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A B S T R A C T

Background

Cystic fibrosis is an autosomal recessive inherited defect in the cystic fibrosis transmembrane conductance regulator (CFTR) gene

resulting in abnormal regulation of salt and water movement across the membranes. In the liver this leads to focal biliary fibrosis

resulting in progressive portal hypertension and end-stage liver disease in some individuals. This can be asymptomatic, but may lead to

splenomegaly and hypersplenism, development of varices and variceal bleeding, and ascites; it has negative impact on overall nutritional

status and respiratory function in this population. Prognosis is poor once significant portal hypertension is established. The role and

outcome of various interventions for managing advanced liver disease (non-malignant end stage disease) in people with cystic fibrosis

is currently unidentified.

Objectives

To review and assess the efficacy of currently available treatment options for preventing and managing advanced liver disease in children

and adults with cystic fibrosis.

Search methods

We searched the Cochrane Cystic Fibrosis Trials Register, compiled from electronic database searches and handsearching of journals

and conference abstract books.

Date of last search: 06 April 2017.

We also searched the reference lists of relevant articles and reviews and online trials registries. Date of last search: 04 January 2017.

Selection criteria

Any published and unpublished randomised controlled trials and quasi-randomised controlled trials of advanced liver disease in cystic

fibrosis with cirrhosis or liver failure, portal hypertension or variceal bleeding (or both).

Data collection and analysis

Authors independently examined titles and abstracts to identify potentially relevant trials, but none were eligible for inclusion in this

review.
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Main results

A comprehensive search of the literature did not identify any published eligible randomised controlled trials.

Authors’ conclusions

In order to develop the best source of evidence, there is a need to undertake randomised controlled trials of interventions for preventing

and managing advanced liver disease in adults and children with cystic fibrosis.

P L A I N L A N G U A G E S U M M A R Y

Interventions for managing advanced liver disease in cystic fibrosis

Review question

We aimed to find the best evidence about preventing and managing advanced liver disease in adults and children with cystic fibrosis by

comparing different treatment options.

Background

In advanced liver disease in cystic fibrosis, the normal liver tissue is replaced by scar tissue. As the disease progresses, the liver becomes

hard and the blood cannot easily flow through the organ leading to increased pressure in an important blood vessel in the liver called

the portal vein (portal hypertension). Later on, the veins around the lower part of the oesophagus (gullet) become swollen and torn,

resulting in life-threatening bleeding (variceal bleeding). There are several treatments currently available for variceal bleeding and portal

hypertension; drug treatments (non-selective beta blockers), endoscopic therapy (e.g. band ligation where tiny elastic bands are placed

around the enlarged veins to tie them off so they can’t bleed), or sclerotherapy (where a blood-clotting solution is injected directly

into a vein and irritates the lining of the blood vessel so it swells and sticks together). The insertion of a transjugular intrahepatic

porto-systemic shunt (also known as TIPSS) (an artificial channel within the liver that allows movement between the inflowing and

out flowing veins) has been employed in recurrent bleeding or as a bridge to liver transplantation. Surgical porto-systemic shunts have

also been used in selected patients with preserved liver function. Liver transplantation is performed in cystic fibrosis patients with

decompensated cirrhosis or end-stage liver disease.

Guidelines for screening and managing portal hypertension have been available for the general population (without cystic fibrosis).

However, the optimal treatment for advanced liver disease in cystic fibrosis has not yet been defined, leading to a wide variety of practice

among different centres.

Search date

The evidence is current to: 04 January 2017.

Study characteristics

We searched for high quality trials comparing the treatments described above in children and adults with advanced liver disease in

cystic fibrosis. Unfortunately, we did not find any trials to include in this review.

Key results

Since we did not find any trials for this review, it is not possible to make any specific recommendations or to develop best-practice

guidelines at this stage. Our review highlighted a clear need for randomised controlled trials of treatments for the prevention and

management of advanced liver disease in adults and children with cystic fibrosis.
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B A C K G R O U N D

A subject-specific glossary and a statistical glossary are available in

the appendices (Appendix 1; Appendix 2).

Description of the condition

Cystic fibrosis (CF) is a life-limiting autosomal recessive disor-

der caused by mutations in the CF transmembranes conductance

regulator (CFTR) gene on chromosome 7, which is expressed on

epithelial cells. It is a multi-organ disease primarily affecting the

lungs, pancreas, sweat glands, reproductive tract (Wolffian ducts

in males), gastro-intestinal tract and liver (Davis 2006). The inci-

dence of CF varies between Asia, Europe and the USA. In Asia,

while the condition is severely under-diagnosed, its prevalence is

rare. The incidence of CF is 1 in 2000 to 3000 newborns in the

European countries; 1 in every 3500 births in the USA (WHO

2015). Further, a mean prevalence of CF was 0.737 per 10,000

people in some of the countries in the European Union, 0.797 per

10,000 in the USA, and 2.98 per 10,000 in the Republic of Ire-

land (Farrell 2008). The mortality data for the white population

in the USA from 1999 to 2006 was 3708 people (CDC 2010).

Cystic fibrosis-associated liver disease (CFLD) is an early compli-

cation of CF which occurs mostly in the first decade of life, par-

ticularly in people with a history of meconium ileus or pancreatic

insufficiency and severe (class I to III) mutations (Colombo 2002;

Nagel 1989). Advanced liver disease presents mainly during pre-

puberty and puberty with a median age at diagnosis of 12 years

(Lindblad 1999). The incidence rate (number of new cases per

year) of CFLD is 1.8% (Colombo 2002).

With increased life expectancy, CFLD has emerged as a significant

cause for morbidity and mortality (Simmonds 2008) and evidence

of clinically significant liver disease is found in around 25% of

people with CF. Between 3% and 5% develop pulmonary hyper-

tension (PHT) due to severe cirrhosis during the first decade of

life, with a median age of diagnosis of 10 to 11 years of age; 90%

of those affected are diagnosed before 20 years of age (Bartlett

2009; Debray 1999; Gooding 2005). A prevalence rate for CFLD

of 41% at 12 years of age has been reported (Lamireau 2004).

CFLD may progress to chronic obstructive cholangiopathy, focal

biliary cirrhosis and multilobular cirrhosis with associated PHT

with or without variceal bleeding and end-stage liver disease. Cir-

rhosis and PHT can negatively impact on respiratory function due

to organomegaly (abnormal enlargement of organs), ascites and

intra-pulmonary shunting (Smith 2004). PHT is an increase in

the blood pressure within a system of veins called the portal venous

system. Clinically significant PHT is defined as a hepatic venous

pressure gradient of 10 mm Hg or more (Bari 2012). Most peo-

ple with CFLD are asymptomatic. Approximately 10% of people

with CFLD and PHT progress to advanced liver disease (Rowland

2011). Liver failure may occur subsequently (Melzi 2006).

