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3,300 live births in the white population, making it
the most common life-threatening inherited dis-
ease in the United States.1,2 The prevalence of cys-
tic fibrosis varies with ethnicity; it is less common
among Asian Americans (1 in 32,100 live births)
and African Americans (1 in 15,300 live births)
(Table 1).1

Advances in medical care have allowed many
patients with cystic fibrosis to survive into adult-
hood. When the disease was first described in the
1930s, the median age of survival for a person with
cystic fibrosis was less than 1 year. The most recent
statistics from the Cystic Fibrosis Foundation indi-
cate a median survival age of 31 years, and it is esti-
mated that children born in the 1990s will have a
median survival of 40 years.1-4

In 1989, the gene mutation that causes cystic
fibrosis was localized to a specific locus on the
long arm of chromosome 7.5 This gene encodes a
protein product that functions as a chloride chan-
nel and as a regulator of other ion channels at
epithelial cell surfaces.6 The protein product is
called the cystic fibrosis transmembrane conduc-
tance regulator (CFTR). As a result of the CFTR
gene mutation, a defect in the secretory process
for sodium, chloride, and water occurs across
epithelia lining the pancreas, sweat glands, intes-
tine, biliary system, reproductive and respiratory
tracts, and salivary glands. The aberrant proper-

Cystic fibrosis is a recessive inherited
disorder that affects about 30,000
Americans. The majority of infants born
with cystic fibrosis now reach adulthood,
making surgical procedures performed in
this patient group more common. The
disease is a heterogeneous disorder caused
by widespread dysfunction of exocrine
glands and involving salivary, sweat, diges-
tive, and pulmonary secretions. The broad,
variable, and sometimes confusing array of
clinical manifestations of cystic fibrosis
include obstructive pulmonary disease,
pancreatic insufficiency, abnormally high
sweat electrolyte concentrations, nasal
polyps, infertility, and pansinusitis.

In this article, the epidemiology, genetics,
and pathophysiology of the disease are
outlined briefly. Preoperative assessment is
reviewed, and guidelines are submitted
regarding anesthetic management.
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Introduction
Cystic fibrosis is a non–sex-linked autosomal reces-
sive disease that occurs in approximately 1 in
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ties of the chloride channel disrupt osmotic gradi-
ents and transluminal potential differences, result-
ing in abnormally viscid secretions and obstruc-
tion of organ passages.7

Cystic fibrosis is expressed when both the
alleles that carry the gene mutation are inherited,
1 from each parent. Approximately 5% of the
white population are heterozygote carriers of the
defective gene for cystic fibrosis. Homozygotes
manifest the cystic fibrosis syndrome fully, while
heterozygote carriers have no recognizable clinical
symptoms.8

Diagnosis of cystic fibrosis
The diagnosis of cystic fibrosis is based on

sweat chloride measurement, clinical manifesta-
tions, and genetic analysis. Of all cases of cystic
fibrosis, 90% are diagnosed within the first 2 years
of life; the average age at the time of diagnosis is 6
to 8 months.1,9 Neonatal screening for cystic fibro-
sis is performed routinely in some states by meas-
uring immunoreactive trypsinogen on dried blood
spots.10 Diagnostic criteria for cystic fibrosis are
listed in Table 2.

� Sweat chloride levels. The genetic defect in
chloride transport forms the basis for clinical diag-
nosis of cystic fibrosis. Nearly every patient with
cystic fibrosis has markedly elevated sweat chloride
concentrations. The diagnostic standard for cystic
fibrosis is a sweat chloride concentration of 60
mEq/L or more.11 Often the mother seeks medical
attention because her infant tastes “salty.” Despite
increased sweat electrolyte levels, serum electrolyte
levels are not usually altered, due to normal adre-
nal and renal functions.12 Excessively hot weather,
however, can predispose children, especially young
children with cystic fibrosis, to hypochloremic alka-
losis, hyponatremia, and dehydration.13

