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Pulmonary complications are common after coronary artery
bypass grafting. Identifying those individuals with increased
risk of respiratory complications allows for appropriate preop-
erative intervention. The most commonly seen pulmonary
complications include pleural effusion, hemothorax, atelectasis,
pulmonary edema, diaphragmatic dysfunction, and pneumonia.
Clinical features and appropriate management of these
common problems are discussed. Curr Opin Cardiol 2000, 15:309-315
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Since being introduced in the 1950s, the number of
cardiac procedures performed ecach year has increased
exponentially. Improvements in surgical technique,
shortening of intraoperative pump time, and advances in
the perioperative support of patients with limited
cardiopulmonary reserve have made it possible for these
individuals to survive such stressful interventions. With
the evolution of invasive cardiology, patients with lesser
degrees of disease are often treated in the cardiac
catheterization laboratory, and surgeons now find them-
selves dealing with higher risk patients [1].

Many of these patients have chronic respiratory diseases
that contribute to postoperative complications.
However, pulmonary complications are common even in
patients without underlying pulmonary disease. One
study has shown that nearly 20% of otherwise healthy
patients who underwent elective coronary artery bypass
grafting suffered postoperative pulmonary complications
[2]. Because these complications have been shown to
increase hospital costs and prolong length of stay [3,4],
their prevention is of considerable importance.

Risk reduction

Seven core variables (priority of operation, age, prior
heart surgery, sex, left ventricular ejection fraction,
percent stenosis of the left main coronary artery, and
number of major coronary arteries with significant
stenoses) are the most consistent predictors of mortality
after coronary artery surgery. The greatest risk is corre-
lated with the urgency of operation, advanced age, and
one or more prior coronary bypass surgeries. Additional
variables related to mortality include coronary angio-
plasty during index admission; recent myocardial infarc-
tion; history of angina, ventricular arrhythmias, conges-
tive heart failure, or mitral regurgitation; and
comorbidities such as diabetes, cerebrovascular disease,
peripheral vascular disease, chronic obstructive
pulmonary disease, and renal dysfunction [5].

Identifying patients with increased risk of postoperative
pulmonary complications allows for preoperative inter-
ventions to minimize the undesirable effects of such a
significant intervention. Increased pulmonary complica-
tion rates have been associated with a history of ciga-
rette smoking or chronic obstructive pulmonary disease,
hypercapnia, American Society of Anesthesiologists
category two or higher, age greater than 59, weight
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greater than 250 pounds, low serum albumin, or preop-
erative hospital stay greater than 4 days [6-8]. However,
pulmonary function testing is recommended only for
those patients with a history of routine cigarette
smoking or those complaining of dyspnea [9].

Smoking cessation should be a primary goal in
attempts to reduce postoperative pulmonary complica-
tion rates. Smoking more than ten cigarettes per day
doubles the risk for postoperative pneumonia [10]
because ongoing exposure to combustion products
induces mucous gland hypertrophy with excess secre-
tion production, mucous plugging, and resultant atelec-
tasis. The timing of smoking cessation is crucial, with a
minimum of 8 weeks of tobacco avoidance required to
reduce the frequency of complications. Smokers who
quit less than 8 weeks before surgery have higher
complication rates than those who continue to smoke
[11]. Any active infection should be eradicated before
surgery.

It is also necessary to maximally alleviate airflow
obstruction preoperatively. Chronic obstructive
pulmonary disease is associated with an increased risk of
postoperative atelectasis, bronchitis, pneumonia, venti-
latory failure, and prolonged intensive care unit stay.
Preoperative optimization of medical therapy such as
inhaled bronchodilators, inhaled or systemic steroids,
antibiotics, smoking cessation, and chest physiotherapy
can reduce this risk [12,13]. Individuals refractory to
preoperative intensification of therapy have particularly
high rates of postoperative respiratory failure and
prolonged mechanical ventilation [14].

Asthmatics should be asked about symptoms suggesting
suboptimal control such as nocturnal awakenings,
declining maximal peak expiratory flows, or escalating
reserve inhaler use. Because preoperative steroid use
(inhaled or oral) does not increase the incidence of post-
operative pulmonary complications in asthmatics [15],
the most recent National Institutes of Health expert
panel recommends that corticosteroid therapy be
considered pre- and postoperatively [16]. The use of
prednisone, 1 mg/kg (up to 60 mg) daily for 3-7 days
preoperatively, or hydrocortisone 100 mg every 8 hours
perioperatively, and a rapid taper over 1 week after
surgery, is not associated with an increase in wound
complication, adrenal insufficiency, or death [17].

