal disease, 
including nodules, mediastinal tumors, and pericardial disease. 
They also include therapeutic procedures such as operations for 

pleural disease, including pleurodesis, decortication and drainage 
of empyema, resection of lung tissue or bullae, pericardial win-
dow or stripping, and esophageal surgery. Even lung lobectomies 
can now be performed by VATS.

anesthesia Considerations

As with a traditional thoracotomy, the patient needs to be in the 
lateral decubitus position, and lung collapse is needed for ade-
quate surgical exposure. This generally mandates the use of a 
lung-separation technique. VATS is most commonly performed 
under general anesthesia with OLV. The need for OLV is much 
greater with VATS than with open thoracotomy because it is not 
possible to retract the lung during VATS like it is during an open 
thoracotomy. The operated lung should be delated as soon as 
possible after tracheal intubation and positioning because it may 
take over 30 minutes for complete lung collapse to occur. Also, 
the surgeon enters the thoracic cavity much sooner during VATS 
than with open thoracotomy. Suction applied to the airway can 
help facilitate a more rapid delation of the lung. In some cases, 
carbon dioxide is insuflated into the pleural cavity to facilitate 
visualization. Insuflation pressures should be maintained as low 
as possible and the CO2 inlow rate kept <2 L/min. Higher pres-
sures can cause mediastinal shift, hemodynamic compromise, 
increases in airway pressure, and increases in end-tidal CO2. 
Hemodynamic compromise presents a picture similar to that 
because of tension pneumothorax. Signiicant hemodynamic 
changes can be produced when pressures as little as 5 mm Hg are 
used to insuflate CO2 into the chest cavity.146

CPAP is commonly used for the treatment of hypoxemia dur-
ing OLV for thoracotomy and is usually very effective. However, 
during VATS, CPAP interferes with the surgical exposure and is 
therefore best avoided. It would be preferable to use PEEP to the 
nonoperated (dependent lung). In addition, a lower Pao2 may 
have to be tolerated during VATS compared with a thoracotomy.

Postoperative Concerns

There is less pain after VATS than open thoracotomy, and an epi-
dural catheter is usually placed before surgery only if there is a 
likelihood that a thoracotomy may need to be performed. A 
lobectomy can be performed by VAT, but an open thoracotomy 
may be required. The patient’s respiratory function is better pre-
served after VATS, and their recovery is faster. However, postop-
erative dysrhythmias, which commonly occur after thoracotomy, 
have also been reported after VATS.147 Other complications that 
may occur include bleeding, pulmonary edema, and pneumonia.

ANESTHESIA FOR  

SpECIAL SITUATIONS

Management of patients with BPF, empyema, cysts, and bullae, as 
well as those requiring tracheal reconstruction, is considered 
here. Many of these patients are appropriately managed using 
high-frequency ventilatory techniques; therefore, these tech-
niques are described irst (see Chapter 27).

High-frequency ventilation

With conventional positive-pressure ventilation, Vt and rates 
usually exceed or approach those in the normal, spontaneously 
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breathing patient. Gas transport to the alveoli occurs by convec-
tion in the larger airways, and then by convection and molecular 
diffusion in the more distal airways and alveoli. High-frequency 
ventilation differs from conventional positive-pressure ventila-
tion in that smaller Vt and more rapid rates are used. Gas trans-
port may depend more on molecular diffusion, high-velocity 
low, and coaxial gas low in the airways, with gas in the center 
moving distally and that in the periphery moving proximally.

There are three different types of high-frequency ventilation. 
HFPPV uses small Vt at rates of 60 to 120 breaths/min (1 to 2 Hz). 
The ventilator used has a negligible internal compliance so the Vt 
generated, which usually approximates the dead space volume, 
equals the volume set on the ventilator and represents all fresh 
gas. The high instantaneous gas lows generated facilitate gas 
exchange and movement in the conducting airways.

HFPPV may be delivered by an open or a closed system. An 
example of the former is the percutaneous placement of a trans-
tracheal catheter or placement of a catheter through the nose or 
mouth with its distal end above the carina. Inlow is intraluminal 
and outlow is extraluminal. This technique has been used during 
bronchoscopy, tracheal resection, and reconstructive surgery. 
When open systems are used, the gas outlow pathway is not 
established mechanically and depends on natural airway patency. 
It is therefore subject to compromise. Also, aspiration is a poten-
tial complication with open systems.

The closed system is superior because it integrates both airway 
patency and outlow protection. A closed system is represented by 
a catheter placed in a short segment of an endotracheal tube for 
delivery of the HFPPV, whereas the remainder of the tube lumen 
represents the exit pathway for gas. A quadruple-lumen endotra-
cheal tube (Hi-Lo Jet Tracheal Tube, Mallinckrodt, Inc.) has been 
designed speciically for delivery of HFPPV. One lumen is for the 
HFPPV delivery, one for gas outlow, one for cuff inlation, and 
one for measuring airway pressures at the distal end of the tube. 
The use of a closed system also permits application of PEEP, a 
situation not possible with an open arrangement.

High-frequency jet ventilation (HFJV) uses a pulse of a small 
jet of fresh gas introduced from a high-pressure source (50 psig) 
into the airway through a small catheter or additional lumen in an 
endotracheal tube. Rates used are usually 100 to 400 breaths/min. 
The fresh gas jet entrains gas from an injection cannula side-port 
reservoir. This system is somewhat analogous to the Sanders 
injector system described in the “Bronchoscopy” section, and 
Fio2 is similarly variable. The jet and entrained gas lows cause 
forward motion of the mass of gas in the airways. HFJV can be 
used with an open system or with a closed arrangement, as 
described earlier. In the latter, PEEP may be added to enhance 
oxygenation. Also, with use of high fresh gas lows from an anes-
thesia circuit, inhaled anesthetics may be delivered as an entrained 
gas mixture.

High-frequency oscillation ventilation uses a mechanism that 
oscillates gas at rates of 400 to 2,400 breaths/min. It has not been 
described in association with thoracic surgical procedures. In this 
system, Vt is small (50 to 80 mL), and gas exchange occurs 
through enhanced molecular diffusion and coaxial airway low.

The potential advantages offered by HFPPV during thoracic 
anesthesia are that lower Vt and inspiratory pressures result in a 
quiet lung ield for the surgeon, with minimal movements of air-
way, lung tissue, and mediastinum. Thus, HFPPV has been used 
to ventilate both the nondependent and the dependent lung dur-
ing thoracic surgical procedures, with adequate arterial blood gas 
measurements obtained throughout. At high frequencies (>6 Hz), 
however, CO2 retention may become a problem.

HFJV has been used to ventilate the nondependent lung to 
improve Pao2 during one-lung anesthesia, whereas the dependent 
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lung was ventilated with conventional intermittent positive-pressure 
ventilation. Pao2 increased compared with that obtained during 
simple collapse of the nondependent lung. A study comparing 
HFJV with CPAP to the nondependent lung during conventional 
intermittent positive-pressure ventilation to the dependent lung 
found that both improved Pao2 signiicantly during closed and 
open stages of the surgery. When the chest was open, HFJV main-
tained satisfactory cardiac output, whereas CPAP usually decreased 
cardiac output; however, there were no signiicant differences in 
Paco2 between HFJV and CPAP. Because similar increases in Pao2 
may be obtained using selective CPAP to the nondependent lung 
and much simpler equipment than that necessary to deliver high-
frequency ventilation, the use of CPAP would seem preferable to 
high-frequency ventilation to increase Pao2 during most one-lung 
anesthesia situations.

The lower pressures and Vts associated with high-frequency 
ventilation result in a small leak through BPFs, and HFJV is now 
generally considered the conservative treatment of choice in this 
condition. Another advantage of high-frequency ventilation is 
that the rapid-rate small Vt can be delivered through small tubes 
or catheters so if an airway has to be divided, the passage of a 
small tube across the surgical ield permits ventilation of the distal 
airway and lung tissue. This use has been applied during sleeve 
resection of the lung, tracheal reconstruction, and surgery for 
tracheal stenosis. In all three situations, the surgeon is able to 
work easily around the small catheter used to provide the high-
frequency ventilation.