Diagnosis of CFLD should be made when at least two of the

following variables are present (Debray 2011):

• abnormal physical examination: a palpable liver edge more

than 2 cm below the bottom edge of the rib cage on the mid-

clavicular line and a prominent left lobe palpable in the

epigastrium, confirmed by ultrasound;

• abnormal liver function tests: an increase in transaminases

(aspartate aminotransferase (AST) and alanine aminotransferase

(ALT)) and gamma-glutamyl transpeptidase (GGT) levels above

the upper normal limits on at least three consecutive occasions

over 12 months, after other causes of liver disease;

• ultrasonographic evidence of liver involvement (an

increased parenchymal echogenicity, irregular margins,

nodularity) or PHT (splenomegaly, increased think ness of lesser

omentum, spontaneous spleno-renal anastomosis, large collateral

veins, ascites) or biliary abnormalities (bile duct dilatation);

• a liver biopsy may be indicated if there is diagnostic doubt.

There is a developing role for transient elastography (also known

as Fibroscan®) for investigating CFLD, despite the absence of ad-

equate validation against histology and other long-term outcomes

such as PHT, bleeding risk, cirrhosis, synthetic failure and trans-

plantation (Ledder 2014). This method is widely used to stage liver

fibrosis as an alternative to a liver biopsy; it measures liver stiffness,

and it is also a valuable tool to detect and quantify CFLD in chil-

dren and adults with CFLD (Ledder 2014; Malbrunot-Wagner

2011; Menten 2010; Sadler 2015; Witters 2009). Liver stiffness

is an accurate non-invasive indicator in assessing the progression

of liver disease in people with CF (Kitson 2013).

Description of the intervention

The principle of managing PHT in people with CFLD is not

dissimilar to its management in those without CFLD.

In adults with evidence of PHT and the presence of varices, non-

selective beta-blockers (NSBB) should be considered to prevent

or reduce the number of bleeding events (Cheng 2005). The two

most commonly used NSBB for preventing bleeding are propra-

nolol and nadolol. Their dose is titrated to achieve the resting heart

rate of 55 beats per minute or a reduction of heart rate by 25%

from baseline, and adjusted to maximal tolerated doses. Propra-

nolol is usually started at a dose of 20 mg twice daily and nadolol

at a daily dose of 40 mg (Garcia-Tsao 2007). However, in people

with CF with a broncho-constrictive element to their lung disease,

NSBB may be contraindicated. Some studies in children suggest

a possible benefit with few side effects, but there are no control

data from these studies (Shashidhar 1999).

In adults and children with acute bleeding varices, the preferred

initial intervention is upper gastro-intestinal endoscopy with band

ligation or sclerotherapy (Brigman 2006; Debray 1999; Efrati

2003; Price 1996; Stringer 1993). Endoscopic therapies have no

effect on either portal flow or resistance (Garcia-Tsao 2007). En-
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doscopic variceal band ligation is indicated as the primary variceal

prophylaxis as well as the preferred therapy for variceal haemor-

rhage (Gluud 2012) and a single- or multi-band ligator may be

used (Wong 2000). Endoscopic variceal band ligation is very effec-

tive with a high success rate in both acute variceal bleeding episodes

as well as for primary prophylaxis (Funakoshi 2012; Mileti 2011).

Band ligation must be repeated periodically until the varices have

been ablated (Gooding 2005). During sclerotherapy, a chemically

irritating compound (ethanolamine or tetradecyl sulphate) is in-

jected into (intravariceal) or adjacent to (paravariceal) a varix to

control active bleeding or for variceal decompression (Gugig 2012;

Kahan 1989). Sclerotherapy has been shown to be inferior to band

ligation and is recommended only in specific cases, such as very

young children, in whom banding is not possible (due to size of

gastroscope and banding device) (Brigman 2006). Sclerotherapy

is no longer used in the secondary prophylaxis of variceal haem-

orrhage in adults.

A balloon tamponade (Sengstaken Tube) is indicated only in cases

of massive variceal bleeding in the absence, or failure, of definitive

endoscopic treatment.

In a small number of individuals, for example those with severe

PHT and refractory variceal haemorrhage in whom therapeutic

endoscopy treatment has failed, a transjugular intrahepatic porto-

systemic stent shunt (TIPSS) should be considered either as a

long-term treatment option or as a bridge to transplant (Brigman

2006). An interventional radiologist generally inserts the TIPSS;

a catheter is placed into the jugular vein and advanced into the

hepatic vein, where a needle is used to form a tract between the left

portal vein and the right hepatic vein. This tract is expanded with

a balloon angioplasty catheter and a stent is then placed, forming a

permanent porto-systemic (PS) shunt (Efrati 2003; Gugig 2012).

The diameter of the stent is generally between 8 mm and 10 mm.

Surgical PS shunting could be considered in selected individuals

with preserved liver function and without severe respiratory dis-

ease or deterioration (Debray 1999; Efrati 2003). This procedure

is indicated for large varices at a high risk of bleeding and failure

to respond to a banding programme (Ledder 2014). For individu-

als with non-cirrhotic PHT, in particular with extrahepatic portal

vein thrombosis, PS shunt surgery represents the only effective

therapy to prevent recurrent bleeding and repeated endoscopies

for many years. Non-selective shunts (mesocaval, portocaval), se-

lective shunts (distal spleno-renal) and intermediate shunts may

be used (Gugig 2012).

Liver transplantation is the treatment of choice for decompen-

sated or end-stage CFLD or uncontrollable variceal bleeding de-

spite an intensive therapeutic endoscopic programme (Cox 1987;

Kobelska-Dubiel 2014; Mack 1995; Noble-Jamieson 1996).

Whole-liver, reduced-liver or split-liver transplant techniques are

used (Melzi 2006).

How the intervention might work

Treatment with NSBB lowers cardiac output and causes vasocon-

striction in the gastrointestinal tract, thereby reducing portal and

collateral blood flow in the abdomen. However, this treatment is

reserved for selected individuals only and should be avoided in

those with CFLD who have a broncho-constrictive element to

their respiratory disease. These agents have been shown to prevent

bleeding in more than 50% of people with medium or large varices

(Garcia-Tsao 2007).