� Genetic testing. Since its discovery in 1989,
more than 600 mutations of the CFTR gene have
been identified.1 The most common gene mutation
is a deletion of phenylalanine at amino acid posi-
tion 508 (“∆F508”). Current techniques can detect
approximately 87% of known cystic fibrosis gene
mutations, but because mutation ascertainment is
incomplete, deoxyribonucleic acid (DNA) analysis
is not used routinely for primary diagnosis.13

DNA analysis and demonstration of homozy-
gous CFTR mutations can be useful for patients in
whom the clinical diagnosis of cystic fibrosis is
equivocal.14 In select cases, such as persons with a
family history of cystic fibrosis, genetic analysis is
used to screen potential carriers. In utero amnio-
centesis and chorionic villi sampling with DNA
analysis are available to couples seeking prenatal
diagnosis, and genetic analysis for carrier detec-
tion is used by couples in the preconception
period to make informed decisions.1

� History and physical examination. Cystic
fibrosis is a multisystem disease with remarkable
variability in manifestations, severity, and rate of
disease progression (Table 3). Some symptoms
associated with cystic fibrosis may be apparent at
birth (meconium ileus), but more commonly
symptoms appear during the first year of life.
Exocrine pancreatic insufficiency is an early mani-
festation in a large majority of patients with cystic
fibrosis.10,13 Early clinical features include steator-
rhea, abdominal distention, and failure to thrive.
Respiratory tract involvement, in the form of
mucus plugging and inflammatory infiltrates in
the lungs, is present in 50% of patients by 4
months of age.16 Recurrent pulmonary infections,
chronic cough, obstructive pulmonary disease,
malnutrition, hepatic cirrhosis, cor pulmonale,
and intestinal obstruction may plague patients
with cystic fibrosis throughout their lives.17,18

Table 1. Incidence of cystic fibrosis in various

American populations*

Group Incidence

White 1 in 3,300
Hispanic 1 in 9,500
African American 1 in 15,300
Asian American 1 in 32,100
Native American 1 in 3,970 (Pueblo)

1 in 1,580 (Zuni)

*Adapted from National Institutes of Health.
1

Table 2. Criteria used to diagnose cystic fibrosis

1. History and Physical examination
� Pulmonary manifestations
� Gastrointestinal manifestations
� A history of cystic fibrosis in the immediate family

2. Sweat chloride levels
� Concentration ≥60 mEq/L

3. Genetic testing
� Documentation of dual cystic fibrosis transmem-
brane conductance regulator (CTFR) mutation
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Disease course
� Respiratory involvement. Pulmonary changes

are seen in nearly all patients with cystic fibrosis
and constitute the most serious complications of
the disease. All parts of the respiratory tract (nasal
epithelium, sinuses, airways, and lung paren-
chyma) may be affected.19 Pulmonary disorders
stem from the accumulation of a dehydrated vis-
cous mucus in the respiratory air passages. Defi-
cient hydration of the mucus in the lung leads to
defective mucociliary action, airway obstruction,
and the inability of airways to clear bacteria. Bac-
teria that would normally be expectorated colo-
nize the upper and lower respiratory tracts, first
intermittently, then chronically.8 Antibody and
cell-mediated reactions induced by the antigenic
stimuli result in a cycle of inflammation, prote-
olytic destruction of lung parenchyma, loss of sup-
porting tissue, and further airway obstruction.8,14,19

The DNA of disrupted leukocytes further thickens

the abnormal mucus, leading to additional bron-
chial plugging. Airway hyperreactivity often devel-
ops in concert with the immune response.20

With advanced disease, ventilation-perfusion
abnormalities occur, gas exchange deteriorates,
and chronic hypoxemia ensues. Hypoxemia leads
to secondary consequences such as pulmonary
hypertension and right ventricular failure (loud
second heart sound, liver enlargement, and
peripheral edema) in some patients. Over time,
recurrent infections and prolonged severe ob-
struction to expiratory airflow produce distended
airways, emphysematous blebs, bronchiectasis,
and purulent bronchitis.