Bronchopleural fistula and empyema

A BPF is an abnormal communication between the bronchial tree 
and the pleural cavity. Occasionally, there is an additional com-
munication to the surface of the chest, a cutaneous BPF. BPF 
occurs most commonly after pulmonary resection for carcinoma. 
Other causes include traumatic rupture of a bronchus or bulla 
(sometimes caused by barotrauma or PEEP), penetrating chest 
wound, or spontaneous drainage into the bronchial tree of an 
empyema cavity or lung cyst. The incidence of BPF is higher after 
pneumonectomy than following other types of lung resection. 
The problems associated with BPF and empyema are that positive-
pressure ventilation may result in contamination of healthy lung, 
loss of air, decreased alveolar ventilation leading to CO2 reten-
tion, and the development of a tension pneumothorax.

If an empyema is present, it should be drained under local 
anesthesia before any surgery to close the BPF. Drainage is per-
formed with the patient sitting up and leaning toward the affected 
side. Empyemas are often loculated, and complete drainage is not 
always possible. A drain to an underwater seal system is left in the 
cavity before administration of anesthesia for surgery of the BPF, 
and after drainage of an empyema, a chest radiograph should be 
obtained to determine the eficacy of the procedure.

The priorities in the anesthetic management of BPF are the 
isolation of the affected side in terms of contamination and ven-
tilation. The ideal approach is intubation of the trachea while the 
patient is awake using a DLT with the patient breathing spontane-
ously. Supplemental oxygen should be administered, and the 
patient should be constantly reassured. Neuroleptanalgesia is sat-
isfactory in providing a suitably cooperative patient, and the air-
way is then pretreated with topical anesthesia. The endobronchial 
tube selected should be such that the bronchial lumen is on the 
side opposite the BPF. Selection of the largest possible tube pro-
vides a close it in the trachea, which helps stabilize the tube. Once 
the tube is adequately positioned in the trachea, there may be a 
considerable outpouring of pus from the tracheal lumen if an 
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empyema is present; therefore, this lumen should be immediately 
suctioned using a large-bore suction catheter. The healthy and 
possibly the affected lung may then be ventilated; adequacy of 
oxygenation and ventilation is assessed by pulse oximetry and 
arterial blood gas analysis.

An alternative technique is to insert the DLT under general 
anesthesia, with the patient breathing spontaneously to avoid a ten-
sion pneumothorax. With either technique, the chest drainage tube 
must be left unclamped to avoid any bouts of coughing and to pre-
vent the buildup of a tension pneumothorax in the event that a 
predisposing valvular mechanism exists. In patients who do not 
have an empyema, use of an SLT has been described and may be 
satisfactory if the bPF and air leak are small. A rapid-sequence 
induction with ketamine or thiopental followed by a relaxant has 
also been described, but is associated with considerable risk of 
contamination and tension pneumothorax.

bPF may also be treated conservatively using various ventila-
tory techniques. Thus, the bronchus of the normal lung may be 
intubated and ventilated, allowing the bPF to rest and heal. This 
approach may result in an intolerable shunt, however, and PEEP 
may be necessary to maintain Pao2. Differential lung ventilation 
using a DLT has also been described, the healthy lung being ven-
tilated with normal Vt, while the affected lung is exposed to a 
smaller Vt or to CPAP with oxygen at pressures just below the 
critical opening pressure of the istula. The critical opening pres-
sure of the BPF can be assessed by determining the lowest level of 
CPAP that must be applied to the bronchus on the affected side to 
produce continuous bubbling through the underwater seal chest 
drain.

For a large BPF, HFJV may be the nonsurgical treatment of 
choice. The use of small Vts results in minimal gas loss through 
the istula, which may heal more quickly. In addition, hemody-
namic effects are usually minimal and spontaneous efforts at ven-
tilation are usually abolished, thereby decreasing the work of 
breathing and eliminating the need for relaxants or excessive 
sedation.

Lung Cysts and Bullae

Air-illed cysts of the lung are usually bronchogenic, postinfec-
tive, infantile, or emphysematous. They may be associated with 
COPD or be an isolated inding. A bulla is a thin-walled space 
illed with air that results from the destruction of alveolar tissue. 
The walls are, therefore, composed of visceral pleura, connective 
tissue septa, or compressed lung tissue. In general, bullae repre-
sent an area of end-stage emphysematous destruction of the lung.

Patients may be considered for surgical bullectomy when dys-
pnea is incapacitating, when the bullae are expanding, when there 
are repeated pneumothoraces owing to rupture of bullae, or if the 
bullae compress a large area of normal lung. Most of these patients 
have severe COPD and CO2 retention, and little functional respi-
ratory reserve. The irst consideration in management is mainte-
nance of a high Fio2. If the bulla or cyst communicates with the 
bronchial tree, positive-pressure ventilation may cause it to 
expand or even to rupture, if it is compliant, producing a situa-
tion analogous to tension pneumothorax. If the bulla is very com-
pliant, most of the applied Vt may be wasted in this additional 
dead space. Nitrous oxide should be avoided because it causes 
expansion of any air spaces in the body, including bullae. Once 
the chest is open, even more of the Vt may enter the compliant 
bulla, which is no longer limited by chest wall integrity, and an 
increase in ventilation is needed until the bulla is controlled.

The anesthetic management of these patients is challenging, 
particularly if the disease is bilateral. Ideally, a DLT is inserted 

with the patient awake or under general anesthesia but breathing 
spontaneously. The avoidance of positive-pressure ventilation 
(when possible) helps decrease the likelihood of the potential 
problems described previously, although oxygenation may be 
precarious with spontaneous ventilation. Once the endotracheal 
tube is in place, each lung may be controlled separately, and ade-
quate ventilation can be applied to the healthy lung if bilateral 
disease is not present. Gentle positive-pressure ventilation with 
rapid, small Vt and pressures not to exceed 10 cm H2O may be 
used during the induction and maintenance of anesthesia, espe-
cially if the bullae have been shown to have no or only poor bron-
chial communication by preoperative ventilation scanning. While 
the surgery is being performed, as each bulla is resected, the oper-
ated lung can be separately ventilated to check for air leaks and 
the presence of additional bullae.

If positive-pressure ventilation is to be applied before the chest 
is opened, the possibility of a tension pneumothorax must be kept 
in mind, and treatment should be readily available. The diagnosis 
of pneumothorax may be made by a unilateral decrease in breath 
sounds (this may be dificult to distinguish in a patient with bul-
lous disease), increase in ventilatory pressure, progressive tra-
cheal deviation, wheezing, or cardiovascular changes. Treatment 
of a pneumothorax involves the rapid placement of a chest tube. 
An added risk of chest tube placement is the creation of a cutaneous 
BPF, which causes problems for ventilation. Alternatively, general 
anesthesia is induced only after the surgeon has prepared the 
operative ield and draped the patient. In the event of sudden 
deterioration in the patient’s condition during induction, the sur-
geon may perform an immediate median sternotomy. In any event, 
the time from induction of anesthesia to sternotomy must be kept 
to a minimum.

To avoid these problems in a patient with known bullae, HFJV 
has been used in a patient with a large bulla undergoing coronary 
artery bypass graft and in another patient undergoing bilateral 
bullectomy. If bilateral bullectomy is to be performed, a median 
sternotomy is usually used. Benumof148 described the use of 
sequential OLV using a DLT in the management of a patient 
needing bilateral bullectomy. The side with the largest bulla and 
least lung function, as assessed before surgery by ventilation and 
perfusion scans, should be operated on irst. In this way, the lung 
with the better function should support gas exchange irst. If 
hypoxemia develops during this one-lung situation, application 
of CPAP to the nonventilated lung during the delation phase of a 
tidal breath should increase Pao2.

Unlike most cases of pulmonary resection, patients after bullec-
tomy are left with a greater amount of functional lung tissue than 
was previously available to them, and the mechanics of respiration 
are improved. At the end of the procedure, the DLT is replaced by 
an SLT, and the patients generally require several days to be weaned 
from the ventilator. During this time, the positive airway pressure 
used should be minimized to avoid causing a pneumothorax owing 
to rupture of suture or staple lines or of residual bullae.

anesthesia for Resection of the Trachea

Tracheal resection and reconstruction are technically dificult for 
the surgeon and challenging for the anesthesiologist. Indications 
for this type of procedure include congenital lesions (agenesis, 
stenosis), neoplasia (primary or secondary), injuries (direct or 
indirect), infections, and postintubation injuries (caused by an 
endotracheal tube or tracheotomy). For the surgical team, the major 
problems are maintenance of ventilation to the lungs while the air-
way is being operated on and postoperative integrity of the anasto-
moses. In this respect, the presence of lung disease suficiently severe 
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to require postoperative ventilatory support is a relative contrain-
dication to tracheal resection or reconstruction.