Individuals undergoing variceal band ligation will have endoscopy

sessions at regular intervals until the varices are ablated. In children

this will generally be carried out under general anaesthesia and

consequently, if frequent endoscopy sessions are required, may

potentially have a negative impact on respiratory function.

A TIPSS places a stent between the intrahepatic portions of the

portal vein and the hepatic vein and leads to a reduction of portal

venous pressure and thus a reduction of pressure in oesophageal

and gastric varices, preventing further variceal haemorrhage; it is

reported to successfully control active and potentially life-threat-

ening variceal bleeding in more than 90% of cases. This technique

is associated with low complication rates, but major risks include

TIPSS dysfunction with stenosis, occlusion or thrombosis and

new-onset or worsened encephalopathy. In the long term, regular

radiographic examination (ultrasound scans or TIPSS venogram,

or both) are necessary to ensure that the TIPSS is functioning cor-

rectly and not suffering from blockages (Pozler 2003).

Surgical PS shunting aims to divert portal blood flow and as

such decrease portal pressure leading to a reduced risk of bleed-

ing (Ledder 2014). Surgical PS shunting improves hypersplenism

without deteriorating liver function or encephalopathy (Wolff

2003). The non-selective shunts, communicate with the entire

portal system and have been associated with higher rates of hepatic

encephalopathy compared with the selective shunts. The distal

spleno-renal shunt is a selective shunt which connects the distal

end of the splenic vein to the left renal vein with interruption of

all collateral vessels (e.g. coronary vein and gastroepiploic veins).

In effect it separates the portal venous circulation into a decom-

pressed gastrosplenic venous circuit (thus reducing the pressure

on gastric and oesophageal varices) and a high-pressure superior

mesenteric venous system that continues to perfuse the liver. Liver

function is preserved by a distal spleno-renal shunt which is asso-

ciated with a lower incidence of portal systemic encephalopathy

(D’Amico 1995). Potential complications include onset or wors-

ening of hepatic encephalopathy, shunt thrombosis or occlusion

(Debray 1999; Efrati 2003). Hepatic encephalopathy is the most

common adverse event developed after treatment with PS shunt-

ing for PHT (Flass 2013).

Liver transplantation is indicated in people with CFLD with pro-

gressive hepatic dysfunction, development of ascites and jaun-

dice, intractable variceal bleeding, hepato-pulmonary and porto-

pulmonary syndrome, severe malnutrition unresponsive to inten-

sive nutritional support, deteriorating quality of life (QoL) re-

lated to liver disease or deteriorating pulmonary function or both
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(Debray 2011; Fridell 2003; Ikegami 2008; Melzi 2006; Nash

2008). Based on these factors, two scoring systems are currently

available to evaluate the need for liver transplantation in adults

with CFLD (Milkiewicz 2012; Noble-Jamieson 1996). No such

specific scoring systems exist for children. Liver transplantation

in this group does not improve long-term nutritional status, but

short-term improvement in pulmonary function after liver trans-

plantation has been reported. Some of the initial improvement in

lung function may reflect the resolution of the effects of severe

PHT such as pulmonary oedema, intrapulmonary shunting as-

cites and organomegaly, in addition to reduced infection resulting

from improved immune function, particularly neutrophil func-

tion (Dowman 2012). One further study showed there is improve-

ment in QoL after liver transplantation (Moyer 2009).

Why it is important to do this review

Evidence-based guidelines from the European and American

Board of Gastroenterology recommend screening for and treating

large varices in adults with severe PHT without a history of variceal

bleeding (Shneider 2012). They suggest the use of NSBB as a

first-step therapy in adults with grade two or grade three varices,

band ligation if beta-blockers are contra-indicated or have failed

(secondary prophylaxis), and the placement of a TIPSS in cases of

ligation failure (tertiary prophylaxis) (De Franchis 2005). In con-

trast, there is a paucity of data to recommend specific approaches

for the management of PHT in children; and extrapolation of care

models for adults to children may not be appropriate (Shneider

2012).

There are currently no clear recommendations for treating ad-

vanced liver disease in people with CF (Debray 2011). Further-

more, for people with CFLD, no specific recommendations exist

with respect to the prevention and treatment of variceal haemor-

rhage. In addition, because of their lung disease, the use of beta-

blockers is usually contra-indicated. Regular screening or thera-

peutic endoscopies may require general anaesthesia (particularly

when carried out in children) and may lead to a reduction in lung

function or predisposition to infection.

O B J E C T I V E S

To assess the various treatment options for preventing and man-

aging advanced liver disease in children and adults with CFLD.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Randomised controlled trials (RCTs) and quasi-RCTs.

Types of participants

Children and adults of all ages and either gender, diagnosed with

CFLD with cirrhosis or liver failure, PHT or variceal bleeding (or

both).

Types of interventions

We planned to evaluate the effects of the following comparisons.

1. Pharmacological interventions (e.g. NSBB) for any

duration compared to placebo or no intervention

2. Endoscopic interventions (e.g. band ligation, sclerotherapy)

compared to active control

3. TIPSS compared to active control

4. Surgical interventions (e.g. surgical PS shunt, liver

transplantation) compared to active control

Types of outcome measures

Primary outcomes

1. Change in variceal bleeding and portal pressure

i) development of first bleeding episode (primary

prevention)

ii) re-bleeding following endoscopic treatment

(secondary prevention)

2. Adverse effects

i) of non-surgical interventions (e.g. aggravated

congestive cardiac failure, respiratory distress, hypotension from

non-selective beta-blockers, stenosis, occlusion, thrombosis,

worsened encephalopathy after TIPSS, perforation of

oesophagus, oesophageal ulceration, oesophageal stricture after

sclerotherapy)

ii) of surgical interventions (e.g. thrombosis, occlusion,

onset or worsening of encephalopathy, infection, rejection)

Secondary outcomes

1. Nutritional status

i) body mass index (BMI) calculated as weight (kg)/

height² (m)

ii) standard deviation (SD) score (z score) for weight (zW)

iii) SD score (z score) for height (zH)

2. Respiratory outcomes

i) forced expiratory volume in one second (FEV )

ii) forced vital capacity (FVC)

iii) SD score (z scores ) for FEV /FVC ratio
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3. Quality of life (QoL) as measured by a validated scoring

system, e.g. Cystic Fibrosis Questionnaire Revised (CFQ-R)

(Quittner 2009)

4. Need for liver transplantation

5. Mortality (bleeding-related mortality, all-cause mortality)

Search methods for identification of studies

There will be no restrictions regarding language or publication

status.