Pulmonary complications

Pleural effusion and hemothorax

The incidence of pleural effusions varies, depending
on surgical technique and the diagnostic modality, but
is as high as 90% [18]. Pleural effusions are most
commonly small, unilateral, and left-sided [19]. Small
effusions are generally insignificant and resolve sponta-

neously. Larger volumes can cause respiratory compro-
mise by decreasing chest compliance, reducing the
effective volume of ventilation, and contributing to
atelectasis with alteration of the ventilation-perfusion
ratio [20]. Bloody pleural effusions usually occur
earlier, are associated with a higher lactic acid dehydro-
genase level and are frequently eosinophilic. Non-
bloody effusions are usually recurrent, more difficult to
manage and may require anti-inflammatory agents,
tube thoracostomy or pleurodesis [20]. Postoperative
hemothorax is more common in patients undergoing
internal mammary artery grafting. This occurs as a
complication of dissection of the internal mammary
artery during revascularization.

Most postoperative effusions are properly managed with
observation alone. Any patient with a large effusion
causing respiratory compromise should undergo prompt
drainage. Effusions that are moderate-sized, fail to
resolve spontaneously, or are accompanied by fever
should each be sampled by thoracentesis. If the fluid
obtained suggests hemothorax or infection, tube
drainage is required. If not adequately drained, a pleural
peel may form, with eventual trapping of the underlying
lung [21] requiring thoracotomy and decortication. If
thoracotomy is performed it should be done within 10
days of development of the effusion because the plane
between the peel and the lung parenchyma becomes
difficult to dissect after this point.

Atelectasis

Postoperative atelectasis is common, typically being
seen in the lung bases within 48 hours after surgery, and
is generally multifactorial in nature. Impaired mucocil-
iary clearance and bronchospasm lead to small airway
obstruction by secretions with segmental postobstruc-
tion atelectasis. Hypoventilation secondary to use of
narcotics and prolonged breathing at low tidal volumes
caused by pain and splinting also contribute to develop-
ment of atelectasis. In addition, thoracotomy alters chest
wall mechanics and anesthesia can impair lung mechan-
ics, muscular function, and mucociliary clearance.
Compression of lung parenchyma by space-occupying
conditions such as pneumothorax, hemothorax, or
pulmonary effusion further predisposes to development
of atelectasis. It has also been postulated that cold
cardioplegia solution may affect the production and
function of surfactant [22,23].

The risk of atelectasis increases with increasing
number of grafts, longer bypass and operative times,
entrance into the pleural cavity, lower core body
temperature, and failure to use a pericardial insulating
pad [23]. Atelectasis is detrimental to patient recovery
because it reduces lung compliance and vital capacity
with a subsequent impairment in gas exchange. This
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often results in a widened alveolar-arterial oxygen
gradient caused by right-to-left shunting and an
increase in the patient’s work of breathing. In patients
with underlying pulmonary compromise the net effect
is often significant hypoxemia and an increase in
pulmonary infection rates.

Atelectasis is best managed by prevention. Pain should
be adequately controlled to facilitate deep inspiration.
Given the sedation and central respiratory depression
caused by intravenous boluses of opiates, there has been
concern that such a mode of analgesia may blunt respira-
tory drive, causing hypoventilation and atelectasis. As
such, epidural analgesia is now commonly used to mini-
mize the amount of opiate required to provide effective
pain control [24,25]. Although epidural therapy has
failed to provide a statistical improvement in spirometric
values [26], it is clearly superior in providing pain relief
and minimizing side effects [27].

A variety of lung-expansion techniques, including deep
breathing exercises, incentive spirometry, continuous
positive airway pressure (CPAP), and intermittent posi-
tive pressure breathing have each been shown to be
effective in the prevention and treatment of atelectasis
[3,4,28]. The only expiratory maneuver with docu-
mented efficacy has been forced coughing. In compliant
patients deep breathing exercises and incentive spirom-
etry have been shown to reduce the frequency of radio-
logically and clinically apparent atelectasis. CPAP
improves pulmonary mechanics more than any other
modality, but because this has not translated into clear
clinical benefit, CPAP is currently recommended only
for patients who are unable to cooperate with deep
breathing exercises or who have limited inspiratory
capacity [29]. CPAP is most effective when applied for
periods of 20 to 30 minutes, at least four times a day.
Because intermittent positive pressure breathing is no
more effective than the other methods, is much more
expensive, and is often poorly tolerated, it is not recom-
mended as first-line therapy [30]. Regardless of the
modality chosen, therapy should be provided as
frequently as possible for the first 4 days postoperatively.