Monitoring of these patients should include placement of an 
arterial cannula in the left radial artery to permit continuous 
measurement of blood pressure during periods of innominate 
artery compression. Steroids should be administered to help 
reduce any tracheal edema, and a high Fio2 should be used 
throughout the procedure to ensure an adequate oxygen reserve 
at all times in the FRC so that temporary interruptions of ventila-
tion are less likely to produce hypoxemia.

Numerous methods have been reported to provide oxygen-
ation and ventilation of the lungs during these procedures. A 
small-bore anode tube may be placed through and distal to an 
upper tracheal lesion so resection may occur around the tube. 
This technique is useful only in mild stenoses. Alternatively, an 
endotracheal tube may be passed through the glottis to above the 
stenosis, and a sterile endotracheal or bronchial tube may later be 
inserted into the trachea opened distal to the site of stenosis, with 
the sterile anesthesia tubing being led across the surgical ield. 
After resection of the lesion, the sterile and distally placed endo-
tracheal tube is withdrawn, and the upper tube (originally passed 
through the glottis) is advanced across the anastomosis. With low 
tracheal or bronchial lesions, resection and reconstruction may 
be performed around an endobronchial or DLT. During these 
procedures, the patient is kept in a head-down position to mini-
mize aspiration of blood and debris into the alveoli, and ventila-
tion must be carefully monitored throughout the procedure.

Clearly, the presence of a large-bore tube in the airway may 
make these resections technically dificult, and the use of high-
frequency ventilation techniques may improve surgical access. 
Thus, a small-diameter catheter or catheters may be placed across 
or through the stenotic lesion or transected airway(s) and ventila-
tion to the distal airways and lungs maintained using HFPPV or 
HFJV. Potential disadvantages of these high-frequency ventila-
tion techniques are that, by necessity, the system is “open” (see 
“High-frequency Ventilation”), and egress of gas during exhala-
tion may be compromised if the stenosis is tight. Also, the cathe-
ter may become occluded by blood and become displaced, and 
distal aspiration of debris or blood may occur. With complex 
resections, two anesthesia teams with two machines and anesthe-
sia circuits or sets of ventilating equipment may be necessary to 
ensure adequate ventilation of the two distal airway segments. 
Although during carinal resections, HFPPV to the left lung alone 
usually provides adequate oxygenation and ventilation.

After tracheal resection or reconstructive surgery, patients 
should be kept with the neck and head lexed to reduce tension on 
the anastomotic suture lines. In some cases, this is maintained by 
using sutures between the chin and the anterior chest wall. Extu-
bation of the trachea is performed as early as possible to minimize 
tracheal trauma due to the endotracheal tube and cuff.

Bronchopulmonary Lavage

This procedure involves irrigation of the lung and bronchial tree, 
and is used as a treatment for alveolar proteinosis, radioactive 
dust inhalation, cystic ibrosis, bronchiectasis, and asthmatic 
bronchitis. Lung lavage is performed under general anesthesia 
using a DLT so one lung may be ventilated while the other is 
being treated with lavage luid.149

The preoperative assessment of these patients should include 
ventilation–perfusion scans so lavage can be performed irst on 
the more severely affected lung (i.e., the one with the least ventila-
tion). If involvement is equal, the left lung is generally lavaged 
irst because gas exchange should be better through the larger, 

right lung. Patients are premedicated and supplied with supple-
mental oxygen en route to the operating room.

Anesthesia is induced with an intravenous drug and main-
tained with an inhaled agent in oxygen to maintain the highest 
possible Fio2. Muscle relaxation facilitates placement of the DLT, 
and the cuff seal should be checked to maintain perfect separation 
at a pressure of 50 cm H2O to prevent leakage of lavage luid 
around the cuff. A iberoptic bronchoscope is useful to check the 
position of the bronchial cuff of the DLT. Monitoring should 
include an arterial catheter, and a stethoscope should be placed 
over the ventilated lung to check for rales, the presence of which 
may indicate leakage of lavage luid into this lung.

The patient is maintained on an Fio2 of 1 throughout the pro-
cedure. Before lavage, this serves to denitrogenate the lungs so 
only oxygen and carbon dioxide remain. Instillation of luid then 
allows these gases to be absorbed, resulting in greater access by 
the luid to the alveolar spaces than if the more insoluble nitrogen 
bubbles remained.

Once the trachea is intubated, the patient is turned so the side 
to be lavaged is lowermost, and the DLT position and seal are 
checked once again. With the patient in a head-up position, 
warmed heparinized isotonic saline is infused by gravity from a 
reservoir 30 cm above the midaxillary line into the catheter to the 
dependent lung, while the nondependent lung is ventilated. When 
luid ceases to low in (usually after 700 to 1,000 mL in an adult), 
the patient is placed in a head-down position and luid is allowed 
to drain out. The lavage is continued until the efluent is clear (as 
opposed to the milky luid that drains initially when lavage is being 
performed for alveolar proteinosis), at which point the lung is suc-
tioned and ventilation is re-established with large Vt (and pres-
sures) because compliance is decreased owing to loss of surfactant. 
With each lavage, inlow and outlow volumes are monitored so 
the patient is not “drowned” in luid, and there is no excessive 
absorption or leakage to the ventilated side. At least 90% of the 
saline volume should be recovered with each lavage. Two-lung 
ventilation is re-established and, as compliance improves, an air–
oxygen mixture (addition of nitrogen) may be introduced to help 
maintain alveolar patency. After a further period of ventilation, in 
most patients, the trachea can be extubated in the operating room. 
In the posttreatment period, patients are encouraged to cough and 
engage in breathing exercises to fully re-expand the treated lung. 
From 3 days to 1 week after lavage of the irst lung, the patient may 
return to the operating room for lavage of the other lung.

Problems sometimes encountered with this procedure include 
spillage of lavage luid from the treated to the ventilated lung. 
This must be managed by stopping the lavage and ensuring func-
tional separation of the lungs before continuing. DLT positioning 
is critical. Spillage may cause profound decreases in oxygenation, 
which may necessitate terminating the procedure and maintain-
ing two-lung ventilation with oxygen and PEEP.

During periods when lavage luid is being instilled into the 
dependent lung, oxygenation usually improves because the 
increased intra-alveolar pressure caused by the luid produces 
diversion of the pulmonary blood low to the nondependent, ven-
tilated lung. Conversely, when the luid is drained out of the 
dependent lung, hypoxemia may occur.150 In some cases in which 
severe hypoxemia was anticipated during right lung lavage, the risk 
has been reduced by passing a balloon-tipped catheter into the 
right main pulmonary artery (checked by radiography) and inlat-
ing the balloon during periods of right lung drainage. In this way, 
blood low to the dependent, right, nonventilated lung is mini-
mized during periods of drainage. This technique is not without 
risk (e.g., pulmonary artery rupture) and is reserved for those 
patients considered to be at greatest risk for hypoxemia during 
lavage. If the patient has recently had a diagnostic open lung 
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biopsy, a bPF may be present. If this is a possibility, a chest tube 
should be inserted on the side of the bPF, and this side should be 
lavaged irst. The chest drain is removed several days later.

Limitations in the sizes of available DLTs preclude their use 
for lavage in patients weighing less than 40 kg. In such cases, car-
diopulmonary bypass may be required to provide oxygenation 
during lavage.

myasthenia Gravis

The thoracic anesthesiologist will most likely have to manage 
patients with MG for thymectomy, which is now considered the 
treatment of choice in most cases of MG. MG is a disorder of the 
neuromuscular junction, the function of which is altered routinely 
in the modern practice of anesthesia. The incidence of MG appears 
to be increasing. The most accurate estimate of incidence of MG 
was around 30/1,000,000/year. The incidence in children and 
adolescents aged 0 to 19 years was found to be between 1 and 
5/1,000,000/year. These rates may well be an underestimate of the 
true incidence rates, as mild cases will have been missed and cases 
in the elderly will have been misdiagnosed.151 People of any age 
may be affected, but peaks of incidence occur in the third decade 
for women and the ifth decade for men. MG is a chronic disorder 
characterized by a clinical course of luctuating painless weakness 
and fatigability of voluntary muscles with improvement following 
rest.152,153 Onset is usually slow and insidious, any skeletal muscle 
or group of muscles may be affected, and the condition is associated 
with relapses and remissions. The most common onset is ocular; if 
the disease remains localized to the eyes for 2 years, the likelihood of 
progression to generalized MG is low. In some cases, the disease is 
generalized and may involve the bulbar musculature, causing prob-
lems with breathing and swallowing. Peripheral muscle involve-
ment may cause weakness, clumsiness, and dificulty in holding up 
the head or in walking. The most commonly used clinical classii-
cation of MG is shown in Table 37-7.