Nasal polyps and inflammation of the nasal
mucosa are found in about 25% of patients, most
commonly during middle childhood.14 Chronic
sinusitis produces headaches and elevated temper-
ature. Nasal polyps may cause nasal obstruction
and epistaxis.6 Pneumothorax occurs in more than

Table 3. Organs affected by cystic fibrosis*

Involved organ Clinical features

Sweat glands Abnormally high levels of sodium and chloride

Cardiovascular Cor pulmonale

Clubbing

Lungs Thick mucoid secretions; impaired ciliary clearance

Recurrent respiratory infection; immune-mediated destruction of
lung tissue; bronchiectasis

Air trapping and lung overinflation

Airway hyperreactivity; bronchospasm

Hemoptysis

Liver and gallbladder Cirrhosis

Portal hypertension

Cholelithiasis

Gastrointestinal tract Meconium ileus

Intestinal obstruction

Rectal prolapse

Eyes, ears, nose, and throat Nasal polyps; nasal obstruction

Sinusitis

Pancreas Blockage of pancreatic ducts; pancreatitis

Loss of pancreatic enzymes (lipase, amylase, proteases); malab-
sorption; vitamin A, D, E, K deficiency

Glucose intolerance

Epididymis Obstruction to sperm flow

Cervix Abnormal cervical mucus viscosity

*Adapted from Wallis
15
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10% of patients; the incidence increases with age
and the severity of the disease. Digital clubbing is
evident in virtually all patients with advanced dis-
ease, but polycythemia is rare, despite hypox-
emia.6,21 Respiratory failure and cor pulmonale are
the terminal events for most patients.

� Pancreatic involvement. Pancreatic manifes-
tations of cystic fibrosis are present in approxi-
mately 85% to 90% of patients and are a promi-
nent feature of the disease.8 The initial pancreatic
lesion is pancreatic duct obstruction by exocrine
gland secretions.19 Blockage of pancreatic ducts
eventually leads to inflammation and atrophy of
the gland, followed by progressive fibrosis and loss
of acinar cells.8,13

Pancreatic insufficiency prevents enzymes
from reaching the intestine, resulting in duodenal
deficiency of amylase, lipase, and pancreatic pro-
teolytic enzymes and producing protein and fat
malabsorption. In addition to malnutrition, mal-
absorption can be associated with the failure to
absorb adequate amounts of the fat-soluble vita-
mins (vitamins A, D, E, and K).13

The endocrine pancreas also may be
involved. Approximately 75% of patients with cys-
tic fibrosis have glucose intolerance, and overt dia-
betes mellitus develops in 7% to 10%. Diabetes is
more common in young adults who take corticos-
teroids, have recurrent infections, or have deterio-
ration in overall clinical status.18,21

� Hepatobiliary disorders. Hepatobiliary com-
plications, such as obstructive cirrhosis, fatty infil-
tration of the liver, and portal hypertension, are
less frequent complications but may develop with
long-standing malnutrition and obstruction of bile
ducts by inspissated bile.17 Cholelithiasis is reported
in up to 12% of older patients.13 Impaired hepatic
synthesis of vitamin K–dependent coagulation fac-
tors II, VII, IX, and X may place patients with cys-
tic fibrosis at an increased risk for hemorrhage.

� Gastrointestinal involvement. Meconium
ileus, thick viscid plugs of mucus obstructing the
small intestine, is a manifestation in 5% to 10% of
patients with cystic fibrosis at birth.8,19 Intermittent
obstruction of the small and large intestines and
rectal prolapse may continue to be a problem
throughout the patient’s life.14,17 Gastroesophageal
reflux has been documented in 12% of adults and
20% of children with cystic fibrosis.13 Reflux may
contribute to airway obstruction and pulmonary
infiltrates in some patients.17

� Metabolic disturbances. Many patients with
cystic fibrosis have a higher than normal caloric
need because of concurrent infection or the

increased work of breathing. The caloric require-
ments may be 1.2 to 1.5 times that required by
healthy people.22 Most patients fall below ideal
body weight as absorption of nutrients does not
keep pace with energy utilization.

� Reproductive disorders. Morphologic ob-
struction or obliteration of the epididymis, semi-
nal vesicles, and vas deferens is responsible for
azoospermia and infertility in 95% of the males
with cystic fibrosis who survive to adulthood.8

Females have reduced fertility due to tenacious
cervical mucus that can obstruct the cervical canal.