Electronic searches

We attempted to identify relevant trials from the Cystic Fibrosis

and Genetic Disorders Group’s Cystic Fibrosis Trials Register using

the search term: liver.

The Cystic Fibrosis Trials Register is compiled from electronic

searches of the Cochrane Central Register of Controlled Trials

(CENTRAL) (updated each new issue of the Cochrane Library),

weekly searches of MEDLINE,a search of Embase to 1995 and the

prospective handsearching of two journals - Pediatric Pulmonology
and the Journal of Cystic Fibrosis. Unpublished work is identified

by searching the abstract books of three major cystic fibrosis con-

ferences: the International Cystic Fibrosis Conference; the Euro-

pean Cystic Fibrosis Conference and the North American Cystic

Fibrosis Conference. For full details of all searching activities for

the register, please see the relevant section of the Cochrane Cystic

Fibrosis and Genetic Disorders Group’s website.

Date of the last search: 06 April 2017.

We also searched the following trial registries for the latest clinical

investigations and treatment in order to identify unpublished stud-

ies, ongoing studies and potential relevant trials. Searched terms

can be found in Appendix 3.

• ClinicalTrials.gov (https://clinicaltrials.gov)

• metaRegister of Current Controlled Trials (mRCT) (

www.controlled-trials.com/mrct/)

• World Health Organisation International Clinical Trials

Registry Platform (ICTRP) (www.who.int/ictrp/en/)

Date of last search: 04 January 2017.

Data collection and analysis

Selection of studies

Two review authors aimed to independently check the titles and

abstracts identified from the searches. However, no eligible RCTs

were found. For future updates, the authors will adhere to the

protocol described below.

Two review authors (SK and AWT) will independently assess all the

potentially relevant trials obtained from the Information Specialist

as well as from the handsearches undertaken by the authors. If

there is disagreement between two authors, the third review author

(NNT) will arbitrate and the three authors will discuss and finalise

the selection of trials. The authors will select the trials if they meet

the inclusion criteria, regardless of publication status (published,

unpublished, in press and in progress). They will also include

trials recorded and published in languages other than English. The

authors will record details of any excluded trials together with the

reasons for exclusion (Higgins 2011a).

Data extraction and management

Two review authors (SK and SM) will independently extract and

record the data from included trials using standardised data ex-

traction forms; one review author (SK) will prepare the forms

based on the checklist for data collection described in theCochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011a).

The data extraction form will include trial characteristics, such

as trial design, participants, interventions, primary and secondary

outcome measures and the analysis performed in original trials. If

there are differences in the data extracted by the first two review

authors, a third review author (SM) will check these and arbitrate.

If there are insufficient or missing data, the authors will contact

the corresponding trial investigators for additional information.

One of the review authors (SK) will enter data into the Review

Manager (RevMan) software for analysis, which another review

author (IVM) will check (RevMan 2014).

We will analyse surgical and non-surgical interventions separately.

Assessment of risk of bias in included studies

Two review authors (SK and SM) will independently assess the

risk of bias for each included trial using the criteria outlined

in theCochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011b). If there is disagreement, the third author (NNT)

will be involved and the three authors will discuss until they achieve

consensus. The authors will use Cochrane’s tool to assess risk of

bias in the included studies with regard to: random sequence gen-

eration; blinding of participants, personnel, and outcome asses-

sors; completeness of outcome data for each main outcome; selec-

tive outcome reporting; and other sources of bias. The authors will

grade studies using judgements of ’low risk’, ’high risk’ or ’unclear

risk’ of bias according to the specific criteria for each domain. They

will record all judgements in the ’Risk of bias’ tables together with

the characteristics of each included trial and will also prepare the

’Risk of bias’ summary figure. The authors will contact the trial

investigators for details of the procedures involved in the conduct

of trials and will keep their replies as evidence.

Measures of treatment effect

Dichotomous data
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The review authors will use the Mantel-Haenszel risk ratio (RR)

with 95% confidence intervals (CI) for dichotomous outcome data

(such as number of active variceal bleeding, stenosis, occlusion,

thrombosis, worsened encephalopathy and mortality). They will

further calculate the number needed to treat (NNT) for dichoto-

mous outcomes to reflect the number of participants necessary to

obtain a beneficial or harmful outcome with the intervention.

Continuous data

The review authors will use the fixed-effect mean differences (MD)

with 95% CI for continuous data variables (such as biochemi-

cal investigation results, measurements from ultrasound, measure-

ments from hepatic scintigraphy, QoL, nutritional status, respira-

tory outcomes) provided the same scales are used to measure the

outcomes in all the included trials. If trials assess the same out-

come, but measure it in different ways, then the authors will use

the standardised mean difference (SMD) as a summary statistic in

meta-analysis. If this is the case, they will prefer to report the MD

based on change from baseline over the MD based on absolute

values (Deeks 2011).

Unit of analysis issues

For dichotomous data, the participant will be the unit of analy-

sis. For continuous data, the authors will use MD which will be

the average change from baseline and not the absolute mean. For

outcomes that may occur more than once, such as active variceal

bleeding, the review authors will analyse count data as continuous

data to prevent any unit of analysis errors. They will not include

any cross-over trials or cluster-randomised trials. For trials with

two treatment arms of different interventions, the review authors

will analyse the outcomes for each arm separately.

Dealing with missing data

If data are missing the review authors will contact trial investi-

gators or sponsors in order to verify key trial characteristics and

obtain any missing numerical outcome data whenever possible. If

this is not possible and if they assume that these data are ’missing at

random’, they will perform an available case analysis (i.e. ignoring

the missing data) and discuss the impact of missing data on our

results. When the review authors assume that the missing outcome

data are ’not missing at random’, they will conduct an intention-

to-treat (ITT) analysis by imputing the missing data with replace-

ment values, and treating these as if they were observed (e.g. last

observation carried forward, imputing an assumed outcome such

as assuming all were poor outcomes, imputing the mean, imput-

ing based on predicted values from a regression analysis). The re-

view authors also plan to perform a sensitivity analysis to assess the

impact of any unknown status or assumptions made about miss-

ing data on participants who withdrew from trials on the overall

pooled result of the meta-analysis (Higgins 2011d).