In MG, there is a decrease in the number of postsynaptic ace-
tylcholine receptors (AchRs) at the endplates of affected muscles. 
This causes a decrease in the margin of safety of neuromuscular 
transmission. MG is an autoimmune disorder, and about 80% of the 
affected patients have detectable circulating antibodies to the nico-
tinic AchR. These anti-AchR antibodies may cause complement-
mediated lysis of the postsynaptic membrane or direct blockade 
of the receptors, or may modulate the receptor turnover such that 
the degradation rate exceeds the resynthesis rate. Studies of the 
endplate area show loss of synaptic folds and a widening of the 
synaptic cleft. A variable proportion of the patients who do not 
have anti-AchR antibodies have antibodies to muscle-speciic 
tyrosine kinase (MuSK).154

The diagnosis of MG is suspected from the patient’s history 
and conirmed by clinical, pharmacologic, electrophysiologic, or 
immunologic testing. Patients cannot sustain or repeat muscular 
contraction. The electrical counterpart of this is a decrement in the 
compound muscle action potentials evoked by repetitive stimula-
tion of a motor nerve. This is the most speciic of the nerve tests for 
MG but it can be performed only on certain muscles, which may 
not be the ones affected in an individual patient. Mechanical and 
electrical (electromyography) decrements improve with 2 to 10 mg 
of intravenous edrophonium (Tensilon test). MG patients charac-
teristically are sensitive to nondepolarizing muscle relaxants. When 
the routine electromyographic results are equivocal, a regional 
nondepolarizing muscle relaxant test may be performed using a 
tourniquet to isolate the limb and limit the action of the drug. In 
the regional nondepolarizer muscle relaxant test, electromyograms 
are performed before and after the administration of 0.2 mg of 
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curare. In equivocal cases, a positive result of a test for anti-AchR 
antibodies is considered diagnostic.

medical Therapy

Anticholinesterases are used to prolong the action of acetylcho-
line at the postsynaptic membrane and may also exert their own 
agonist effect at the AchRs. Anticholinesterases are the most com-
monly used medical therapy in MG (Table 37-8). Interestingly, 

TAbLE 37-7.  CliniCal ClassifiCation of 

myasthenia gravis (mg)

Class Description

I Ocular myasthenia—involvement of ocular 
muscles only. Mild with ptosis and diplopia. 
Electrophysiologic testing of other musculature  
is negative for MG.

IA Ocular myasthenia with peripheral muscles 
showing no clinical symptoms but showing a 
positive electromyogram for MG.

II Generalized myasthenia
IIA Mild—slow onset, usually ocular, spreading to 

skeletal and bulbar muscles. No respiratory 
involvement. Good response to drug therapy. 
Low mortality rate.

IIB Moderate—as IIA but progressing to more severe 
involvement of skeletal and bulbar muscles. 
Dysarthria, dysphagia, dificulty chewing. No 
respiratory involvement. Patient’s activities 
limited. Fair response to drug therapy.

III Acute fulminating myasthenia—rapid onset 
of severe bulbar and skeletal weakness with 
involvement of muscles of respiration. 
Progression usually within 6 mos. Poor response 
to therapy. Patient’s activities limited. Low 
mortality rate.

IV Late severe myasthenia—severe MG developing 
at least 2 yrs after onset of group I or group II 
symptoms. Progression of disease may be gradual 
or rapid. Poor response to therapy and poor 
prognosis.

Adapted from: Osserman KE, Genkins G. Studies in myasthenia gravis—A review 
of a 20-year experience in over 1200 patients. Mt Sinai J Med. 1971;38:497.

TAbLE 37-8.  antiCholinesterase drugs 

used to treat myasthenia 

gravis

Dose (mg)

Drug Oral IV IM Efficacy

Pyridostigmine 
(Mestinon)

60 2 2–4 1

Neostigmine 
(Prostigmine)

15 0.5 0.7–1 1

IV, intravenous; IM, intramuscular.
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no randomized controlled trial has been conducted on the use 
of acetylcholinesterase inhibitors in patients with MG because 
the response in observational studies is so obvious that a pla-
cebo group could not be justified.155 Myasthenic patients learn 
to regulate their medication and titrate the dose against opti-
mum effect. Overdosage causes the muscarinic effects of acetyl-
choline and may cause a cholinergic crisis. Underdosage causes 
weakness or a myasthenic crisis. In a patient with weakness, dis-
tinction between the two types of crisis may be made by per-
forming a Tensilon test or by examining pupillary size, which 
will be large (mydriatic) in a myasthenic crisis but small 
(miotic) in a cholinergic crisis. Muscarinic side effects are 
treatable with atropine (see Chapter 15).

The immunologic basis of MG has led to the use of short- and 
long-term immunosuppressive drugs. Steroids are used for short-
term immunosuppression, while for long-term effect azathioprine, 
cyclophosphamide, cyclosporine, methotrexate, mycophenolate 
mofetil, rituximab, and tacrolimus have been used. Steroids often 
produce initial deterioration before an improvement. The usual 
regimen is prednisone 1 mg/kg on alternate days. Rapid short-term 
immunomodulation has been achieved in acute exacerbations or 
to improve muscle strength prior to surgery. Plasma exchange or 
plasmapheresis may produce dramatic but transient improve-
ments in muscle strength with decreases in anti-AchR and anti-
MuSK titers, as well as other inlammatory mediators. Usually 
reserved for severe MG, plasma exchange has been shown to 
improve respiratory function in both operated and nonoperated 
patients with MG. Plasmapheresis causes a decrease in plasma 
cholinesterase levels that may prolong the effect of drugs such as 
succinylcholine that are normally broken down by this enzyme 
system.

Long-term immunomodulation is achieved by surgical thy-
mectomy. Abnormalities are found in 75% of thymus glands 
removed from patients with MG (85% show hyperplasia, 15% 
show thymoma). After thymectomy, approximately 75% of patients 
either go into remission or show some improvement. Thymec-
tomy is always indicated in those patients with thymoma, and 
now considered the treatment of choice in most patients with 
MG, except for those in Osserman class I (Table 37-7). Response 
to thymectomy is best if it is performed within the irst 3 years 
following diagnosis. Clinical outcome from thymectomy is equiv-
alent whether performed via a transsternal or video-assisted tho-
racoscopic approach.156 A report describing anesthesia concerns 
in 17 patients who underwent robotic-assisted thoracoscopic thy-
mectomy suggested that reinement of the surgical technique and 
positioning are required.157

management of General anesthesia

When possible, patients with MG should be admitted for elective 
surgery while in remission.158,159 On admission, the patient’s phys-
ical and emotional states should be optimized. Other diseases 
occasionally associated with MG should be excluded (Table 37-9). 
The patient’s current drug therapy should be reviewed and pos-
sible drug interactions considered. Because patients are less active 
while in the hospital, their anticholinesterase dosage may need to 
be decreased. If the patient has a history of respiratory disease or 
bulbar involvement, preoperative evaluation should include 
respiratory function studies. Breathing exercises and instruction 
in the use of incentive spirometers may be indicated. Patients 
should be told of the possible need for postoperative intubation 
of the trachea and ventilation of the lungs. Ideally, patients with 
MG should be scheduled to be the irst case of the day in the 
operating room. Patients receiving steroid therapy should receive 
perioperative coverage. Interactions with other immunosuppressant 

drugs must be considered and if the patient is in crisis preopera-
tive plasmaphereses may be necessary.

Because the trachea is to be intubated and the lungs venti-
lated for the planned procedure in the patient with MG, tradi-
tional practice is to withhold anticholinesterase therapy on the 
morning of surgery so that the patient is weak on arrival at the 
operating room.160 This avoids interactions with other drugs 
used in the operating room. Anticholinesterase therapy may be 
continued if the patient is physically or psychologically depen-
dent on it. Others recommend continuing pyridostigmine, 
including an oral dose just before induction.161 Premedication is 
satisfactorily achieved with a benzodiazepine or barbiturate. 
Opioids are usually avoided because of the risk of producing 
respiratory depression.

Monitoring should be dictated by the patient’s state and 
planned surgical procedure, but should include an assessment of 
neuromuscular transmission (by means of a mechanomyogram/
twitch monitor, an integrated electromyographic monitor, a 
kinemyograph, or an accelograph monitor)162 if agents affecting 
neuromuscular transmission are to be used.

