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Cystic fibrosis (CF) was first identified in 1938

by Dorothy Hansine Anderson, who initially

called it ‘cystic fibrosis of the pancreas’.

It is a multisystem autosomal recessive

disease and the most common lethal genetic

disease in Caucasians. CF is particularly

common in Western Europe. The Republic of

Ireland has the highest incidence in the world,

at one in 1461 live births with a carrier rate for

the genetic mutation of one in 19. In the UK,

the carrier rate is one in 25 with an incidence

of one in 2500 live births.

In 2008, there were 8513 patients with CF

on the UK Register.1 In Ireland in 2007, there

were 1170 CF patients.2

CF is best considered as a disease spectrum

rather than a distinct single clinical entity due

to the heterogeneity of genotypic and phenoty-

pic manifestations.

Pathophysiology

Genetics

CF demonstrates a Mendelian recessive inheri-

tance pattern; homozygotes manifest the

disease, and heterozygotes (carriers) have no

symptoms. The disease is caused by mutations

in a single gene. First identified in 1989, this is

a 230 kb gene on the long arm of chromosome

7 which encodes a 1480 amino acid protein

called CF transmembrane regulator (CFTR).

More than 1100 mutations of this gene have

been identified to date.

Cellular

CFTR is a chloride channel, found at the

apical border of epithelial cells lining most

exocrine glands in the body. All CF-causing

mutations cause abnormal chloride conduc-

tance through the CFTR channel. This leads

to critical loss of Cl2 transport, which upsets

the Naþ/Cl2 balances needed to maintain the

normal, thin mucus layer that is easily

removed by cilia, which line the lungs and

other organs.3 Normal mucus contains 97%

water, but in CF, the mucus is viscid as it

contains significantly less water and is there-

fore less well cleared by cilia.

Clinical manifestations

Respiratory pathology
Most of the early mortality associated with CF

results from progressive lung disease. The

viscid mucous secretions and decreased muco-

ciliary clearance seen in CF lead to patchy

atelectasis, airway inflammation, and chronic

hypoxia (Table 1). Abnormal mucus traps bac-

terial microbes, allowing biofilm formation and

bacterial proliferation, and this can lead to a

cycle of inflammation and infection.

Inflammation in this setting is largely neutro-

phil mediated.

There is chronic colonization of airways

with pathogens, including Pseudomonas aeru-

ginosa, Staphylococcus aureus, Haemophilus

influenzae, Stenotrophomonas maltophilia,

Burkholderia cepacia, and Aspergillus.

With time, airway obstruction occurs, with

air trapping and development of bronchiectasis.

Patients with respiratory disease may either

follow a relapse–remit pattern with return to

baseline function between exacerbations or may

experience a steady decline in lung function,

with eventual development of cor pulmonale,

respiratory failure, and death.

Nasal pathology
As in other systems, the basic problem is the

formation of thick mucus in the nasal and para-

nasal cavities. Clinically, this can result in

chronic sinusitis, nasal polyposis, or both. Up

to 20% of CF patients require sinus surgery at

some point.

Upper gastrointestinal pathology
In the pancreas, decreased enzyme secretion

due to obstructed pancreatic ducts leads to

malabsorption of vitamins A, D, E, and

K. Duodenal fluid is more viscid with

decreased bicarbonate levels. This manifests as

elevated faecal fat excretion and steatorrhoea.

Key points

Cystic fibrosis (CF) is the most
common, lethal genetic disease
in Caucasians. The Republic of
Ireland has the highest
incidence in the world at one
in 1461 live births. In the UK,
the incidence is one in 2500
live births.

Mutations in a single gene, the
CF transmembrane regulator
gene, are responsible for CF.
More than 1100 mutations have
been identified to date.

Treatment of CF involves
intensive daily physical therapy,
anti-inflammatories, and inhaled
mucolytics. A clinical trial to
evaluate gene therapy
commences in 2011.

CF is a multisystem disorder,
with the respiratory system
most commonly affected.
CF-related diabetes and liver
disease are important
non-respiratory causes of
morbidity and mortality.