In addition to lung expansion methods, an aggressive
pulmonary toilet, including chest physiotherapy and naso-
tracheal suctioning, is often employed. If atelectasis of an
entire lobe develops or if atelectasis persists more than 24
hours despite less invasive maneuvers, bronchoscopy is
indicated for diagnostic and therapeutic purposes.

Pulmonary edema

Postoperative pulmonary edema is more common in
patients with chronic pulmonary disease or in those with
postoperative infection [31,32]. Because pulmonary
vascular congestion may be caused by impaired left

ventricular function with subsequent elevation of
pulmonary capillary pressure, it is often advisable to
monitor central pressures with a pulmonary artery
catheter for the first 24 hours postoperatively in patients
with significant pulmonary disease. Hemodilution that
occurs with cardiopulmonary bypass may lower oncotic
pressure and contribute to formation of noncardiogenic
pulmonary edema. Because of this, perioperative fluids
should be minimized when possible.

Postoperative pulmonary edema should be aggressively
treated with diuresis, positive inotropes, afterload reduc-
tion, angiotensin-converting enzyme inhibitors, and beta
blockade as tolerated. Oncotic pressure should be
corrected if abnormal. If necessary, patients should be
electively intubated and initiated on mechanical ventila-
tion. Ventilatory support with positive end-expiratory
pressure (PEEP) should be continued until myocardial
function is optimized and the patient can maintain
adequate arterial oxygenation.

Diaphragmatic dysfunction

The effects of diaphragmatic dysfunction are potentially
insignificant in otherwise healthy individuals, but
patients with underlying pulmonary compromise are at
increased risk of atelectasis and hypoxemia. Because
early postoperative myocardial irritability is exacerbated
by hypoxia, it is critical to consider phrenic nerve injury
postoperatively in patients with unexplained hypoxemia.

Because myocardial oxygen demand decreases at lower
temperatures, myocardial cooling confers cardiac protec-
tion intraoperatively. However, application of the cold
cardioplegic solution results in phrenic nerve paralysis
and associated diaphragmatic dysfunction in up to 26%
of patients [33,34]. Use of a pericardial insulating pad to
protect the phrenic nerve as it crosses the pericardium
has been shown to significantly reduce the occurrence of
nerve injury [35]. The time to recovery of diaphragmatic
function varies from 30 days to 2 years, with 78% of
patients regaining function at 1 year, and 97% recover-
ing within 2 years [33].

Diaphragmatic dysfunction also occurs from other causes
[23]. Direct injury to the phrenic nerve during mobiliza-
tion of the internal mammary artery results in diaphrag-
matic dysfunction in almost 40% of patients [33].
Interruption of the blood supply to the phrenic nerve
during mobilization of the internal mammary artery has
also been described [36]. There are now numerous case
reports of bilateral phrenic nerve injury. The occurrence
of this complication is associated with significant morbid-
ity and prolonged ventilator support [37,38]. Patients
with chronic obstructive pulmonary disease who incur
phrenic nerve injury after coronary artery bypass have a
higher incidence of reintubation (23%), greater reduction
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in forced expiratory volume in one second, and more
frequent hospital readmissions [39].

Infection with herpes simplex virus (HSV) and
cytomegalovirus infection (CMV) following cardiac
surgery has been increasingly recognized as a serious
problem associated with increased morbidity and mortal-
ity [47-49]. The clinical manifestations can range from
asymptomatic viral shedding to persistent fevers, refrac-
tory bronchospasm, and difficulty weaning from mechan-
ical ventilation [50,51].

Pneumothorax

Pneumothorax is a frequent complication of open heart
surgery and is more common if postoperative mechani-
cal ventilation is prolonged or if high levels of PEEP are
required. Patients who suffer other postoperative
pulmonary complications are more prone to develop
concurrent pneumothorax. Infection weakens the alveo-
lar endothelium and predisposes to alveolar rupture.
Atelectasis causes overdistention of normal alveoli, also
predisposing to alveolar rupture. Pneumomediastinum
and/or subcutaneous emphysema often precede pneu-
mothorax and should heighten awareness of a possible
case of pneumothorax.