Induction of anesthesia is readily achieved with a short-acting 
barbiturate (if available) or propofol. In elective cases, intubation 
of the trachea, maintenance, and relaxation are readily achieved 
using potent inhaled anesthetics. Anesthesia may be deepened 
using a potent inhaled agent and the trachea intubated under its 
effect. Myasthenic patients are more sensitive than normal 
patients to the neuromuscular depressant effects of the potent 
inhaled agents. In patients with MG, isolurane at 1.9 MAC end-
tidal concentration induced a neuromuscular block of 30% to 
50%, whereas halothane at 1.8 MAC induced a block of 10% to 
20%. Both agents produced fade in the train-of-four ratio of 41% 
and 28%, respectively.163 The less soluble inhaled agents, sevolu-
rane and deslurane, are even more easily administered and with-
drawn; they are now the most commonly used anesthetic drugs 
for patients with MG. Nitahara et al.164 studied the neuromuscu-
lar effects of sevolurane in 16 myasthenic patients and 12 normal 
patients. As expected, they found a concentration-dependent 

TAbLE 37-9.  disorders assoCiated with 

myasthenia gravis

Thymoma
Thyroid disease
Hyperthyroidism
Hypothyroidism
Thyroiditis
Idiopathic thrombocytopenic purpura
Rheumatoid arthritis
Systemic lupus erythematosus
Anemias
Pernicious
Hemolytic
Multiple sclerosis
Ulcerative colitis
Leukemia
Lymphoma
Convulsive disorders
Extrathymic neoplasia
Sjögren syndrome
Scleroderma
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decrease in T1 and T4/T1 values. The depressant effects of sevo-
lurane were more prominent in those myasthenic patients with 
baseline T4/T1 <0.90. Whichever agent is used, at the end of the 
procedure, the inhaled agent is discontinued and recovery of neu-
romuscular function begins. Experience with deslurane in MG 
patients undergoing video-assisted thoracoscopic thymectomy 
was similar.165

nondepolarizing relaxants. In some cases, patients with MG 
cannot tolerate the cardiovascular depressant effects of the potent 
inhaled anesthetics, in which case neuromuscular blocking drugs 
may be used, titrating dose against monitored effect. Patients with 
MG are sensitive (i.e., show a decrease in ED50 and ED95 when 
compared with non-MG patients) to the nondepolarizing neuro-
muscular blocking drugs.166 All nondepolarizing relaxants have 
been successfully and uneventfully used with careful monitoring in 
patients with MG (see Chapter 20). Since the sensitivity of any indi-
vidual MG patient is unknown, these drugs should be titrated in 
1/10 of the usual dose. Cisatracurium may be preferred because of 
its short elimination half-life, small volume of distribution, lack 
of cumulative effect, and high clearance.167 Sensitivity to nonde-
polarizing relaxants is increased during the coadministration of a 
potent inhaled anesthetic.168

Other intermediate-duration nondepolarizing agents such as 
vecuronium and rocuronium may be used; long-acting relaxants 
are best avoided in patients with MG. If necessary, the residual 
relaxation produced by nondepolarizers may be reversed by incre-
ments of anticholinesterase drugs, while neuromuscular transmis-
sion is carefully monitored to obtain maximum antagonism yet 
avoid a cholinergic crisis. All anticholinesterases have been safely 
used. Edrophonium may be the drug of choice because its onset of 
action is rapid and higher doses have a prolonged duration of 
action. The sensitivity of patients with MG to nondepolarizing 
relaxants is very variable, depending on the individual patient, the 
severity of MG, and the treatment. Mann et al.169 showed that MG 
patients who have a T4/T1 ratio <0.9 in the preanesthetic period 
show increased sensitivity to atracurium. They suggest that neuro-
muscular monitoring using train-of-four stimulation should 
begin in the preinduction period following administration of ade-
quate analgesia (fentanyl, 2 µg/kg). Itoh et al.170 found that patients 
with ocular MG were less sensitive to vecuronium than were those 
with generalized MG. They also found that in patients with clinical 
MG, sensitivity to vecuronium was unrelated to the presence or 
absence of antibodies to the AchR. Seronegative patients were as 
sensitive to vecuronium as seropositive patients.171 There are con-
licting reports as to the sensitivity of patients with MG in remission. 
All such patients should be considered sensitive to nondepolarizers 
until proven otherwise.172

Sugammadex is a novel cyclodextrin drug that is designed to 
bind rocuronium with a great afinity. Before the introduction of 
sugammadex, anticholinesterase drugs were the only options for 
antagonism of residual neuromuscular blockade, and in MG 
patients anticholinesterases must be administered with caution so 
as to avoid myasthenic or cholinergic crises. Sugammadex has 
been reported to provide very rapid, complete, and lasting recov-
ery from deep levels of rocuronium-induced neuromuscular 
blockade in normal patients.173,174

Sugammadex has since been reported to safely reverse deep 
rocuronium-induced neuromuscular blockade within 210 sec-
onds in a patient with MG.175 Sugammadex offers signiicant 
advantages in the management of the MG patient. At the time of 
writing, however, this drug is not approved for clinical use in the 
United States.

succinylcholine. Myasthenic patients are resistant to the neu-
romuscular blocking effects of succinylcholine. The ED95 is 2.6 
times normal in these patients.176 Clinically, however, the use of 

succinylcholine has been without incident, with the usual clinical 
doses producing adequate relaxation for endotracheal intubation 
and a normal recovery time, despite the occasionally reported 
early onset of phase II block. Doses of 0.2 to 1 mg/kg have been 
used in a number of patients with MG, and most did not show 
fasciculation before becoming paralyzed. Fade in response to 
train-of-four stimulation was observed in some patients during 
recovery, but recovery was not delayed. Prior administration of 
an anticholinesterase may complicate the response to succinyl-
choline by delaying its metabolism.

When a rapid-sequence intubation of the trachea is required, 
rapid onset of muscle relaxation may be achieved with succinyl-
choline or with moderate doses of a nondepolarizer in the latter 
case, with an associated prolongation of effect. A succinylcholine 
(1.5 mg/kg)–vecuronium (0.01 mg/kg) sequence has been safely 
used in three patients with MG for thymectomy. The authors sug-
gested that this technique may be particularly advantageous when 
rapid-sequence induction of anesthesia is indicated.177 In the 
future, a combination technique of intubating dose rocuronium–
sugammadex may replace succinylcholine for the MG patient 
who requires rapid-sequence induction.

nonrelaxant techniques. Because of concerns over the use of 
muscle relaxants in MG patients, there are many reports of suc-
cessful use of nonrelaxant techniques. Della Rocca et al.178 studied 
68 consecutive MG patients undergoing transsternal thymectomy 
randomized to receive propofol/O2/N2O/fentanyl or sevolurane/
N2O/O2/fentanyl. All were tracheally extubated in the operating 
room, and none required intubation for postoperative respiratory 
depression. Madi-Jebara et al.179 described the use of sevolurane as 
the sole anesthetic combined with intrathecal sufentanil–morphine 
for analgesia in an adult patient who underwent transsternal thy-
mectomy. Abe et al.180 described propofol anesthesia combined 
with thoracic epidural anesthesia for thymectomy in 11 patients 
with MG. Chevalley et al.181 reported use of propofol com-
bined with epidural bupivacaine and sufentanil in 12 MG 
patients undergoing similar procedures. They commented that 
the shift away from use of muscle relaxants provided optimal 
operating condition and improved patient comfort. Lorimar and 
Hall182 used a total intravenous anesthetic technique with pro-
pofol and remifentanil for transsternal thymectomy in an MG 
patient. Politis and Tobias183 describe rapid-sequence intubation 
in a myasthenic patient with a full stomach using propofol, lido-
caine, and remifentanil.