Anaesthetic management
centres on preoperative risk
classification and optimization.
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Endocrine pancreatic dysfunction leads to CF-related diabetes

mellitus (CFRD), the pathogenesis of which is related to pancreatic

fibrosis and gland destruction.

Approximately 85–90% of patients with ‘classical’ CF will

have pancreatic insufficiency and require lifelong enzyme sup-

plementation. Those with pancreatic insufficiency are much more

likely to develop CFRD, which is the most common non-

pulmonary co-morbidity in patients with CF.

The incidence of CFRD increases with age. Importantly, people

with CFRD have worse lung function, more impaired nutrition,

more frequent hospitalization, and higher mortality than patients

with CF without diabetes.4

The molecular pathogenesis of CF liver disease is incompletely

understood, but is largely a consequence of obstruction of the bile

ductules by abnormal mucoid secretions, leading to focal biliary

cirrhosis. This can progress to portal hypertension and multinodu-

lar biliary cirrhosis.

Lower gastrointestinal pathology
Meconium ileus in the neonate (up to 20% of infants with CF) pre-

sents with bowel obstruction at the level of the terminal ileum

(bilious vomiting, failure to pass stool, abdominal distention) in

the first few days of life. It is caused by abnormally viscid

secretions which adhere to the intestinal mucosa. In later childhood

and adulthood, recurrent abdominal pain may be caused by distal

intestinal obstruction syndrome; an obstruction within the lumen of

the bowel by thick, tenacious stool.

Skin
In all exocrine secretions, there are abnormal sodium and chloride

levels. This forms the basis of the diagnostic ‘sweat test’ com-

monly performed (see the Diagnosis section).

Osteoporosis
Approximately 23.5% of adults with CF have low bone mineral

density. Osteoporosis in people with CF results from a combi-

nation of impaired vitamin D and calcium absorption, and

increased bone catabolism. CFTR is expressed in bone cells,

and CFTR dysfunction also affects osteoblast and osteoclast

activity.

Infertility
Ninety-eight per cent of men with CF suffer from congenital bilat-

eral absence of the vas deferens. This leads to primary infertility.

In a small subgroup of people with CF, this may be the only clini-

cal manifestation of disease.

Women have abnormally viscid cervical secretions, which

impairs passage of sperm. They usually have primary infertility,

but can have a successful pregnancy with implantation, in vitro

fertilization.

Diagnosis

Recent Consensus Guidelines5 state that ‘the diagnosis of CF

should be based on the presence of

† one or more characteristic clinical features

† a history of CF in a sibling, or

† a positive newborn screening (NBS) test,

plus

† laboratory evidence of an abnormality in the CF transmem-

brane conductance regulator (CFTR) gene or protein’.

‘Laboratory evidence’ refers to either elevated chloride levels in a

‘sweat test’ or genetic testing.

Newborn screening

NBS is done in most American states, in Canada, in Australia, and

across Western Europe. In the UK, screening is now offered in all

areas.

Screening analyses immunoreactive trypsinogen levels from a

blood test taken via the ‘heel prick’ test at age 3–5 days.

Trypsinogen is the precursor form of the pancreatic enzyme

trypsin. Levels are elevated in the neonate with CF. While very

specific (99%), there is a high (.90%) false-positive rate.

NBS results in earlier diagnosis,6 with evidence of subsequent

improved nutritional status, improved growth, reduced morbidity,

and reduced need for therapy. In relation to pulmonary outcomes,

the potential benefit from screening has not yet been demonstrated.

Of those diagnosed with CF in the UK in 2008, 65.4% were in

the first year of life. In countries without neonatal screening pro-

grammes, the majority of patients are diagnosed clinically.