Treatment
Aggressive management and the introduc-

tion of new symptomatic treatments may account
for the dramatic increase in survival of patients
with cystic fibrosis.14 Cornerstones of treatment
include chest physiotherapy and exercise to opti-
mize sputum clearance, adequate nutrition to pro-
mote normal growth, and aggressive antibiotic
treatment of infection.17 Lung transplantation has
improved the outlook for many patients.

� Nutritional therapy. Approximately 90% of
patients with cystic fibrosis require pancreatic
enzyme replacement and multivitamin supple-
mentation for adequate nutrition and normal
growth. Occasionally, patients require supplemen-
tal feeding by nasogastric tube or percutaneous
duodenostomy. Optimum nutrition during the
perioperative period is especially critical because
of the implications for wound healing and
immune competence.17

� Pulmonary therapy. Respiratory therapy
interventions include the following:

1. Corticosteroids to treat reactive airway dis-
ease or allergic bronchopulmonary aspergillosis.

2. Antibiotics for infection.
3. Postural drainage and exercise with chest

percussion.
4. Aerosol therapy.
5. Bronchodilators and mucus-controlling

agents.
Pulmonary infection is an important cause of

airway obstruction and loss of lung function in cys-
tic fibrosis.13 Staphylococcus aureus and Pseudomonas
aeruginosa, usually infrequent respiratory tract
pathogens, are the primary organisms involved in
the chronic airway infection of cystic fibrosis.
Pseudomonas aeruginosa infects 80% of patients with
cystic fibrosis by adulthood, and it is virtually impos-
sible to eliminate once it becomes established.

Antibiotic treatment (dicloxacillin, cephalo-
sporins, tetracyclines, quinolones, and penicillin)
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is instrumental in preserving lung function and
controlling progression of the disease.13 Aminogly-
cosides have been the mainstay of antipseu-
domonas treatment for years, but dosage is limited
by severe adverse effects such as nephrotoxicity
and ototoxicity. In 1997, the US Food and Drug
Administration approved tobramycin for inhala-
tion, which has the benefit of providing the drug
in a more concentrated dose directly to the site of
lung infection.

Nebulized amiloride (a sodium channel
blocker) and dornase alfa (a human recombinant
deoxyribonuclease enzyme that breaks down DNA
in sputum) are newer therapeutic strategies that
decrease sputum viscosity and improve mucus
clearance properties.23 Anti-inflammatory medica-
tions, such as corticosteroids and ibuprofen, have
been used with varying success to decrease airway
inflammation and slow the rate of pulmonary
decline.14,23 Other promising experimental drugs
targeted specifically to epithelial cell pathophysi-
ology include phenylbutyrate and duramycin.

� Lung transplantation. Lung transplantation,
first performed for cystic fibrosis in 1985, is an
established option for end-stage cystic fibrosis.
The inability to eradicate all infection in patients
with cystic fibrosis initially tempered enthusiasm
for lung transplantation. In the post-transplant
period when a patient is immunosuppressed, the
remaining infected lung serves as a reservoir of
infection, which may jeopardize the newly trans-
planted lung.24 For this reason, bilateral sequential
lung transplantation has become the procedure of
choice in North America.25 Bilateral lobar trans-
plantation from living donors also has been
accomplished in a small group of patients with cys-
tic fibrosis.25

Transplanted lungs seem to be free of cystic
fibrosis-related pathology, and the 2-year survival
for lung transplantation currently exceeds 50%.6,25

Sadly, because of the extreme shortage of donor
organs, about 40% of patients with cystic fibrosis
listed on the transplant recipient registry die while
awaiting transplantation.24

� Gene therapy. Exciting advances in gene
therapy are being explored. In 1990, scientists
translocated the normal cystic fibrosis gene to cys-
tic fibrosis cells in vitro, successfully conferring
normal properties to the cells. In 1993, in vivo
transfer of the CFTR gene to the respiratory
epithelium of patients with cystic fibrosis was
proven technically possible.1,2 Several different
clinical trials now underway are testing gene deliv-
ery systems (adenovirus and liposomes) and evalu-

ating the effects of multiple doses of gene ther-
apy.2 These findings raise the hope that gene ther-
apy may ultimately be a therapeutic option.1,18

Anesthetic management
Improved survival of patients with cystic

fibrosis has increased the likelihood that the nurse
anesthetist will encounter these patients as surgi-
cal candidates. Surgical procedures commonly
performed on patients with cystic fibrosis include
nasal polypectomy, venous access, bronchoscopy,
pleural stripping, lung transplantation, laparo-
tomy for bowel obstruction, and enteral feeding
procedures.