Baraka et al.184 described a 19-year-old myasthenic patient 
with a thymoma who received remifentanil and sevolurane 
anesthesia for a 2-hour thymectomy. Although the trachea was 
extubated 10 minutes after discontinuation of remifentanil, the 
patient was unresponsive to verbal stimuli and remained somno-
lent for 12 hours. Because the patient had been receiving pyr-
idostigmine for the months prior to surgery, they suggest that the 
delayed arousal may have been the result of possible inhibition 
by pyridostigmine of the nonspeciic esterases that normally 
hydrolyze remifentanil. Ingersoll-Weng et al.185 reported use of a 
dexmedetomidine infusion/isolurane technique for transsternal 
thymectomy in a 52-year-old woman. The patient was stable at 
the start of surgery but became asystolic on sternal retraction 
and received open cardiac massage. Resuscitation was successful, 
the dexmedetomidine infusion was discontinued, and surgery 
was completed uneventfully. Several factors may have contrib-
uted to the asystolic arrest, including a centrally mediated 
increase in parasympathetic activity resulting from dexmedeto-
midine in a patient who was also being treated with pyridostig-
mine, which also increases vagal tone. Thus, pyridostigmine may 
have interacted with dexmedetomidine in an additive or syner-
gistic manner.
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other drug interactions. Medications with neuromuscular 
blocking properties should be used with caution in patients with 
MG, particularly if relaxants are being used concurrently. Such 
drugs include antiarrhythmics (quinidine, procainamide, calcium-
channel blockers), diuretics (by causing hypokalemia), nitrogen 
mustards, quinine, and aminoglycoside antibiotics. Dantrolene has 
been used safely in a patient with MG.

recovery from anesthesia. Recovery from anesthesia must be 
carefully monitored in these patients. Extubation of the trachea 
should be performed when the patients are responsive and able to 
generate negative inspiratory pressures of greater than −20 cm 
H2O. After extubation of the trachea, patients are carefully 
observed in the recovery area or the ICU. As soon as possible, 
patients should resume their usual pyridostigmine regimen. 
Cases of mild respiratory depression may be treatable with paren-
teral anticholinesterase; more severe cases may require reintuba-
tion of the trachea and mechanical ventilation of the lungs. In the 
immediate postoperative period, postthymectomy patients often 
show a marked improvement in their condition and a decreased 
need for anticholinesterase therapy.

Postoperative Respiratory failure

Myasthenic patients are at increased risk for development of post-
operative respiratory failure. There have been several attempts to 
predict before surgery which patients with MG will require pro-
longed postoperative ventilation of the lungs.186 For patients who 
underwent transsternal thymectomy, positive predictors were a 
duration of MG >6 years, history of chronic respiratory disease 
other than that directly caused by MG, pyridostigmine dosage 
>750 mg/day, and a preoperative vital capacity <2.9 L. This pre-
dictive system was not found useful when applied in patients with 
MG undergoing transsternal thymectomy at other centers, and of 
no value in patients with MG undergoing other types of surgical 
procedures.187 In a study of 52 MG patients following thymec-
tomy, Mori et al.188 concluded that those patients who received 
>250 mg of pyridostigmine were at greater risk for respiratory 
failure requiring reintubation. Each patient should therefore be 
treated on his or her own merits.

A study of patients undergoing transsternal thymectomy 
suggested that the need for postoperative mechanical ventila-
tion correlated best with preoperative maximum static expira-
tory pressure. It was concluded that expiratory weakness, by 
reducing cough eficacy and ability to clear secretions, was the 
main predictive determinant. Adequate clearance of secretions 
is essential in these patients and may occasionally necessitate 
bronchoscopy.

In general, the postoperative morbidity in terms of respiratory 
failure is lower after transcervical rather than transsternal thymec-
tomy.189 Techniques described that may be useful in reducing 
postoperative ventilatory failure include preoperative plasma 
exchange and high-dose perioperative steroid therapy. If the antic-
ipated duration of the surgical procedure is 1 to 2 hours, preopera-
tive oral anticholinesterase therapy may be of value because the 
peak effect of the drug coincides with the conclusion of the surgical 
procedure and attempts at tracheal extubation.

Postoperative Care

In the immediate postoperative period, pain relief for patients 
with MG is usually provided by opioid analgesics, such as meper-
idine, but in reduced doses. The analgesic effect of morphine and 
other opioid analgesics has been reported to be increased by anti-
cholinesterases, which has led to the recommendation that the 
dose of opioid analgesics be reduced by one-third in patients 

receiving anticholinesterase therapy. Combined regional and 
general anesthesia techniques have also been used to provide 
good surgical conditions and improved postoperative analge-
sia in patients with MG undergoing thymectomy. Combined 
epidural–general anesthesia has been reported to provide excel-
lent intraoperative and postoperative conditions for both surgeon 
and patient.190,191

myasthenic syndrome  
(Eaton–Lambert Syndrome)

The myasthenic syndrome is a very rare immune-mediated dis-
order of neuromuscular transmission, associated with antibodies 
to the presynaptic voltage-gated calcium channel. The preva-
lence is estimated to be about 1/100,000.192 It is associated with 
small cell carcinoma of the lung in 50% to 60% of cases. Complaints 
of weakness may be mistaken for MG, but in Eaton–Lambert 
syndrome, symptoms do not respond to administration of anti-
cholinesterases or steroids, and activity improves strength. The 
defect in this condition is prejunctional, is associated with dimin-
ished release of acetylcholine from nerve terminals, and improved 
by agents such as 4-aminopyridine,193 guanidine, and germine 
that increase repetitive iring. Affected patients are particularly 
sensitive to the effects of all muscle relaxants, which should be 
used with great caution or avoided entirely.194 Other therapies 
have included immunosuppression, immune globulins, and 
plasmapheresis.195

The possibility of Eaton–Lambert syndrome should be con-
sidered in all patients with known malignant disease and those 
patients undergoing diagnostic procedures for suspected carci-
noma of the lung. Anesthesia considerations in these patients are 
essentially the same as in those with MG.196

pOSTOpERATIVE MANAgEMENT  

AND COMpLICATIONS

Postoperative Pain Control

After extubation of the trachea, respiratory therapy and pain 
management become critical components of postoperative care. 
Adequate postoperative pain control is necessary to ensure a good 
respiratory effort.197 Administration of intravenous opioids has 
been the standard form of pain management for years. The 
administration of suficient opioid to treat pain adequately may 
cause sedation and respiratory depression. Patient-controlled 
analgesia (PCA) has been reported to decrease the amount  
of postoperative pain, drug use, sedation, and pulmonary com-
plications.198 PCA also eliminates the delays associated with 
personnel-administered medications and in general is very well 
accepted by patients.

There are other intravenous medications that can be used for 
pain management in addition to opioids. Low-dose ketamine 
infusion at 0.05 mg/kg/hr was reported to be a useful adjunct to 
epidural analgesia for postthoracotomy pain management.199 
Small doses of ketamine added to morphine for PCA administra-
tion have been shown to reduce the amount of morphine admin-
istered and improve respiratory parameters.200 It reduced the 
incidence of oxygen desaturation below 90% during the irst 
three postoperative nights. Gabapentin has also been successful in 
reducing pain following thoracic surgery, although side effects 
included dizziness and drowsiness.201 Gabapentin may also 

11
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reduce the incidence of postoperative delirium, and one approach 
could be to administer 900 mg 1 to 2 hours preoperatively.202 
Gabapentin has been reported to be not effective in reducing ipsi-
lateral shoulder pain.203 The injection of the periphrenic fat pad 
has been shown to reduce the ipsilateral shoulder pain that may 
occur following thoracic surgery.204

Intercostal nerve blocks can decrease pain and improve post-
operative respiratory function. The intercostal blocks can be per-
formed internally or externally before or after surgery using a 
standard technique. However, the easiest method during tho-
racic surgery is to have the surgeon perform the blocks under 
direct vision from inside the thorax while the chest is open. bupi-
vacaine 0.25% to 0.5%, in doses of 2 to 5 mL, can be placed in the 
ive intercostal spaces around the incision and in intercostal 
spaces where chest tubes will be placed. This provides 6 to 
24 hours of moderate pain relief, but patients still complain of 
diaphragmatic and shoulder discomfort caused by the chest 
tubes. Larger volumes of local anesthetics should not be used in 
the intercostal space because of the high absorption rate and 
attendant systemic toxicity that can be produced, as well as the 
possibility of pushing the drug centrally and producing a paraver-
tebral sympathetic or epidural block with central sympatholysis 
and severe hypotension. The intraoperative placement of cathe-
ters in intercostal grooves allows for a continuous postoperative 
intercostal nerve block. The technique reduces pain and improves 
pulmonary function. Placement of a catheter in the paravertebral 
space allows for blockade of multiple levels of intercostal nerves. 
This technique has been reported to provide good analgesia, and 
with fewer side effects than epidural analgesia.205 Paravertebral 
blocks may provide good pain relief compared with epidural after 
thoracotomy.206,207

Another approach to postoperative pain control after thoracic 
surgery is the use of epidural or subarachnoid opioids (see Chap-
ter 34). Epidural morphine produces profound analgesia lasting 
from 16 to 24 hours after thoracotomy and does not cause a sym-
pathetic block or sensory or motor loss. These are signiicant 
advantages over systemic opioids or iniltration of local anesthet-
ics. Epidural opioids are most effective at alleviating pain when 
administered at the thoracic level. Epidural morphine has been 
shown to decrease pain and improve respiratory function in post-
thoracotomy patients.