Table 1 Pathophysiology and clinical manifestations of CF

Site Pathology Clinical manifestation

Lower respiratory tract Viscid mucous secretions, hypertrophy of goblet cells,

decreased mucociliary clearance

Frequent LRTI, chronic hypoxaemia, cor pulmonale

Upper respiratory tract Abnormal viscid nasal secretions Sinusitis, nasal polyposis

Hepatobiliary system Obstruction of bile ductules Focal biliary cirrhosis, portal hypertension, multinodular biliary cirrhosis

Gastrointestinal tract Abnormally viscid intestinal secretions at the level of the

terminal ileum in the neonate

Meconium ileus, recurrent abdominal pain (distal intestinal obstruction syndrome)

Pancreas Obstructed pancreatic ducts, fibrosis Pancreatic exocrine insufficiency, CF-related diabetes (CFRD)

Reproductive system Congenital absence of vas deferens, viscid cervical secretions Infertility in men (98%), decreased fertility in women

Bone Impaired calcium, vitamin D absorption, increased catabolism Osteoporosis

Skin Increased chloride levels Abnormal ‘sweat test’, diminished thermoregulation
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Laboratory evidence of CF

Sweat testing
The ‘sweat test’ was the gold standard for CF diagnosis and can be

performed from 2 weeks of age. It involves transdermal adminis-

tration of pilocarpine by iontophoresis to stimulate sweating.

A tiny current is passed through a small area of skin to intro-

duce pilocarpine, which stimulates sweating. Sweat is then col-

lected and its electrolyte concentration analysed. With modern

methods, tiny amounts in the order of microlitres can be success-

fully analysed using a portable testing device (Fig. 1).

Genetic testing

Genetic testing can be confirmatory, both in the proband and in

siblings. This can be done antenatally by amniocentesis or chorio-

nic villus sampling. In Ireland, genetic testing investigates for the

11 most common mutations in the Irish population and has an esti-

mated sensitivity of 92.5%.7

Sixty-four per cent of the Irish CF population is homozygous

for 4F508, while 94% of the Irish CF population carries the

4F508 mutation on at least one chromosome. G551D is the

second most frequently occurring mutation. In the UK, the most

common mutation is again 4F508. Seventy-five per cent of UK

Caucasians with CF carry at least one copy vs 29% of those of

Asian origin.

Treatment

No treatment is curative. Treatment is supportive and aims to

† minimize pulmonary infection;

† optimize nutritional status;

† slow disease progress;

† ease symptoms.

Respiratory

Physical therapy is paramount to maintain respiratory function. A

typical regime involves twice daily physiotherapy, with inhaled

bronchodilators and mucolytics.

Airway clearance techniques, postural drainage, percussion, and

autogenic drainage are components of physical therapy. Physical

activity will also aid in clearing mucus.

Many devices are available (oscillatory devices, positive expira-

tory pressure devices, and high-frequency chest compression

devices), all with the aim of more effective mucus dislodgement

and clearance. Most of the newer airway clearance devices have

been studied in comparison with standard chest physiotherapy and

most studies show no advantage of one method over another.

Oxygen therapy

Of the 6082 patients on the UK CF register in 2008, 6.3% used

long-term home O2, and of those, 17.7% used it continuously,

26.1% used it at night and on exertion, 12.9% when required, and

43.4% only with exacerbations; 1.6% used home non-invasive

ventilation.

Drug therapy

Mucolytics
DNA-ase (rhDNase; dornase alpha) is a nebulized therapy which

decreases the viscosity of secretions in patients with CF. It is well

tolerated, widely used, and has been shown to compare favourably

with hypertonic saline. The response to treatment is variable.

Inhaled hypertonic saline (3% and 7%) has been shown to be

safe and effective in improving mucociliary clearance in patients

with CF. It may decrease the frequency of pulmonary

exacerbations.

Anti-inflammatories
Anti-inflammatory drugs may have beneficial effects on lung func-

tion, although their use is limited due to undesirable adverse

effects.

These agents include oral corticosteroids, ibuprofen, and

azithromycin.

In the USA, in 2006, more than 40% of CF patients were

treated with inhaled corticosteroids. Systemic corticosteroids may

be useful during exacerbations, despite their unfavourable side-

effect profile.

Antibiotics
A number of meta-analyses have been undertaken on the subject of

antibiotics and CF.