Pneumothoraces may develop tension with resultant
chest pain, restlessness, hypoxemia, hypotension, and
electrocardiogram changes consistent with ischemia.
These findings may be attributed to a myocardial infarc-
tion or cardiac tamponade with initiation of inappropri-
ate therapy while the unrecognized pneumothorax
continues to increase in size. Therapy of a postoperative
pneumothorax includes discontinuation of PEEP and
maneuvers to decrease the drive pressure in mechani-
cally ventilated patients. A chest tube should be placed
if the pneumothorax is large, develops tension, or if the
patient cannot be effectively ventilated.

Pulmonary infection

Pneumonia has an incidence of approximately 20% in
patients undergoing coronary artery bypass grafting [2].
The risk of pneumonia is doubled in patients who are
active smokers [10] and in those with postoperative
atelectasis. Introduction of organisms into the normally
sterile lower respiratory tract is caused by microaspira-
tion of oropharyngeal contents. This can occur during
intubation, at any time while the endotracheal tube is in
place, or postoperatively with excess sedation [40,41].
An increased length of preoperative hospital stay
increases the likelihood of colonization by virulent
hospital-acquired gram-negative bacilli, which are diffi-
cult to treat secondary to rising levels of resistance
[6,42]. However, preoperative antibiotic decontamina-
tion of the gastrointestinal tract has consistently been
ineffective.

Increasing gastric pH by gastric acid suppression or
inhibition favors gastric colonization and more
frequent inoculation of the respiratory tree. This has
resulted in increased rates of pneumonia in these
patients [43]. At present, recommendations to reduce
postoperative pneumonia are limited to preoperative
smoking cessation and prevention of postoperative
atelectasis. Because the physiologic stress of open
heart surgery is associated with viral reactivation and
superinfection [44-46], any pneumonia or tracheo-
bronchitis not responding to empiric antibacterial
therapy should prompt an investigation for a viral
etiology.

Infection with herpes simplex virus (HSV) and
cytomegalovirus infection (CMV) after cardiac surgery
has been increasingly recognized as a serious problem
associated with increased morbidity and mortality
[47-49]. The clinical manifestations can range from
asymptomatic viral shedding to persistent fevers, refrac-
tory bronchospasm, and difficulty weaning from mechan-
ical ventilation [50,51].

Pulmonary embolism

After cardiac surgery, patients are at increased risk of
pulmonary embolism secondary to hypercoagulability,
immobility during surgery, and surgical trauma to the
lower extremities during saphenous vein graft harvest-
ing. Despite this, pulmonary embolism is uncommon
following cardiac surgery, with a published incidence of
approximately 3% [52,53]. However, patients with
pulmonary emboli postoperatively have a mortality rate
nearing 20% [54] and invariably have a prolonged hospi-
talization. Patients with chronic lung disease and limited
exercise tolerance are particularly predisposed to
pulmonary embolism.

Sudden onset of dyspnea demands a rapid diagnostic
evaluation because the differential diagnosis includes
such life-threatening conditions as pneumothorax,
pericardial tamponade, and myocardial infarction. If
less invasive modes are not diagnostic, pulmonary
artery angiography should be considered. Therapy is
preventative, with early ambulation for all patients who
are able to tolerate it. The use of sequential pneumatic
compression stockings until the patient is fully ambu-
latory has been show to further reduce the risk of
pulmonary embolism [55].

Respiratory failure

Some degree of arterial hypoxemia is expected postop-
eratively due to reductions in total lung capacity, func-
tional residual capacity, residual volume, and lung
compliance, with a concurrent increase in pulmonary
vascular resistance. Anesthesia, analgesia, and muscle
relaxants depress respiration centrally and at the level of
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the respiratory musculature. All these factors increase
the work of breathing and oxygen demand.
Intrapulmonary shunting develops as collapsed alveoli
in regions of atelectasis are perfused. In patients with
postoperative anemia or limited cardiopulmonary
reserve, significant tissue hypoxia often results. As such,
it is clear why patients with underlying pulmonary
pathology and limited reserve are at higher risk of post-
operative respiratory failure.