� Preoperative evaluation. Although several
organ systems are affected by cystic fibrosis, it is
the respiratory dysfunction that is usually of most
concern to the nurse anesthetist, and it is the
major focus of preoperative care.

Efforts should be made to quantitate the level
of disability and extent of cardiopulmonary dis-
ease preoperatively (Table 4). The amount of spu-
tum production and the limitations to physical
activity are important historical features. Small air-
way obstruction, air trapping, and increased lung
volumes are noted early in the course of the dis-
ease, and lung sounds are diminished concomi-
tantly. Preoperative pulmonary function studies
commonly reveal an obstructive pattern of dis-
ease: increased functional residual capacity,
decreased forced expiratory volume in 1 second,
decreased peak expiratory flow rate, and
decreased vital capacity. Pulmonary fibrosis, bron-
chospasm, and intraluminal secretions cause low
ventilation-perfusion ratios, leading to increased
alveolar to arterial oxygen tension differences and
lowered arterial oxygen tensions. Arterial carbon
dioxide tension (PaCO2) is usually low or normal;
the presence of an elevated PaCO2 often indicates
advanced disease.21,26

Every attempt should be made to optimize
the patient’s preoperative cardiopulmonary sta-
tus. Increased cough or wheezing, labored respira-
tions with decreased activity tolerance, a down-
ward trend in pulmonary function, increasing
hypoxemia, and active infection are indications for
hospitalization and intensive pulmonary therapy
before surgery.13 Outcome is favorably affected by
intense preoperative chest physiotherapy and
bronchial clearance techniques that include incen-
tive spirometry, postural drainage, chest percus-
sion, and pathogen-specific antibiotic therapy.

Decreased synthesis of clotting factors by a
diseased liver and impaired absorption of vitamin
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K from the gastrointestinal tract may induce coag-
ulopathy. Prolonged prothrombin time and par-
tial thromboplastin time and a history of bleeding
gums, increased bruising, or hemoptysis should
alert the anesthetist to possible vitamin K defi-
ciency.23 In the well-managed patient with cystic
fibrosis, coagulation is usually normal.21,26 Liver
function tests are useful for screening for hepatic
involvement. Some major perioperative concerns
are listed in Table 5.

The diagnosis of cystic fibrosis imposes
immense emotional, financial, and physical bur-
dens on patients. Time spent preoperatively,
explaining anesthetic procedures, answering ques-
tions, and empathetically addressing concerns, pro-
motes trust and should not be overlooked.

� Preoperative medication. The patient’s rou-
tine medications, particularly bronchodilators,
corticosteroids, and cardiotonic drugs are contin-
ued into the perioperative period.21 Stress dose
corticosteroid coverage should be considered for
the patient receiving supraphysiologic doses. Pre-
operative analgesics, sedatives, and anxiolytics are
used sparingly in patients with cystic fibrosis, as
they may lead to undesirable ventilatory depres-
sion and an impaired ability to clear secretions. It
should be appreciated, however, that chronic pain
is a common problem in patients with cystic fibro-
sis and that carefully titrated analgesics may be
appropriate for patients with chronic pain and for
selected patients whose surgical condition is asso-
ciated with pain.27 Consideration also should be
given to the fact that opioid-induced constipation
and abdominal distention may compromise respi-
ratory function. Stool softeners and osmotically
active laxatives, used prophylactically, will help

prevent constipation and obstruction during the
postoperative period.17

The presence of viscid mucus in this patient
group makes routine use of a preoperative anti-
sialagogue potentially deleterious. Use of hista-
mine-2 receptor antagonists and antacid premed-
ication is recommended, as the incidence of
gastroesophageal reflux is high.17

Perioperative insulin therapy usually is not
required, except when high-dose corticosteroids
are used for immunosuppression of transplant
recipients. Careful control of glucose administra-
tion is advised.