There are inadequate data on the most effective duration of

antibiotic use, or whether monotherapy or combination therapy is

more effective in terms of lung function, symptom scores, adverse

effects, and bacteriological outcome measures.
Fig 1 Portable ‘sweat test’ monitor, the ‘Nanoduct’ monitor. Permission
was granted by Wescor, Inc.—an ELITech Group Company.
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Data are also lacking on the benefit of home therapy vs

in-patient hospital therapy for infective exacerbations. In the

short term, home therapy was not found to cause harm. It

entailed fewer investigations, reduced social disruptions, and was

cost-effective.

Inhaled, oral, i.v., or a combination of preparations may be

used. The use of nebulized antibiotics for the eradication of

P. aeruginosa is not well supported by the literature.

Nutrition
Nutritional requirements can be difficult to meet for patients with

CF due to a number of factors:

(i) increased requirements due to concurrent illness,

(ii) pancreatic insufficiency,

(iii) lung disease, or

(iv) CF-related diabetes.

Many require enteral supplementation or even parenteral nutrition.

In 2008, the UK CF Register showed that of 6082 patients,

1769 required some supplemental feeding. Of these, 618 were

under 16 yr and 1151 patients were more than 16 yr. Ninety-seven

of these received naso-gastric feeding, 354 were fed by gastro-

stomy tube/button, two were fed via the jejunal route, and only

two received total parenteral nutrition.

Even when supplemental feeding is used, mean energy and

protein values may not be achieved. In a study of 95 CF patients,

72% did not achieve target energy and protein values, despite

approaching the recommended CF guidelines for dietary intake.

Glycaemic control is important for those with endocrine pan-

creatic disease. The hallmark of CFRD is insulin deficiency, so

exogenous insulin is needed. Subcutaneous insulin is the mainstay

of therapy. Early recognition and institution of insulin therapy

appear to improve health outcomes.

Gene therapy
CF drug therapy is moving from the symptomatic therapy to treat-

ment of the underlying pathophysiology.

Gene therapy for CF uses nebulized plasmid DNA, with the

aim of production of normal CFTR in the airways.

A pilot study of plasmid DNA to assess safety has taken place

in the UK involving 16 patients. A clinical trial involving

100 patients will commence in 2011 (www.cftrust.org.uk/research/

researchincf/genetherapy).

Outcomes in CF

Owing to earlier diagnosis and intervention, the pattern of disease

is changing.

Lung disease is responsible for most of the mortality in CF, fol-

lowed by liver cirrhosis.

Owing to recent advances in the diagnosis of CF, particularly

neonatal screening programmes and genetic testing, a diagnosis of

CF now tends to be made earlier.

There is a subgroup of people with equivocal genetic patterns

who do not meet full diagnostic criteria. The natural history of the

disease in these patients is unknown.

Once a disease of childhood, currently half of patients with CF

are children and half are adults.

Survival has improved dramatically in the last decades; in the

1950s, children were not expected to live long enough to attend

school. A child born in 2000 now has a life expectancy of 50.

Median age at death in the UK in 2008 was 27 yr, with current

life expectancy of 35 yr.8 In the USA, median predicted survival

has increased from 32 in 2000 to 37.4 in 2008.

Overall life expectancy is lower for females than males,

although the reason for this is not known. Adequate pancreatic

function confers a longer life expectancy. No genotype has been

associated with survival benefit.

With improving survival, requirements for adult services

including lung and liver transplantation are increasing. Lung trans-

plantation is indicated for severe disease only and rigorous selec-

tion criteria apply. Survival rates after bilateral sequential lung

transplant in the UK have been reported from one centre9 as 82%

at 1 yr, 70% at 3 yr, 62% at 5 yr, and 51% at 10 yr. The median

age at transplantation was 26 yr.

Considerations in paediatric patients

As children with CF reach adolescence, some disease features

become more important.

A recent study from the Republic of Ireland found a CF-related

diabetes prevalence of 17% in the 10–19 yr age group. The inci-

dence of CFRD increases with age. In Denmark, where all children

with CF undergo annual oral glucose tolerance testing, 50% of CF

patients are diagnosed with CFRD by 30 yr of age, and in the

USA, this may be higher.