Cardiopulmonary bypass also leads to activation of
complement, neutrophils, monocytes, macrophages,
platelets, and endothelial cells [56]. A systemic inflam-
matory response can result from any of four forms of
tissue injury: contact of blood components with artificial
surfaces of the bypass circuit, ischemia-reperfusion
injury, endotoxemia, or operative trauma. This systemic
inflammatory response can cause various degrees of
acute lung injury with the most severe form being acute
respiratory distress syndrome. The majority of patients
do not develop a clinically significant acute lung injury
and less than 1% will develop acute respiratory distress
syndrome. A recent prospective, randomized study
suggested that the widened alveolar-arterial oxygen
gradient associated with cardiac surgery is due to factors
other than use of cardiopulmonary bypass [57].

The entity commonly called post-perfusion lung
syndrome is likely a single point on the spectrum of
acute lung injury. Its incidence is related to the dura-
tion of total ischemia-reperfusion time and is more
common when pump time is greater than 2 hours.
Clinically patients develop tachycardia, tachypnea, and
progressive respiratory distress. Chest radiographs
range from clear to asymmetric bilateral infiltrates. The
alveolar-arterial oxygen gradient is widened and histo-
logic specimens resemble acute respiratory distress
syndrome. Proposed inciting events include pump-
induced hemolysis with hemolyzed blood precipitating
pulmonary vasculitis and reduction of surfactant or an
immune response by the patient’s leukocytes to the
foreign proteins in transfused blood. Therapy is gener-
ally supportive, with early initiation of mechanical
ventilation and application of PEEP. Corticosteroid
therapy is reportedly beneficial.

Postpericardiotomy syndrome

This entity is characterized by the onset of fever, pleu-
ropericarditis, and parenchymal infiltrates approximately
3 weeks after injury to the pericardium of myocardium.
This injury is hypothesized to cause an immune reaction
against antigenic proteins released into the circulation
during surgery. Postpericardiotomy syndrome has been
seen after myocardial infarction, cardiac surgery, chest
trauma, pacemaker implantation, and angioplasty. For
unclear reasons the postpericardiotomy syndrome is

seen more frequently after cardiac surgery than after
myocardial infarction, with one study showing an inci-
dence of 30% after surgical intervention [58].

The pathogenesis of this syndrome is unclear, but because
many patients have antiheart antibodies an autoimmune
etiology has been hypothesized [53]. It is possible that a
concurrent viral infection may be necessary to trigger such
an immune response because peak incidence correlates
with the seasonal variation of viral infections [59,60].

Diagnosis is established by the clinical picture and by
ruling out congestive heart failure, pulmonary
embolism, and pneumonia. The most common present-
ing symptoms include fever, cough, pleuritic chest pain,
and dyspnea. Leukocytosis and an elevated erythrocyte
sedimentation rate are common findings. Evidence of
pericarditis, including a friction rub and effusion, are
nearly universal. The chest x-ray is almost always abnor-
mal, with pleural effusions seen in 83% of patients [61].
Pulmonary parenchymal infiltrates are present in as
many as 75% of patients, most commonly involving the
left lower lobe [61].

Patients usually have good clinical responses to anti-
inflammatory agents such as aspirin and indomethacin.
Corticosteroids may be necessary in the more severe
forms. Prompt diagnosis and therapeutic intervention
are required to prevent premature graft closure [57] and
to prevent iatrogenic complications from inappropriate
therapy such as cardiac tamponade due to anticoagula-
tion for presumed pulmonary embolism. Therapy with
prednisone 30 mg daily for a week followed by a taper
over five weeks and 600 mg aspirin four times daily
reduced the graft occlusion rate from 86% to 16% [62].

Conclusions

Although pulmonary complications are common after
coronary artery bypass grafting, several risk factors permit
the identification of individuals with increased risk.
Identifying this patient subset allows for interventions to
minimize adverse outcomes. A clear understanding of the
most common respiratory complications allows for earlier
identification of complications, prompt intervention, and
reduced adverse effect on patient outcomes.

Acknowledgment

The authors thank Margie Galkowski for secretarial assistance.

References and recommended reading

Papers of particular interest, published within the annual period of review,
have been highlighted as:

* Of special interest

*« Of outstanding interest

1 Estafanous FG, Loop FD, Higgins TL, et al.: Increased risk and decreased
morbidity of coronary artery bypass grafting between 1986 and 1994. Ann
Thorac Surg 1998, 65:383-389.