On the basis of a meta-analysis of 100 studies in the National 
Library of Medicine’s PubMed database from 1966 to 2002, Block 
et al.208 concluded that epidural analgesia was superior to paren-
teral medication; this was true regardless of agent used in the epi-
dural catheter or the level of catheter placement. There may be a 
reduction in both morbidity and mortality with epidural or spinal 
analgesia.209 The technique most commonly employed in aca-
demic medical centers in the United States is an infusion of bupi-
vacaine together with a narcotic such as fentanyl administered via 
a thoracic epidural catheter.210 Data in the pediatric population 
are limited; in one study of adolescent patients, the use of thoracic 
epidural analgesia provided better postoperative pain relief fol-
lowing minimally invasive pectus excavatum repair.211 Acetamin-
ophen may be a useful adjunct to thoracic epidural analgesia 
for treatment of ipsilateral shoulder pain following thoracot-
omy.155,212 Ketorolac may be given postoperatively, but carries a 
risk of bleeding if given intraoperatively.

Subarachnoid (intrathecal) morphine, in a dose of 10 to 12 µg/kg, 
has been successfully used after thoracic surgery.213,214 With this 
technique, the drug acts directly on the spinal cord, and analgesia 
can be produced with a smaller dose than by the epidural or intra-
venous routes. When morphine is given intrathecally before the 
induction of anesthesia, a decrease in the dose of anesthetic drugs 
required may occur. All patients who have received subarachnoid 

or epidural opioids must be closely observed for potential side 
effects, including delayed respiratory depression, urine retention, 
pruritus, nausea, and vomiting. These effects appear to be dose-
related and may be reversed with naloxone. Despite over 30 years 
of usage, it is still not clear what dosage is optimal for this type of 
surgery.215

Noxious stimuli, including surgical incision, may lead to 
changes in the central nervous system that exacerbate postop-
erative pain. The administration of analgesic agents before sur-
gery is termed preemptive analgesia and may prevent these neu-
roplastic changes, thereby decreasing postoperative pain. In an 
early study of preemptive analgesia, the administration of lum-
bar epidural fentanyl before thoracotomy incision reduced 
postoperative pain scores and use of PCA morphine by a small 
but signiicant amount, compared with administration of lum-
bar epidural fentanyl after skin incision.216 On the basis of a 
meta-analysis of randomized controlled studies published between 
1966 and 2004, Bong et al.217 concluded that thoracic epidural 
preemptive analgesia did not provide a statistically signiicant 
reduction in postoperative pain, but was associated with a trend 
toward a reduction in the incidence of such pain. A subsequent 
study investigating the preemptive analgesic effect of iniltration 
of the surgical incisions with lidocaine prior to bilateral VAT 
incisions did help relieve pain for 24 hours, but not thereafter.218 
In that study, since there was a bilateral incision, the iniltration 
was only done on one side, and each patient served as his or her 
own control.

Interpleural analgesia is another technique for postoperative 
pain treatment. The injection of local anesthetic between the 
pleural layers can block multiple intercostal nerves and/or pain 
ibers traveling with the thoracic sympathetic chain. The surgeon 
can place the catheter under direct vision while the chest is 
open. The chest tubes should not be suctioned for approximately 
15 minutes after injection of local anesthetic to avoid loss of the 
anesthetic into the drainage. The surgeon can also place in the 
wound a soaker catheter, through which local anesthetics can be 
administered postoperatively. The On-Q PainBuster (I-Flow 
Corporation, Lake Forrest, CA) can be used for this purpose, and 
is an effective adjunct in alleviating pain following thoracic sur-
gery.219 There may be chronic pain following thoracotomy, and 
also following VAT, even though the incisions are smaller with 
this approach.220,221 In one report, women were more likely than 
men to suffer from both perioperative pain and chronic pain.222 
If it occurs, it is important to treat this chronic postoperative pain 
early and aggressively.223

In recent years, the use of VAT has become more common, 
and is often the initial approach for thoracic surgery. Although 
there can be expected to be less pain and respiratory impairment 
following VAT compared with thoracotomy, it is still important 
to have a pain management strategy as there can be a signiicant 
amount of postoperative pain. Acute postoperative pain may be 
either myofascial or neuropathic in origin. These can cause neu-
roplastic changes, which may result in chronic pain. In one study, 
there was a 47% incidence of chronic pain reported following 
VAT.224 The incidence of chronic pain after VAT may be compa-
rable with that following thoracotomy.225 The pain that occurs 
may be related to trauma to intercostal nerves by insertion of the 
surgical trocars or by compression during the surgery.226 In addi-
tion, an incision will be required to extract a lobe in the case of a 
lobectomy, which may exacerbate pain further.

If there is a relatively high chance of the surgeon converting the 
VAT to a thoracotomy, it may be preferable to place a thoracic epi-
dural. If the preoperative lung function is poor, such that the 
patient may have dificulty breathing adequately postoperatively or 
may not tolerate systemic opioids, it also may be more prudent to 
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place an epidural for that situation also. In contrast, for patients 
with good lung function who are scheduled to undergo a VAT in 
which a thoracotomy is unlikely, an epidural is probably unneces-
sary. The use of intercostal or paravertebral block combined with 
systemic opioids via PCA should be suficient. In the United 
Kingdom, that approach has been reported to be more common 
for VATS lobectomy than the use of epidural analgesia.227 In that 
survey, only 46% of patients undergoing VATS had a thoracic 
epidural placed. In contrast with an epidural, the paravertebral 
block is unilateral, and does not cause a sympathectomy. The 
administration of local anesthetic via the chest tubes is another 
approach which can successfully treat postoperative pain.228 In a 
recent update in which the literature was reviewed regarding pain 
management for VAT, it was concluded that an epidural is not 
necessary.229 The use of a single shot, multilevel, paravertebral 
block has been recommended for VATS in a recent update on the 
use of paravertebral blocks for thoracic surgery. The placement of 
a paravertebral catheter for VAT was shown to be effective for 
postoperative pain management in a recent prospective random-
ized trial.230

Complications following Thoracic surgery

atelectasis

Patients who require thoracotomy often have pre-existing pulmo-
nary disease that, when combined with the operative procedure, is 
likely to result in signiicant pulmonary dysfunction and possibly 
pneumonia. Atelectasis, the most signiicant cause of postopera-
tive morbidity, has been reported to occur in up to 100% of 
patients undergoing thoracotomy for pulmonary resection. It 
occurs more commonly in the basal lobes than in the middle or 
upper lung regions. It may be secondary to reduction of normal 
respiratory effort due to splinting from pain, obesity, intrathoracic 
blood and luid accumulation, and decreased compliance, all of 
which lead to rapid, shallow, constant Vt. Such a respiratory pat-
tern produces small airway closure and obstruction with inspis-
sated secretions, resulting ultimately in alveolar air resorption and 
terminal airway collapse. A poor cough and limited clearance of 
secretions add to the problem. Other sources of atelectasis include 
mucus plugging, which can obstruct a lobe or even an entire lung, 
and incomplete re-expansion of the remaining lung tissue after 
one-lung anesthesia.

The diagnosis of atelectasis can be made by clinical indings, 
chest radiography, or arterial blood gas analysis. This problem is 
best resolved by increasing resting lung volume or FRC. The latter 
can be increased by an increase in transpulmonary pressure (dif-
ference between airway pressure and interpleural pressure) or in 
lung compliance.

The tracheas of many patients can be extubated shortly after 
thoracic surgical procedures. These patients should be observed 
in the operating room for at least 5 minutes following extubation, 
and many will require a high Fio2 by face mask. Some patients 
with COPD undergoing extensive thoracic surgical procedures 
require postoperative ventilation to avoid atelectasis and other 
pulmonary complications. Mechanical ventilation increases air-
way pressure and, to a lesser extent, interpleural pressure; there-
fore, transpulmonary pressure increases.