Liver disease usually becomes apparent during adolescence.

Significant liver disease is seen in 13–25% of children with CF.

Clinical examination, measurement of liver enzymes, and ultra-

sound may be used to evaluate liver disease in CF.

Transplantation (lung and liver) is increasingly common in chil-

dren. Most recipients are adolescents. CF is the dominant reason

for lung transplant after infancy, when pulmonary hypertensive

disorders predominate. Bronchiolitis obliterans is the most impor-

tant complication after paediatric lung transplantation and limits

both the quality of life and duration of survival, as in adults.

A difficult question can be the timing of the transition from

paediatric to adult services. It can be daunting for stable adolescent

CF patients to be admitted for the first time to an adult centre and

observe patients with more advanced disease. Joint clinics may

facilitate smooth transfer of care.

Anaesthetic management

Patients with CF may present electively for minor or major

surgery, or emergently for any procedure. Patients with severe
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disease are best managed in a major centre with multi-disciplinary

input.

Nasal polypectomy, enteral feeding, or vascular access device

placement are commonly performed elective surgical procedures

for these patients.

Perioperative management of the patient with CF for organ

transplantation is outside the scope of this review.

Preoperative

Patients should be optimized as much as possible for elective

surgery. This will include a medication review, more intense daily

physiotherapy, and nebulized drugs as late as possible

preoperatively.

Emergency surgery will differ but a thorough history and exam-

ination and also chest radiograph, baseline arterial blood gas analy-

sis, and bedside spirometry remain mandatory.

Multidisciplinary management, with involvement of the

patient’s usual CF team where possible, will help to optimize

status.

Surgical factors will increase the risk of pulmonary

complications:

† Duration of surgery/anaesthesia.

† Surgical site: upper abdominal and thoracic incisions carry

the highest level of risk, laparoscopic surgery lower risk. The

further from the diaphragm the incision is, the lower the risk.

† Nasogastric tube insertion is an independent risk for post-

operative respiratory complications.

† Emergency surgery.

History

This involves a history of therapy, medications, and exacerbations.

Microbiological infection will determine the need for isolation.

Volume and purulence of sputum are important. Functional

ability gives an indication of the patient’s ability to withstand

physiological stress.

Details of the non-respiratory components of the patient’s

disease should be elucidated, particularly in the presence of

CFRD. Glycaemic control should be meticulous.

Investigations

Full blood count, urea and electrolytes, coagulation study, liver

function tests, and blood glucose should be performed for all

patients with CF.

Respiratory assessment
Respiratory tests include chest radiograph, baseline arterial blood

gas analysis, and spirometry for all patients.

For patients with CF, an obstructive pattern is generally seen,

with a decrease in forced expiratory volume in 1 s (FEV1), and

forced vital capacity (FVC) to FEV1 ratio. A decrease in FEV1 to

,1 litre, especially in patients who are hypoxaemic, may indicate

the need for postoperative ventilation. One study of patients under-

going non-laparoscopic abdominal surgery found that the two most

useful predictive variables for postoperative respiratory compli-

cations were FEV1 ,61% predicted and PaO2
,9.3 kPa.

The development of right ventricular hypertrophy and cor pul-

monale is sinister and indicates advanced decompensated disease.

Electrocardiographic changes may suggest this diagnosis, but it is

difficult to differentiate cardiac from pulmonary causes of typical

ECG changes (right axis deviation, right bundle branch block).

Echocardiography may be useful to diagnose cor pulmonale. The

incidence of pulmonary hypertension in patients with CF is diffi-

cult to quantify and limited data are available. One small study

found that seven out of 18 patients with severe lung disease (FEV1

,40% predicted) had elevated pulmonary arterial pressures. Five

year follow-up showed that mortality was significantly higher in

those with pulmonary hypertension (P¼0.0129).

Hypercapnia of .6.6 kPa may also predict an increased risk of

postoperative respiratory problems.