314 Diseases of the aorta

Warner MA, Divertie MB, Tinker JH: Preoperative cessation of smoking and
pulmonary complications in coronary artery bypass patients.
Anesthesiology 1984, 60:380-383.

Celli BR, Rodriquez K, Snider GL: A controlled trial of intermittent positive
pressure breathing, incentive spirometry and deep breathing exercises in
preventing pulmonary complications after abdominal surgery. Am Rev Resp
Dis 1984, 130:12-15.

Stiller K, Montarello J, Wallace M, et al.: Efficacy of breathing and coughing
exercises in the prevention of pulmonary complication after coronary artery
surgery. Chest 1994, 105:741-747.

Eagle KA, Guyton RA, Davidoff R, et al.: ACC/AHA Committee Members:
ACC/AHA guidelines for coronary artery bypass graft surgery: executive
summary and recommendations. A report of the American College of
Cardiology/American Heart Association Task Force on Practice Guidelines
(Committee to Revise the 1991 Guidelines for Coronary Artery Bypass
Graft Surgery). Circulation 1999, 100:1464-1480.

Comprehensive guidelines by expert panel with excellent discussion of manage-
ment strategies and complications.

6

10

11

12

13

14

15

16

17

18

19

20

.

Garibaldi RA, Britt M, Coleman ML, et al.: Risk factors for postoperative
pneumonia. Am J Med 1981, 70:376-382.

Hall JC, Tarala RA, Hall JL, et al.: A multivariate analysis of the risk of
pulmonary complication after laparotomy. Chest 1991, 99:923-927.

Svensson LG, Hess KR, Coselli JS, et al.: A prospective study of respira-
tory failure after high-risk surgery on the thoracoabdominal aorta. J Vasc
Surg 1991, 14:271-282.

American College of Physicians: Preoperative pulmonary function testing.
Ann Int Med 1990, 112:793-794.

Morton HJV: Tobacco smoking and pulmonary complications after opera-
tion. Lancet 1944, 1:368-370.

Warner MA, Offord KP, Warner ME, et al.: Role of preoperative cessation
of smoking and other factors in postoperative pulmonary complications: a
blinded prospective study of coronary artery bypass patients. Mayo Clin
Proc 1989, 64:609-616.

Stein M, Cassara EL: Preoperative pulmonary evaluation and therapy for
surgery patients. JAMA 1970, 211:787-790.

Tarhan S, Moffitt EA, Sessler AD, et al.: Risk of anesthesia and surgery in
patients with chronic bronchitis and chronic obstructive pulmonary disease.
Surgery 1973, 74:720-726.

Gracey DR, Divertie MB, Didier EP: Preoperative pulmonary preparation of
patients with chronic obstructive pulmonary disease: a prospective study.
Chest 1979, 76:123-129.

Pien LC, Grammer LC, Patterson R: Minimal complications in a surgical
population with severe asthma receiving prophylactic corticosteroids. J
Allergy Clin Immunol 1988, 82:696-700.

National Heart, Lung, and Blood Institute: National Asthma Education
Program: guidelines for the diagnosis and management of asthma. Expert
Panel Report. J Allergy Clin Immunol 1991, 88:425-534.

Kabalin CS, Yarnold PR, Gramer LC: Low complication rate of corticos-
teroid-treated asthmatics undergoing surgical procedures. Arch Intern Med
1995, 155:1379-1384.

Vargas FS, Cukier A, Hueb W, et al.: Relationship between pleural effusion
and pericardial involvement after myocardial revascularization. Chest 1994,
105:1748-1752.

Peng MJ, Vargas FS, Cukier A, et al.: Postoperative pleural changes after
coronary revascularization: comparison between saphenous vein and inter-
nal mammary artery. Chest 1992, 101:327-330.

Light RW, Rogers JT, Cheng D, et al.: Large pleural effusions occurring
after coronary artery bypass grafting. Ann Intern Med 1999, 130:891-896.

Retrospective case series of 3707 patients who had CABG found large effu-
sions that occupied more than 25% of hemithorax in only 29 patients (0.78%).

21

22

23

24

Kollef MH: Trapped lung syndrome after cardiac surgery: a potentially
preventable complication of pleural injury. Heart Lung 1990, 19:671-675.