The use of incentive spirometry and CPAP has been shown to 
reduce postoperative complications. Additional modalities that may 
be helpful in preventing atelectasis include bronchodilator treat-
ment, coughing and clearance of secretions, chest physiotherapy, 
mobilizing the patient, and providing adequate analgesia. Atelecta-
sis caused by collapse of lung tissue distal to a mucus plug can be 
treated by positioning the patient in the lateral decubitus position 

with the fully expanded lung in the dependent position. This 
improves V

⋅
/Q

⋅
  matching and facilitates clearance of mucus from the 

nondependent obstructed lung. However, the patient should not be 
placed with the operative side in the dependent position after a 
pneumonectomy because of the risk of cardiac herniation.

The other major complications after thoracic surgery can be 
grouped into cardiovascular, pulmonary, and related problems.

Cardiovascular Complications

Cardiovascular complications are often the most dificult to man-
age in patients with associated respiratory insuficiency. The low 
cardiac output syndrome and postoperative cardiac dysrhythmias 
may be life-threatening. Invasive hemodynamic monitoring may 
be needed to assist in diagnosis and luid management therapy. 
Other diagnostic modalities, such as echocardiography, may be 
required to rule out the presence of pericardial effusions or tam-
ponade after opening the pericardium during certain types of tho-
racic surgical procedures. The low cardiac output syndrome must 
be differentiated from hypovolemia resulting from intrathoracic 
hemorrhage, tamponade, pulmonary emboli, or the effects of 
mechanical ventilation with PEEP. Postoperative luid adminis-
tration can lead to pulmonary edema resulting from the resection 
of lung tissue and the concomitant reduction of the pulmonary 
vascular bed. Re-expansion of a chronically collapsed lung may 
in some cases lead to re-expansion pulmonary edema (RPE); 
rapid re-expansion and drainage of large amounts of pleural luid 
increase the risk for RPE.231 A postoperative pulmonary embolism 
can originate from the remaining pulmonary artery stump. Thera-
peutic interventions for postoperative myocardial dysfunction 
include inotropic drugs, vasodilators, and combinations of these 
drugs, as needed, to improve ventricular function. The goal is to 
shift the Starling function curve up and to the left by reducing 
preload of either the left or right side of the heart and increasing 
cardiac output. Vasodilators are very effective at decreasing right 
ventricular afterload and improving right ventricular function 
because this side of the heart is especially afterload-dependent. 
Combinations of inotropes and vasodilators, such as dopamine 
and nitroglycerin, or combined drugs, such as milrinone, can be 
especially useful in the treatment of right-sided heart failure.

Postoperative cardiac dysrhythmias are common after tho-
racic surgery. Patients following pulmonary resection have post-
operative supraventricular tachycardias with a frequency and 
severity proportional to both their age and the magnitude of the 
surgical procedure. Many factors contribute to these dysrhyth-
mias, including underlying cardiac disease, degree of surgical 
trauma, intraoperative cardiac manipulation, stimulation of the 
sympathetic nervous system by pain, a reduced pulmonary vascu-
lar bed, effects of anesthetics and cardioactive drugs, and meta-
bolic abnormalities.

In a series of 300 thoracotomies for lung resection, atrial ibrilla-
tion occurred in 20% of patients with malignant disease but in only 
3% with benign disease.232 A similar incidence of dysrhythmias is 
observed after pneumonectomies. Multifocal atrial tachycardia 
often occurs in patients with COPD and concomitant right-sided 
cardiac dysfunction. The right side of the heart may be further 
strained by the reduction in the size of the pulmonary vasculature 
from the lung resection, especially after right pneumonectomy. 
Historically, the primary antidysrhythmic drug was used to treat 
atrial tachycardias in thoracic surgical patients. The prophylactic 
use of digitalis in thoracic surgical patients is controversial, particu-
larly in patients with signs of congestive heart failure. Arguments 
against its use include the potential toxic effects of the drug and the 
dificulty in assessing adequacy of digitalization in the absence of 
heart failure. A prospective, placebo-controlled, randomized study 
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demonstrated no advantage to prophylactic digitalization of 
patients undergoing thoracic surgery.233 Part of the argument for its 
use is the drug’s eficacy in reducing the incidence of potentially 
fatal complications in older patients. In some studies, it has been 
reported to reduce the incidence of perioperative dysrhythmias. If 
digitalis therapy is to be instituted, normokalemia should be 
ensured to reduce the likelihood of digitalis toxicity.

More recently, newer drugs have replaced digitalis for dysrhyth-
mia control. Supraventricular tachycardias can also be treated with 
other agents such as β-blockers or calcium-channel–blocking drugs, 
after ruling out underlying reversible physiologic abnormalities, 
such as hypoxia. Verapamil has been the standard treatment for 
these problems until the introduction of the ultrashort-acting  
β-blocker, esmolol. Esmolol has been shown to be equally effec-
tive in controlling the ventricular rate in patients with postop-
erative atrial ibrillation or lutter and in increasing the conver-
sion rate to regular sinus rhythm from 8% to 34%. Owing to its 
short duration of action (β elimination half-life of 9 minutes) 
and β1-cardioselectivity, it is the drug of choice in the postopera-
tive period to control these dysrhythmias. Esmolol, in an intra-
venous loading dose of 500 µg/kg given over 1 minute followed 
by an infusion of 50 to 200 µg/kg/min, has been shown to be 
effective in the control of supraventricular tachycardias. Amio-
darone has been reported to be effective in restoring and main-
taining sinus rhythm.234

Bleeding and Respiratory Complications

Hemorrhage and pneumothorax are always major concerns after 
intrathoracic surgery. Because of these problems, interpleural 
thoracostomy tubes with an underwater seal system are routinely 
used after thoracic surgery. Slippage of a suture on any major 
vessel or airway in the chest can lead to the slow or rapid devel-
opment of hypovolemic shock or a tension pneumothorax. 
Drainage of more than 200 mL/hr of blood is an indication for 
surgical re-exploration for hemorrhage. Management of the 
pleural drainage system is fraught with confusion. The chest 
bottles must be kept below the level of the chest, and the tubes 
should not be clamped during patient transport. These tubes can 
be lifesaving, but errors in technique can lead to serious compli-
cations. The creation of a pneumothorax in the nonoperative 
chest by central venous catheter placement is very hazardous 
because this lung is essential both intraoperatively during one-
lung anesthesia and postoperatively after contralateral lung 
resection. Dehiscence of the bronchial stump may lead to the 
formation of a BPF, which carries a mortality rate of 20%. Surgi-
cal treatment may be needed, in which case ventilation of the 
patient’s lungs may be dificult because of loss of Vt through the 
istula. A double-lumen endobronchial tube positioned in the con-
tralateral main stem bronchus or the use of HFJV may be required 
for safe management. HFJV allows ventilation with lowered peak 
airway pressures. However, there have been reports in which 
ventilation by HFJV was dificult. If a double-lumen endobron-
chial tube is placed, the lung with the istula can be ventilated 
independently with either CPAP or HFJV.

neurologic Complications

Central and peripheral neurologic injuries can occur during 
intrathoracic procedures. Such injuries often result in serious and 
disabling loss of function. Peripheral nerves can also be injured, 
either in the chest or in other parts of the body, by pressure or 
stretching. The nerve injury may be apparent immediately after 
surgery or may not become obvious until several days later. These 
patients often complain of a variety of unpleasant sensations, 

including paresthesias, cold, pain, or anesthesia in the area sup-
plied by the affected nerves. The brachial plexus is especially vul-
nerable to trauma during thoracic surgery, owing to its long 
supericial course in the axilla between two points of ixation, the 
vertebrae above, and the axillary fascia below. Stretching may be 
the primary cause of damage to the brachial plexus, with com-
pression playing only a secondary role. Branches of the brachial 
plexus may also be injured lower in the arm by compression 
against objects such as an ether screen or other parts of the oper-
ating table. Intrathoracic nerves can be directly injured during a 
surgical procedure by being transected, crushed, stretched, or 
cauterized. The recurrent laryngeal nerve can become involved in 
lymph node tissue and injured at the time of a node biopsy, espe-
cially when the biopsy is performed through a mediastinoscope. 
This nerve can also be injured during tracheostomy or radical 
pulmonary dissections. The phrenic nerve may be injured during 
pericardiectomy, radical pulmonary hilar dissections, division of 
the diaphragm during esophageal surgery, or dissection of medi-
astinal tumors.

Prevention is the treatment of choice for these intraoperative 
nerve injuries. Analgesics may be necessary to control postopera-
tive pain in the distribution of the nerve injury and to aid in 
maintaining joint mobility during the healing phase. Subsequent 
surgical procedures may be necessary to move a swollen ulnar 
nerve at the elbow or to stent a partially paralyzed vocal cord.
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