For some patients, preoperative cardiopulmonary exercise

testing (CPET) may prove to be useful as an indicator of physio-

logical reserve and ability to deal with the metabolic demands

imposed by surgery. Carried out only in specialized centres, this

involves a 10 min exercise test using a cycle ergometer or tread-

mill. Respiratory and haemodynamic parameters are measured,

including maximal oxygen uptake (VO2), carbon dioxide elimin-

ation (VCO2), and minute ventilation. One review10 of the useful-

ness of CPET in the setting of non-cardiopulmonary

thoraco-abdominal surgery has found it to be a valid marker of

risk for perioperative complications.

There have been no studies in the CF population that specifi-

cally address the issue of CPET in a preoperative scenario.

A 6 min walk test forms part of a pre-lung transplant work up in

many centres and patients may have this information available

when they present for non-transplant surgery.

In our centre, surgery that does not involve an abdominal

incision has been safely carried out in patients with FEV1 ,25%

predicted without a requirement for postoperative ventilation. The

procedures in this case are usually short in duration with minimal

physiological trespass.

Conduct of anaesthesia

Few studies have addressed the conduct of anaesthesia for patients

with CF.

Monitoring
Full monitoring as per the Association of Anaesthetists of Great

Britain and Ireland (AAGBI) Guidelines is mandatory. An arterial

line facilitates frequent blood gas analysis. Maintenance of base-

line arterial gas values should be the aim. If a central venous cath-

eter is used, internal jugular placement under ultrasound guidance
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is recommended to minimize the chance of pneumothorax. Cardiac

output monitoring, using pulse contour analysis or a pulmonary

artery catheter, may be considered in patients with cor pulmonale

or those presenting for major surgery.

Airway management
For short procedures or non-abdominal or thoracic procedures, the

use of a laryngeal mask airway with a spontaneously breathing

patient may minimize the detrimental effects of general anaesthe-

sia on respiratory mechanics. An endotracheal tube, however,

facilitates tracheal suctioning of secretions intraoperatively and

allows improved control of gas exchange. Nasal intubation should

be avoided as much as possible, due to the high incidence of nasal

polyposis. Where positive pressure ventilation is used, airway

pressures should be kept as low as possible. Gases should be

humidified.

The use of volatile anaesthesia in high inspired concentrations

of oxygen will aid bronchodilation, and limit the dose of neuro-

muscular blocker. Total i.v. anaesthesia can be used, but the

bronchodilating effects of vapours are lost. Irritant vapours, for

example, desflurane or isoflurane, are less useful than

sevoflurane.11

Intraoperative physiotherapy may be helpful, particularly in

children.

General considerations
Short-acting drugs should be used wherever possible to faciliate

rapid emergence.12

Patients may be cachetic; therefore, careful positioning and

padding is important. Normothermia should be confirmed with

temperature monitoring and hypothermia avoided.

Where possible, central neuraxial block or regional anaesthesia

can avoid airway manipulation and optimize postoperative

analgesia.

The requirement for good analgesia for early mobilization and

physiotherapy must be balanced against the potential for respirat-

ory depression in the presence of high-dose opioids. Regional

anaesthesia can facilitate an opioid-minimizing technique, and

local infiltration with local anaesthetic to the wound can augment

this.

Postoperative

All efforts should be made to minimize the development of post-

operative respiratory tract infection.

The goal is early extubation. Neuromuscular block should be

fully reversed. For patients who use home non-invasive ventilation,

the patient’s own equipment should be available in the post-

anaesthesia care unit. Chest physiotherapy should be resumed as

early as possible.

Monitored postoperative care in a high dependency/intensive

care unit setting is appropriate for patients with advanced respirat-

ory disease or non-respiratory manifestations. For patients with

FEV1 ,1 litre, PaO2
,9.3 kPa, or PaCO2

.6.6 kPa, a period of

elective postoperative ventilation should be considered.

Day-case surgery is uncommon in CF patients but may be feas-

ible in patients with stable disease and good baseline functional

status.
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