Matthay MA, Wiener-Dronish JP: Respiratory management after cardiac
surgery. Chest 1989, 95:424-434.

Wilcox P, Baile EM, Hards J, et al.: Phrenic nerve function and its relation-
ship to atelectasis after coronary artery bypass surgery. Chest 1988,
93:693-698.

Conacher ID: Pain relief after thoracotomy. Br J Anaesth 1990,
65:806-812.

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

Kalso E, Perttunen K, Kaasinen S: Pain after thoracic surgery. Acta
Aaesthesiol Scan 1992, 36:96-100.

Robinson RJ, Brister S, Jones E, et al.: Epidural meperidine analgesia after
cardiac surgery. Can Anaesth Soc J 1986, 33:550-555.

Grant RP, Dolman JF, Harper JA, et al.: Patient-controlled lumbar epidural
fentanyl compared with patient-controlled intravenous fentanyl for post-
thoracotomy pain. Can J Anaesthe 1992, 37:S45.

Morran CG, Finlay IG, Mathieson M, et al.: Randomized controlled trial of
physiotherapy for postoperative pulmonary complications. Br J Anaesth
1983, 55:1113-1117.

Pinilla JC, Oleniuk FH, Tan L, et al.: Use of a nasal continuous positive
airway pressure mask in the treatment of postoperative atelectasis in aorto-
coronary bypass surgery. Crit Care Med 1990, 18:836-840.

Ali J, Serrette C, Wood LDH, et al.: Effects of postoperative positive pres-
sure breathing on lung function. Chest 1984, 85:192-196.

Kumar A, Falke KJ, Geffin B, et al.: Continuous positive-pressure ventilation
in acute respiratory failure, effects of hemodynamics and lung function.
NEJM 1970, 283:1430-1436.

McCredie RM: Pulmonary edema in lung disease. Br Heart J 1970,
32:66-70.

Curtis JJ, Nawarawong W, Walls JT, et al.: Elevated hemidiaphragm after
cardiac operations: incidence, prognosis, and relationship to the use of
topical ice slush. Ann Thoracic Surg 1989, 48:764-768.

Efthimiou J, Butler J, Woodham C, et al.: Diaphragm paralysis following
cardiac surgery: Role of phrenic nerve cold injury. Ann Thorac Surg 1991,
52:1005-1008.

Esposito RA, Spencer FC: The effect of pericardial insulation on hypother-
mic phrenic nerve injury during open-heart surgery. Ann Thoraicc Surg
1987, 43:303-308.

Abd AG, Braun NMT, Baskin MI, et al.: Diaphragmatic dysfunction after
open heart surgery: treatment with a rocking bed. Ann Int Med 1989,
111:881-886.

Brown KA, Hoffstein V, Byrick RJ: Bedside diagnosis of bilateral diaphrag-
matic paralysis in a ventilator-dependent patient after open-heart surgery.
Anesth Analg 1985, 64:1208-1210.

Burgess RW, Boyd AF, Moore PG, et al.: Postoperative respiratory failure
due to bilateral phrenic nerve palsy. Postgrad Med J 1989, 65:39-41.

Katz MG, Katz R, Schachner A, Cohen AJ: Phrenic nerve injury after coro-
nary artery bypass grafting: will it go away? Ann Thoracic Surg 1998,
65(1):32-35.

Retrospective study evaluating the causes and effects of persistent phrenic
nerve injury after coronary artery bypass grafting.

40

41

42

43

44

45

46

47

48

Huxley EJ, Viroslav J, Gray WR, et al.: Pharyngeal aspiration in normal
adults and patients with depressed consciousness. Am J Med 1978,
64:564.

Spray SB, Zuidema GD, Cameron JD: Aspiration pneumonia: incidence of
aspiration with endotracheal tubes. Am J Surg 1976, 131:701.

Valenti VM, Trudel RG, Bently DW: Factor predisposing to oropharyngeal
colonization with gram-negative bacilli in the aged. NEJM 1978,
298:1108-1111.

Gaynes R, Bizek B, Mowry-Hanley J, et al.: Risk factors for nosocomial
pneumonia after coronary artery bypass graft operations. Ann Thorac Surg
1991, 561:215.

Breyer RH, Andrews RI, Mills SA, et al.: Probable herpes simplex pneumo-
nia after aortic valve replacement. JAMA 1983, 249:1319-1322.