Assessment of heterogeneity

The review authors plan to assess heterogeneity between the in-

cluded trials by checking for overlap of horizontal lines represent-

ing each trial on the forest plot and the Chi² test, with a 10%

level of significance. They will use the I² statistic to measure the

percentage of inconsistency in results due to inter-trial variability

in each analysis. In line with guidance in the Cochrane Handbook
for Systematic Reviews of Interventions, the review authors will con-

sider I² values from 0% to 40% to be not important; values from

30% to 60% as moderate heterogeneity; values from 50% to 90%

as substantial heterogeneity; and values over 75% as considerable

heterogeneity (Deeks 2011). If they find I² values over 50% (con-

sidered as substantial heterogeneity), they will explore it by pre-

specified subgroup analyses (see below).

Assessment of reporting biases

The review authors plan to use funnel plots to assess reporting

biases if the meta-analysis includes 10 or more trials (Sterne 2011).

They will also attempt to trace the original protocol of the trial

and compare the sample size; they will check that outcomes listed

in the methods in the protocol appear in the final reports.

Data synthesis

The review authors will analyse any relevant data using RevMan

(RevMan 2014). For the pooling of outcomes, the review authors

will use a fixed-effect model if the I² statistic is homogeneous (i.e.

I² is under 50%). They will apply a random-effects model for data

synthesis when they identify substantial heterogeneity (I² at least

50%) which can not be explained by subgroup analyses.

Subgroup analysis and investigation of heterogeneity

If the review authors identify significant heterogeneity (i.e. I²

greater than 50%), they will conduct the following subgroup anal-

yses for each group of interventions.

Pharmalogical therapy

1. Children with CFLD (aged up to 18 years) versus adults

with CFLD (aged over 18 years)

2. Different types of NSBB

3. Different doses of NSBB

4. Short-term therapy (less than six months) versus long-term

therapy (six months and over)

Endoscopic therapy

1. Children with CFLD (aged up to 18 years) versus adults

with CFLD (aged over 18 years)

2. Banding versus sclerotherapy
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TIPSS

1. Children with CFLD (aged up to 18 years) versus adults

with CFLD (aged over 18 years)

Surgical therapy

1. Children with CFLD (aged up to 18 years) versus adults

with CFLD (aged over 18 years)

2. PS shunts (selective or nonselective or partial) versus liver

transplantation

Sensitivity analysis

The review authors will perform a sensitivity analysis by repeating

the meta-analysis after exclusion of trials with an overall high risk

of bias and those with unclear methodological data from the overall

analysis.

They also plan to perform a sensitivity analysis to assess the impact

of any unknown status or assumptions made about missing data

on participants who withdrew from trials on the overall pooled

result of the meta-analysis (Higgins 2011d).

Summary of findings table

For future updates, the authors will create a ’Summary of findings’

table for each comparison presented using the methods and rec-

ommendations described in chapter 11 of theCochrane Handbook

for Systematic Reviews of Interventions (Higgins 2011c) and using

GRADEpro software for overall grading of the quality of the evi-

dence (Deeks 2011).

In the summary of the finding tables, the review authors will report

change in variceal bleeding (first bleeding episode and re-bleeding)

and portal pressure after various interventions such as pharma-

cotherapy, endoscopy and surgical interventions, which included

the development of first bleeding episode and re-bleeding follow-

ing endoscopic treatment.

They will also report the adverse effects after the interventions as

detailed in the outcome measures above.

Lastly, they will report the all-cause mortality and QoL in the

summary of findings tables.

R E S U L T S

Description of studies

Results of the search

No RCTs were identified in the comprehensive searches under-

taken for this review (Figure 1).

8Interventions for preventing and managing advanced liver disease in cystic fibrosis (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Figure 1. Figure 1 PRISMA study flow diagram
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Included studies

The authors did not identify any trials which were eligible for

inclusion in this review.

Excluded studies

We identified 25 potentially relevant trials, all of which were ex-

cluded after checking the abstracts or full text as these trials did

not meet with the eligible criteria for inclusion in our review. Out

of the 25 trials, nine were excluded as they were not RCTs. A fur-

ther 16 trials were excluded as they did not examine the types of

interventions we planned to evaluate.The reasons for exclusion of

studies are described in the table of ’Characteristics of excluded

studies’.

Risk of bias in included studies

No trials met the inclusion criteria; therefore, there were no trials

for which risk of bias could be assessed in this review.

Effects of interventions

There are no trials eligible for inclusion in this review.

D I S C U S S I O N

No randomised controlled trials (RCTs) were identified which met

the inclusion criteria for this review.

Agreements and disagreements with other
studies or reviews

A relatively common, serious complication in cystic fibrosis-re-

lated liver disease (CFLD) is portal hypertension and consequent

acute bleeding of oesophageal varices. Cirrhosis and cholangio-

carcinoma, while rare, are probably more serious. Studies related

to preventing and managing of acute variceal bleeding secondary

to portal hypertension in people with CFLD are scarce. We iden-

tified only some small retrospective studies on the management

of CFLD. Clear guidelines and recommendations for treatment

based on high-level evidence for the management of this popula-

tion are currently not available.

Pharmacological interventions

The efficacy and safety of non-selective beta blockers (NSBB) in

preventing variceal bleeding has not been evaluated in people with

cystic fibrosis (CF) because of their potential adverse effects on

pulmonary disease. Moreover, the repeated general anaesthesia re-

quired for screening of therapeutic endoscopic procedures may also

reduce lung function and predispose to infection unless managed

with intravenous antibiotics and vigorous physiotherapy (Debray

2011). A few small studies and case series have shown no effects

of NSBB in children with decompensated portal hypertension.

(Ozsoylu 1985; Ozsoylu 2000; Shashidhar 1999).

Endoscopic interventions

Sclerotherapy

Prophylactic sclerotherapy is not beneficial in CF because it carries

a risk of bleeding during or following the procedure (D’Amico

1995). The preferred initial intervention for bleeding varices is oe-

sophagogastroduodenoscopy with injection sclerotherapy or band

ligation (Brigman 2006; Debray 1999; Efrati 2003; Price 1996;

Stringer 1993). Injection sclerotherapy is associated with an 86%

success rate without significant morbidity in people with CF

(D’Amico 1995; Stringer 1993).

Band ligation

Endoscopic variceal band ligation is the treatment of choice for

primary variceal prophylaxis (Funakoshi 2012; Mileti 2011). Band

ligation is also the preferred approach for secondary variceal pro-

phylaxis (Flass 2013), especially in older children and adults

(Brigman 2006). This method can also be used to manage the

difficult variceal bleeding in people with CF (Garcia-Tsao 2007).