� Equipment and monitoring. Anesthesia mon-
itors should include routine electrocardiogram,
oximetry, and capnography. Advanced hemody-
namic monitoring may be indicated based on the
individual patient’s condition and the surgical
procedure. Baseline pulse oximetry, checked with
the patient breathing room air, provides realistic
expectations of the level of oxygenation in the
perioperative period. Arterial blood gas determi-
nations are indicated for patients with severe dis-
ease. Blood glucose concentrations should be
monitored at frequent intervals.

Most patients with cystic fibrosis are under-
weight and are vulnerable to heat loss. The
increased oxygen consumption that results from
postoperative hypothermia may dangerously
stress the patient with ventilatory limitations or
oxygenation impairment; therefore, all measures
used to maintain normothermia should be imple-
mented in the perioperative period.

Table 4. Suggested preoperative tests*

All cases When indicated

Chest radiograph Coagulation screen
Pulmonary function Arterial blood gas levels
tests
Blood glucose level Electrocardiogram
Sputum culture and Echocardiography
sensitivity
Liver function tests
Serum electrolyte levels
Complete blood cell count

*Adapted from Walsh and Young
21

Table 5. Major perioperative concerns in

patients with cystic fibrosis

� Pneumothorax
� Ventilation-perfusion abnormalities
� Atelectasis
� Hypoxemia
� Obstructive pattern of ventilation; air trapping
� Copious tenacious secretions
� Airway hyperreactivity
� Gastroesophageal reflux
� Cor pulmonale
� Coagulopathy
� Glucose intolerance
� Nutritional and hydration status
� Emotional and psychological effects of surgery
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The anesthetist must be vigilant for changes
in ventilating pressures and breath sounds as
patients with cystic fibrosis are at risk for rupture
of emphysematous bullae, resulting in pneumo-
thorax. Because the risk of pneumothorax is high
in patients with severe disease, nitrous oxide
should be omitted in favor of an air-oxygen mix-
ture.

� Induction. A patient history of clinically sig-
nificant gastroesophageal reflux will mandate a
rapid-sequence induction; otherwise, a standard
intravenous or inhalational induction is accept-
able.17 The rapid recovery characteristics of propo-
fol make it a rational selection. High functional
residual capacity, small tidal volume, and ventila-
tion-perfusion mismatch slow inhalation induc-
tion time. Ketamine is relatively contraindicated
due to its propensity to increase bronchial secre-
tions. Agents irritating to the respiratory tract
should be avoided. Preoxygenation to achieve a
higher oxyhemoglobin saturation before induc-
tion is especially important, whether a rapid-
sequence induction is incorporated or not.

� Anesthetic technique and airway management.
Many patients with cystic fibrosis have a limited res-
piratory reserve; therefore, local and regional
blocks with maintenance of spontaneous ventila-
tion are favored techniques if the nature of the sur-
gical procedure allows. Local and regional anesthe-
sia with carefully titrated sedation also minimize the
risks of bronchospasm, barotrauma, and aspiration
associated with general anesthesia and also may
help facilitate the easy resumption of postoperative
physiotherapy. Coagulopathy should be ruled out
before regional conduction anesthesia is per-
formed.

If a general anesthetic is required, mainte-
nance of anesthesia with one of the volatile agents
is advantageous, as they permit the administration
of high inspired concentrations of oxygen. Bron-
chodilation, decreased muscle relaxant dosage,
and reduced airway hyperreactivity are further
advantages of inhalation agents. However, the
pungent odor and respiratory tract irritability
associated with desflurane make it a poor choice.

Many perioperative complications in the
patient with cystic fibrosis are associated with
excess viscid secretions and problems with ventila-
tion and oxygenation. Systemic hydration and
humidification of inspired gases are important for
maintaining secretions in a less viscous state, and
frequent suctioning of the trachea throughout the
surgical period may be indicated to minimize the
accumulation of secretions. During airway man-

agement, early insertion of an oropharyngeal air-
way may be indicated, especially when nasal polyps
are present.