Camazine B, Antkowiak JG, Nava ME, et al.: Herpes simplex viral pneumo-
nia in the postthoracotomy patient. Chest 1995, 108:876-879.

Ghattas MA: Pulmonary dysfunction after coronary artery bypass surgery.
Cleve Clin Q 1981, 48:218-220.

Klainer AS, Ovd L, Ranazzo J, et al.: Herpes simplex virus involvement of
the lower respiratory tract following surgery. Chest 1994, 106:8S-14S.

Cook C, Yenchar JK, Kraner TO, et al.: Occult herpes family viruses may
increase mortality in critically ill surgical patients. Am J Surg 1998,
176:357-360.

Retrospective analysis of 20 postoperative patients with “persistent sepsis” and
CMV (n=12) or HSV (n=8) isolation. Mean time for positive culture was 30 + 5



Pulmonary complications after coronary revascularization Schuller and Morrow 315

days for CMV and 17 £ 3 days for HSV. All patients received numerous blood
transfusions, were lymphopenic, and had persistent fevers.

49 Domart Y, Trouillet JL, Fagon JY, et al.: Incidence and morbidity of
cytomegaloviral infection in patients with mediastinitis following cardiac
surgery. Chest 1990, 97:18-22.

50 Schuller D, Spessert C, Fraser VJ, Goodenberger DM: Herpes simplex
virus from respiratory tract secretions: epidemiology, clinical characteris-
tics, and outcomes in immunocompromised versus nonimmunocompro-
mised hosts. Am J Med 1993, 94:29-33.

51 Sherry MK, Klainer AS, Wolff M, Gerhard H: Herpetic tracheobronchitis.
Ann Intern Med 1988, 109:229-233.

52 Josa M, Siouffi SY, Silverman AB, et al.: Pulmonary embolism after cardiac
surgery. J Am Coll Cardiol 1993, 21:990-996.

53 Wisoff BG, Hartstein ML, Aintablian A, et al.: Risk of coronary artery
surgery: two hundred consecutive patients with no hospital deaths. J
Thorac Cardiovasc Surg 1975, 69:669-673.

54 Hanson EC, Levine FG: Hyperlipidemia as a significant risk factor for
pulmonary embolism in patients undergoing coronary artery bypass graft-
ing. Ann Thorac Surg 1982, 33:593-598.

55 Ramos R, Salem B, De Pawlikowski MP, et al.: The efficacy of pneumatic
compression stockings in the prevention of pulmonary embolism after
cardiac surgery. Chest 1996, 109:82-85.

56 Asimakopoulos G, Smith PLC, Ratnatunga CP, et al.: Lung injury and acute

es  respiratory distress syndrome after cardiopulmonary bypass. Ann Thorac
Surg 1999, 68:1107-1115.

Review article summarizes the recent literature on the molecular and cellular

mechanisms involved in the phenomenon of pulmonary dysfunction after

cardiopulmonary bypass. It also summarizes data on prevalence and mortality of

acute respiratory distress syndrome after cardiac surgery.

57 Cox CM, Ascione, Cohen AM, et al.: Effect of cardiopulmonary bypass on

. pulmonary gas exchange: a prospective randomized study. Ann Thoracic
Surg 2000, 69:140-145.

Fifty-two patients prospectively randomized to undergo coronary revasculariza-

tion with or without normothermic cardiopulmonary bypass. The alveolar-arterial

oxygen gradients increased perioperatively, with no significant differences in the

two groups at any time during the study.

58 Engle MA, Zabriskie JB, Senterfit LB, et al.: Post-pericardiotomy syndrome: a
new look at an old condition. Mod Concepts Cardiovasc Dis 1975, 44:59-64.

59 De Scheerder |, De Buyzere M, Robbrecht J, et al.: Postoperative immuno-
logic response against contractile proteins after coronary bypass surgery.
Br Heart J 1986, 56:440-444.

60 Khan AH: The postcardiac injury syndromes. Clin Cardiol 1992, 15:67-72.

61 Stelzner TJ, King TE, Antony VB, et al.: The pleuropulmonary manifestations
of the postcardiac injury syndrome. Chest 1983, 84:383-387.

62 Urschel HC, Razzuk MA, Gardner M: Coronary artery bypass occlusion
secondary to postcardiotomy syndrome. Ann Thorac Surg 1976,
22:528-531.