However, band ligation can also carry a risk of bleeding both dur-

ing and following the procedure which may result in repeated gen-

eral anaesthesia with increased morbidity in people with CF.

Transjugular intrahepatic porto-systemic stent shunt

(TIPSS)

Use of TIPSS may be reserved for individuals with variceal haem-

orrhage refractory to sclerotherapy. It can also be used on an emer-

gency basis in individuals who are actively bleeding, or in those

who exhibit rapid progression to liver failure (Debray 1999). Both

as a long-term therapy for portal hypertension and as a bridge for

liver transplantation, TIPSS can effectively control variceal bleed-

ing (Brigman 2006); indeed, TIPSS controls active variceal bleed-

ing in more than 90% of cases. Shunt stenosis is the principal lim-
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iting factor of TIPSS. The technique and complications in chil-

dren are comparable to those in adults.

Surgical porto-systemic (PS) shunt

A surgical PS shunt may also be reserved for refractory cases as

a secondary measure. Partial splenectomy with splenorenal shunt

was reported to have a favourable outcome in 15 of 19 individuals

with CF with portal hypertension, with the improvement in liver

function and portal hypertensive symptoms, significantly delay-

ing or obviating the need for liver transplantation (Louis 2007).

Surgical PS shunting can permanently reduce portal pressure and

relieve portal hypertension in those without progressive liver and

lung failure (Debray 1999; Efrati 2003). Surgical PS shunting has

been used to preserve liver function, but carries the risk of acute

liver failure and hepatic encephalopathy (Debray 2011); it offers

a prolonged alternative treatment for refractory bleeding (Efrati

2003).

Liver transplantation

The established indications for liver transplant in CF include cir-

rhosis with evidence for hepatic decompensation or uncontrol-

lable variceal bleeding. Some retrospective reviews have shown

that there was a significant survival advantage in both adults and

children with CF cirrhosis receiving liver transplant compared to

those with cirrhosis who did not receive a transplant (Lu 2010;

Mendizabal 2011).

A U T H O R S ’ C O N C L U S I O N S

Implications for practice

Many RCTs have shown the efficacy and safety of interventions

for preventing (primary as well as secondary) and controlling the

bleeding of oesophageal varices in non-CF adults. However, we

were not able to deduce exactly the same results from these inter-

ventions and apply them in managing children and adults with

advanced CFLD.

Conclusions could not be drawn with regard to the efficacy and

safety of interventions for advanced CFLD due to a lack of RCTs

in this field. Currently, the decision about the choice of treatment

should be based on the best available level of evidence, clinicians’

experience, and the clinical situation of individuals.

The authors will continue to search for clinical trials eligible to

include in the review every two years and update the review if new

evidence is found.

Implications for research

Our systematic review has identified the need for a well-designed,

high-powered, multicentre RCT to assess the efficacy and safety of

the interventions for advanced liver disease in people with CF. For

the future research, the primary outcome of the trials should be a

change in variceal bleeding, in terms of development of first bleed-

ing episode (primary prevention) and re-bleeding following treat-

ments (secondary prevention), a change in portal pressure with

intervention that employed for portal decompression, the overall

survival of both the graft and the patient in cases of liver trans-

plantation, and adverse effects of interventions. The important

secondary outcomes should include nutritional status (body mass

index, standard deviation (SD) score (z score) for weight, SD score

(z score) for height, respiratory outcomes (forced expiratory vol-

ume at one second (FEV ), forced vital capacity (FVC), SD score

(z scores) for FEV /FVC ratio), quality of life as measured by

a validated scoring system, e.g. the Cystic Fibrosis Questionnaire

Revised (CFQ-R) (Quittner 2009), need for liver transplantation,

mortality (bleeding-related mortality, all-cause mortality).
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Belli 1987 Examined the effects of taurine supplementation on the absorption of a fat meal

Bittner 1991 Evaluated the effect of UDCA in CF and hepatopathy. Treatment with UDCA is not a relevant treatment

to this review as its main purpose of use is to delay the progression of CFLD. Our review evaluates the

interventions for advanced liver disease in cystic fibrosis; i.e. interventions for prevention (primary and

secondary) and treatment of oesophageal variceal bleeding due to portal hypertension in CFLD

Colombo 2002 Not a RCT. Prospective observational study on incidence, risk factors and outcome of CFLD

Colombo 1992 Evaluated the effect of UDCA in CF liver disease. Treatment with UDCA is not a relevant treatment to this

review as its main purpose of use is to delay the progression of CFLD. Our review evaluates the interventions

for advanced liver disease in cystic fibrosis; i.e. interventions for prevention (primary and secondary) and

treatment of oesophageal variceal bleeding due to portal hypertension in CFLD

Colombo 1996 Long-term follow-up study evaluating UDCA for CFLD. Treatment with UDCA is not a relevant treatment

to this review as its main purpose of use is to delay the progression of CFLD. Our review evaluates the

interventions for advanced liver disease in cystic fibrosis; i.e. interventions for prevention (primary and

secondary) and treatment of oesophageal variceal bleeding due to portal hypertension in CFLD

Darling 1985 Examined the effects of taurine supplementation on fat absorption in CF

Fleet 2000 Case study, not a RCT.

Kapustina 2000 Evaluated the effect of UDCA on lipid metabolism in people with CF. Treatment with UDCA is not a relevant

treatment to this review as its main purpose of use is to delay the progression of CFLD. Our review evaluates

the interventions for advanced liver disease in cystic fibrosis; i.e. interventions for prevention (primary and

secondary) and treatment of oesophageal variceal bleeding due to portal hypertension in CFLD

Lamireau 2006 Not a RCT.

Lepage 1997 Examined the effect of UDCA on the hepatic metabolism of essential fatty acid in children with CF.

Treatment with UDCA is not a relevant treatment to this review as its main purpose of use is to delay the

progression of CFLD. Our review evaluates the interventions for advanced liver disease in cystic fibrosis; i.

e. interventions for prevention (primary and secondary) and treatment of oesophageal variceal bleeding due

to portal hypertension in CFLD

Merli 1994 Examined the effect of a medium dose of UDCA with or without taurine supplementation on the nutritional

status of people with CF. Treatment with UDCA is not a relevant treatment to this review as its main purpose

of use is to delay the progression of CFLD. Our review evaluates the interventions for advanced liver disease

in cystic fibrosis; i.e. interventions for prevention (primary and secondary) and treatment of oesophageal

variceal bleeding due to portal hypertension in CFLD
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(Continued)

Mieles 1991 Not a RCT.