A cuffed endotracheal tube enables tracheo-
bronchial suctioning and easy control of ventilation,
which is especially important for patients with
severe lung disease. Intubation performed in a deep
plane of anesthesia will avoid coughing and bron-
chospasm and prevent further inspissation of secre-
tions. If nasal intubation is indicated, the turbinates
should be examined preoperatively for polyps.26

The laryngeal mask airway has been well-
tolerated by many patients with cystic fibrosis.17

However, the risk of aspiration and airway obstruc-
tion from secretions must be considered before the
selection of this airway management tool.

� Muscle relaxants. When selecting a muscle
relaxant, consideration should be given to agents
that will allow rapid recovery of muscle power dur-
ing the immediate postoperative period. Short-
acting nondepolarizers, such as rapacuronium,
atracurium, and mivacurium, may be especially
appropriate because of their rapid clearance.
Aminoglycoside antibiotics used to treat infections
may prolong the neuromuscular blocking effect.
Relaxants should be administered in minimum
doses and a nerve stimulator used to guide admin-
istration and assess recovery of muscle function.
Extubation should be delayed until the adequacy
of ventilation has reached preanesthetic levels.

� Postoperative care. Postoperative care must
be directed toward continued aggressive respira-
tory therapy, oxygen supplementation, and clear-
ance of tenacious respiratory secretions. To that
end, anesthesia should be tailored for rapid post-
operative resumption of the ability to cough and
deep breathe and actively clear secretions. Provi-
sion of postoperative analgesia with nonsteroidal
anti-inflammatory agents or carefully administered
opioids may be required. Local wound infiltration
with a longer acting local anesthetic reduces the
need for opioids for postoperative analgesia.
Regional analgesia and anesthesia techniques
(epidural opioids and intercostal nerve blocks) also
are used effectively to preserve pulmonary func-
tion while adequately treating postoperative pain.26

Throughout the postoperative period, the
patient with cystic fibrosis continues to be at risk
for respiratory depression, pneumothorax, pneu-
monia, atelectasis, and airway obstruction.28 After
major surgery, an intensive care unit may be the
most appropriate setting for close monitoring,
continued intravenous hydration, airway manage-
ment, and chest physiotherapy.
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Ambulatory surgery
Ambulatory surgery has expanded to include

patients with chronic medical conditions, such as
cystic fibrosis. Nasal polypectomy, sinus endos-
copy, and sinus lavage are common outpatient sur-
gical procedures in patients with cystic fibrosis.
The benefits of ambulatory surgery to patients
with cystic fibrosis include maximizing time spent
outside the hospital, reduced disruption of their
schedule, and decreased exposure to nosocomial
infection.12

Each patient with cystic fibrosis should be
approached individually as a potential candidate
for outpatient surgery. Patients classified as ASA
physical status II and III are generally appropriate
candidates for ambulatory surgery. Pulmonary
consultation, especially for patients classified as
ASA physical status III, is helpful for determining
the extent of pulmonary disease and coordinating
plans for postoperative management.12

As with all elective surgery for patients with
cystic fibrosis, timing of the surgical procedure is
crucial to successful outcome. The patient with
cystic fibrosis alternates dramatically between
periods of clinical stability and periods of clinical
deterioration. Ambulatory surgery should be per-
formed only during times of clinical stability and
optimal pulmonary function.17 The patient’s med-
ical history should be documented and reviewed
well in advance of the surgical day and then reeval-
uated on the day of surgery.

Summary
Cystic fibrosis is no longer solely a pediatric

disease. Improvements in therapy now allow more
than 50% of patients with cystic fibrosis to reach
adulthood, and as these patients live longer, the
likelihood that they will be surgical candidates
increases.

Anesthetic management of the patient with
cystic fibrosis may be complicated, as this is a com-
plex disease involving multiple organ systems.
Optimal perioperative care of patients with cystic
fibrosis requires that anesthesia practitioners
work as part of a team from preoperative prepara-
tion to postoperative discharge. A sound apprecia-
tion of the clinical features and complications of
the disease will enable anesthesia to be adminis-
tered with greater safety.
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