Narkewicz 1994 Evaluated the effect of UDCA for CFLD on indirect tests of hepatic function. Treatment with UDCA is

not a relevant treatment to this review as its main purpose of use is to delay the progression of CFLD. Our

review evaluates the interventions for advanced liver disease in cystic fibrosis; i.e. interventions for prevention

(primary and secondary) and treatment of oesophageal variceal bleeding due to portal hypertension in CFLD

Nightingale 2010 A retrospective non-RCT.

Noble-Jamieson 1994 Non-randomised study.

O’Brien 1992 Assessed the effect of UDCA in CFLD. Treatment with UDCA is not a relevant treatment to this review

as its main purpose of use is to delay the progression of CFLD. Our review evaluates the interventions

for advanced liver disease in cystic fibrosis; i.e. interventions for prevention (primary and secondary) and

treatment of oesophageal variceal bleeding due to portal hypertension in CFLD

Pozler 2003 Not a RCT.

Pukhalsky 2008 Evaluated anti-inflammatory treatment on low frequency hepato-biliary abnormalities in people with CF

Roland 2011 Not a RCT, a cohort study.

Schuster 1977 Not a RCT, a cohort study.

Smith 1991 Examined the effects of taurine on faecal fatty acid and sterol excretion in CF

Spray 1998 Prospective study of the role of UDCA on histological changes in children with CFLD. Treatment with

UDCA is not a relevant treatment to this review as its main purpose of use is to delay the progression of

CFLD. Our review evaluates the interventions for advanced liver disease in cystic fibrosis; i.e. interventions

for prevention (primary and secondary) and treatment of oesophageal variceal bleeding due to portal hyper-

tension in CFLD

Thomas 1995 Examined the effect of UDCA on malabsorption of vitamin E in CF. Treatment with UDCA is not a relevant

treatment to this review as its main purpose of use is to delay the progression of CFLD. Our review evaluates

the interventions for advanced liver disease in cystic fibrosis; i.e. interventions for prevention (primary and

secondary) and treatment of oesophageal variceal bleeding due to portal hypertension in CFLD

Thompson 1987 Assessed protein metabolism in CF, response to malnutrition and taurine supplementation

Van de Meeberg 1997 Long-term follow up of low-dose versus high-dose UDCA in cholestasis related to CF. Treatment with UDCA

is not a relevant treatment to this review as its main purpose of use is to delay the progression of CFLD. Our

review evaluates the interventions for advanced liver disease in cystic fibrosis; i.e. interventions for prevention

(primary and secondary) and treatment of oesophageal variceal bleeding due to portal hypertension in CFLD

CF: cystic fibrosis

CFLD: cystic fibrosis liver disease

RCT; randomised controlled trial
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UDCA: ursodeoxycholic acid
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D A T A A N D A N A L Y S E S

This review has no analyses.

A P P E N D I C E S

Appendix 1. Subject specific glossary

Term Explanation

ascites an abnormal accumulation of fluid within the abdomen

anastomosis a connection that is created between tubular structures, such as blood vessels or loops of

intestine, e.g. when part of an intestine is surgically removed, the two remaining ends are sewn

or stapled together

cholangiopathy any disease of the bile ducts

clavicle the bone extending from the breastbone (sternum) at the base of the front of the neck to the

shoulder, also known as the collarbone

collaterals a side branch, as of a blood vessel or nerve

coagulation (also known as clotting) is the process by which blood changes from a liquid to a gel

encephalopathy a general term describing a disease that affects the function or structure of your brain

epigastrium the part of the abdominal wall that is above the belly button

extrahepatic portal vein thrombosis the development of a blood clot in the vein outside the liver that brings blood into the liver

focal biliary cirrhosis inflammation and scarring of the liver tissue and bile ducts at one particular site of the liver,

further impairing the release of bile and overall liver function

hepatic relating to affecting, associated with, supplying or draining the liver

hepatic venous pressure the venous pressure differences between portal vein and Inferior vena cava (a large vein which

carries blood from lower part of the body to the heart ) distal to the liver

hepatic encephalopathy brain dysfunction directly due to liver dysfunction, most often recognized in advanced liver

disease

hepatic portal system a group of veins that carry blood from blood vessels in the stomach, intestine, spleen and

pancreas which merge into the portal vein, which then branches into smaller vessels and travels

through the liver
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(Continued)

heterogenous different in kind, diverse, unlike each other

intrahepatic within the liver

intravascular within blood vessels

isotope any of two or more types of atoms of a chemical element with the same atomic number and

nearly identical chemical behavior but with a different number of neutrons (that is, a greater

or lesser atomic mass) than the standard for that element and different physical properties

jugular of or relating to the throat or neck or relating to the jugular vein

lesser omentum part of the membrane that forms the lining of the abdominal cavity which is found in a double

layer and goes from the beginning of the small intestine and stomach’s lesser curvature to the

liver

mesenteric relating to the peritoneal or membranous fold attaching the small intestine to the dorsal body

wall

mid-clavicular line a vertical line passing through the midpoint of the collarbone

occlusion a shutting off, blocking or obstruction of something

oesophagus the tube that connects the pharynx (throat) with the stomach, in humans it is about 23 cm

long

parenchymal the essential and distinctive tissue of an organ or an abnormal growth as distinguished from its

supportive framework

parenchymal echogenicity In ultrasonography, the extent to which functional part of an organ or structure gives rise to

reflections of ultrasonic waves

portal hypertension an increase in the blood pressure within a system of veins called the portal venous system (or

hepatic portal system - see above)

porto-systemic shunt also known as a liver shunt, is a bypass of the liver by the body’s circulatory system i.e. a blood

vessel that carries blood around the liver instead of through it

splenomegaly enlargement of the spleen

spleen the spleen plays multiple supporting roles in the body, acting as a filter for blood as part of the

immune system, recycling old red blood cells and storing platelets and white blood cells; it also

helps fight certain kinds of bacteria that cause pneumonia and meningitis

splenorenal of relating to or joining the veins in the spleen veins or arteries in the kidneys

steatosis a build up of fat in the liver
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(Continued)

stenosis a narrowing of a passage or vessel

scintigraphy a diagnostic technique which uses small amounts of radioactive materials called radiotracers,

a special camera and a computer to evaluate an organ’s function and anatomy and determine

whether it is working properly

technetium a radioactive tracer isotope widely used in nuclear medicine e.g. scintigraphy (see above)

thrombosis formation or presence of a blood clot in a blood vessel

varices

(singular: varix)

abnormally dilated and lengthened veins, arteries or lymph vessels, e.g. a varicose vein

Appendix 2. Glossary of statistical terms

Term Explanation

Chi² test a statistical test based on comparison of a test statistic to a Chi² distribution; used in RevMan

analyses to test the statistical significance of the measure of heterogeneity

dichotomous related with scale for grouping into two categories only

forest plot a graphical representation of the individual results of each study included in a meta-analysis

together with the combined meta-analysis result; it allows readers to see the variety between

individual study results. The results of individual studies are shown as squares centred on each

study’s point estimate. A horizontal line runs through each square to show each study’s confidence

interval - usually, but not always, a 95% confidence interval. The overall estimate from the meta-

analysis and its confidence interval are shown at the bottom, represented as a diamond. The

centre of the diamond represents the pooled point estimate, and its horizontal tips represent the

confidence interval

I² statistic a measure of heterogeneity (difference); it describes the percentage of the variability in effect

estimates that is due to real differences rather than sampling error (chance). A value greater than

50% may be considered to represent substantial heterogeneity

intention-to-treat (ITT) principle a strategy for analysing data from a randomised controlled trial where all participants are included

in the group to which they were allocated, whether or not they received (or completed) the

treatment given to that group. ITT analysis prevents bias caused by the loss of participants, which

may disrupt the equality between groups at the start of the study established by randomisation and

which may reflect non-adherence to the protocol. The term is often misused in trial publications

when some participants are excluded

odds ratio the ratio of the odds of an event happening in one group compared to the odds of an event

happening in another group. In studies of treatment effect, the odds in the treatment group are

usually divided by the odds in the control group. An odds ratio of one indicates no difference
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between comparison groups. For undesirable outcomes an odds ratio that is less than one indicates

that the intervention was effective in reducing the risk of that outcome. When the risk is small,

odds ratios are very similar to risk ratios

quasi-randomised controlled trial a trial using methods of allocating people to a particular group which are not random, but were

intended to produce similar groups of participants. Quasi-random methods include using the

person’s date of birth, the day of the week or month of the year, a person’s medical record number,

or just putting people into alternate groups. In practice, these methods of allocation are relatively

easy to manipulate, introducing selection bias

randomised controlled trial an experiment where two or more interventions (possibly including a control intervention or

no intervention) are compared by putting participants into intervention groups at random. In

most trials each person is put into one intervention group, but sometimes assignment is to

defined groups of individuals (for example, in a household) or interventions are assigned within

individuals (for example, in different orders or to different parts of the body)

Review Manager 5 software developed for Cochrane to help review authors to produce Cochrane Reviews

sensitivity analysis an analysis used to determine how sensitive the results of a study or systematic review are to

changes in how it was done, they are used to assess how robust the results are to uncertain

decisions or assumptions about the data and the methods that were used

Appendix 3. Search strategies

https://clinicaltrials.gov

Cystic fibrosis AND Liver disease

Cystic fibrosis AND Cirrhosis of liver

Cystic fibrosis AND Portal hypertension

Cystic fibrosis AND Liver disease AND Portal hypertension

Cystic fibrosis AND Oesophageal varices

Cystic fibrosis AND Variceal bleeding

Cystic fibrosis AND Treatment of oesophageal varices

Cystic fibrosis AND Esophageal variceal banding

Cystic fibrosis AND Sclerotherapy of oesophageal varices

Cystic fibrosis AND beta-blockers for oesophageal varices

Cystic fibrosis AND transjugular intrahepatic porto-systemic stent shunt (TIPSS)

Cystic fibrosis AND Liver transplantation for advanced liver disease

www.controlled-trials.com/mrct/

Cystic fibrosis

Cystic fibrosis AND Liver disease

Cystic fibrosis AND Cirrhosis of liver

Cystic fibrosis AND Portal hypertension

Cystic fibrosis AND Liver disease AND Portal hypertension

Cystic fibrosis AND Oesophageal varices

Cystic fibrosis AND Variceal bleeding

Cystic fibrosis AND Treatment of oesophageal varices

Cystic fibrosis AND Esophageal variceal banding

Cystic fibrosis AND Sclerotherapy of oesophageal varices

Cystic fibrosis AND beta-blockers for oesophageal varices
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Cystic fibrosis AND transjugular intrahepatic porto-systemic stent shunt (TIPSS)

Cystic fibrosis AND Liver transplantation for advanced liver disease

www.who.int/ictrp/en/ or http://apps.who.int/trialsearch/

Cystic fibrosis

Cystic fibrosis AND Liver disease

Cystic fibrosis AND Cirrhosis of liver

Cystic fibrosis AND Portal hypertension

Cystic fibrosis AND Liver disease AND Portal hypertension

Cystic fibrosis AND Oesophageal varices

Cystic fibrosis AND Variceal bleeding

Cystic fibrosis AND Treatment of oesophageal varices

Cystic fibrosis AND Esophageal variceal banding

Cystic fibrosis AND Sclerotherapy of oesophageal varices

Cystic fibrosis AND beta-blockers for oesophageal varices

Cystic fibrosis AND transjugular intrahepatic porto-systemic stent shunt (TIPSS)

Cystic fibrosis AND Liver transplantation for advanced liver disease

C O N T R I B U T I O N S O F A U T H O R S

Roles and responsibilities

Task Who will undertake the task?

Protocol stage: draft the protocol SK, SM, NNT, IVM, AWT

Review stage: select which trials to include (2 + 1 arbiter) SK, NNT, AWT

Review stage: extract data from trials (2 people) SK, SM

Review stage: enter data into RevMan SK, IVM, NNT

Review stage: carry out the analysis SK, SM, NNT, AWT

Review stage: interpret the analysis SK, SM, IVM, AWT

Review stage: draft the final review SK, NNT, IVM, AWT

Update stage: update the review SK, SM, NNT, IVM, AWT
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D E C L A R A T I O N S O F I N T E R E S T

All authors: none known.

S O U R C E S O F S U P P O R T

Internal sources

• No sources of support supplied

External sources

• National Institute for Health Research, UK.

This systematic review was supported by the National Institute for Health Research, via Cochrane Infrastructure funding to the

Cochrane Cystic Fibrosis and Genetic Disorders Group.

I N D E X T E R M S

Medical Subject Headings (MeSH)

Cystic Fibrosis [∗complications]; Liver Diseases [etiology; ∗prevention & control]

MeSH check words

Humans
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