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A B S T R A C T

Background

Impaired mucociliary clearance characterises lung disease in cystic fibrosis (CF). Hypertonic saline enhances mucociliary clearance and
may lessen the destructive inflammatory process in the airways. This is an update of a previously published review.

Objectives

To investigate eLicacy and tolerability of treatment with nebulised hypertonic saline on people with CF compared to placebo and or other
treatments that enhance mucociliary clearance.

Search methods

We searched the Cochrane Cystic Fibrosis and Genetic Disorders Group's Cystic Fibrosis Trials Register, comprising references identified
from comprehensive electronic database searches, handsearches of relevant journals and abstract books of conference proceedings. We
also searched ongoing trials databases.

Date of most recent searches: 08 August 2018.

Selection criteria

Randomised and quasi-randomised controlled trials assessing hypertonic saline compared to placebo or other mucolytic therapy, for any
duration or dose regimen in people with CF (any age or disease severity).

Data collection and analysis

Two authors independently reviewed all identified trials and data, and assessed trial quality. The quality of the evidence was assessed
using GRADE.

Main results

A total of 17 trials (966 participants, aged 4 months to 63 years) were included; 19 trials were excluded, three trials are ongoing and 16
are awaiting classification. We judged 14 of the 17 included trials to have a high risk of bias due to participants ability to discern the taste
of the solutions.

Hypertonic saline 3% to 7% versus placebo

At four weeks, we found very low-quality evidence from three placebo-controlled trials (n = 225) that hypertonic saline (3% to 7%, 10 mL
twice-daily) increased the mean change from baseline of the forced expiratory volume at one second (FEV1) (% predicted) by 3.44% (95%
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confidence interval (CI) 0.67 to 6.21), but there was no diLerence between groups in lung clearance index in one small trial (n = 10). By
48 weeks the eLect was slightly smaller in one trial (n = 134), 2.31% (95% CI -2.72 to 7.34) (low-quality evidence). No deaths occurred in
the trials. Two trials reporting data on exacerbations were not combined as the age diLerence between the participants in the trials was
too great. One trial (162 adults) found 0.5 fewer exacerbations requiring antibiotics per person in the hypertonic saline group; the second
trial (243 children, average age of two years) found no diLerence between groups (low-quality evidence). There was insuLicient evidence
reported across the trials to determine the rate of diLerent adverse events such as cough, chest tightness, tonsillitis and vomiting (very
low-quality evidence). Four trials (n = 80) found very low-quality evidence that sputum clearance was better with hypertonic saline.

A further trial was performed in adults with an acute exacerbation of lung disease (n = 132). The eLects of hypertonic saline on short-term
lung function, 5.10% higher (14.67% lower to 24.87% higher) and the time to the subsequent exacerbation post-discharge, hazard ratio
0.86 (95% CI 0.57 to 1.30) are uncertain (low-quality evidence). No deaths were reported. Cough and wheeze were reported but no serious
adverse events (very low-quality evidence).

Hypertonic saline versus mucus mobilising treatments

Three trials compared a similar dose of hypertonic saline to recombinant deoxyribonuclease (rhDNase); two (61 participants) provided
data for inclusion in the review. There was insuLicient evidence from one three-week trial (14 participants) to determine the eLects of
hypertonic saline on FEV1 % predicted, mean diLerence (MD) 1.60% (95% CI -7.96 to 11.16) (very low-quality evidence). In the second trial,

rhDNase led to a greater increase in FEV1 % predicted than hypertonic saline (5 mL twice daily) at 12 weeks in participants with moderate to

severe lung disease, MD 8.00% (95% CI 2.00 to 14.00) (low-quality evidence). One cross-over trial (47 participants) reported 15 exacerbations
during treatment with hypertonic saline and 18 exacerbations in the rhDNase group (low-quality evidence). Increased cough was reported
in 13 participants using hypertonic saline and 17 on daily rhDNase in one cross-over trial of 47 people (low-quality evidence). There was
insuLicient evidence to assess rates of other adverse events reported. No deaths were reported.

One trial (12 participants) compared hypertonic saline to amiloride and one (29 participants) to sodium-2-mercaptoethane sulphonate.
Neither trial found a diLerence between treatments in any measures of sputum clearance; additionally the comparison of hypertonic saline
and sodium-2-mercaptoethane sulphonate reported no diLerences in courses of antibiotics or adverse events (very low-quality evidence).

One trial (12 participants) compared hypertonic saline to mannitol but did not report lung function at relevant time points for this review;
there were no diLerences in sputum clearance, but mannitol was reported to be more 'irritating' (very low-quality evidence).

Authors' conclusions

Regular use of nebulised hypertonic saline by adults and children over the age of 12 years with CF results in an improvement in lung function
aPer four weeks (very low-quality evidence from three trials), but this was not sustained at 48 weeks (low-quality evidence from one trial).
The review did show that nebulised hypertonic saline reduced the frequency of pulmonary exacerbations (although we found insuLicient
evidence for this outcome in children under six years of age) and may have a small eLect on improvement in quality of life in adults.

Evidence from one small cross-over trial in children indicates that rhDNase may lead to better lung function at three months; qualifying this
we highlight that while the study did demonstrate that the improvement in FEV1 was greater with daily rHDNase, there were no diLerences

seen in any of the secondary outcomes.

Hypertonic saline does appear to be an eLective adjunct to physiotherapy during acute exacerbations of lung disease in adults. However,
for the outcomes assessed, the quality of the evidence ranged from very low to at best moderate, according to the GRADE criteria.

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

Hypertonic saline (salt water with at least 3% salt) nebulised as a fine mist through a mask or mouthpiece for cystic fibrosis

Review question

We reviewed the evidence for treatment with nebulised hypertonic saline compared to placebo or other agents for improving mucus
clearance in the lungs of people with cystic fibrosis (CF).

Background

People with CF produce large amounts of thick mucus which is diLicult to clear and blocks up their airways. Chest physiotherapy or
medication e.g. hypertonic saline, or both combined, are used to try and clear this mucus from the airways. Hypertonic saline is water with
a concentration of 3% to 7% salt and is inhaled as a fine mist. This is an update of an earlier review.

Search date

The evidence is current to: 08 August 2018.

Trial characteristics

Nebulised hypertonic saline for cystic fibrosis (Review)
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We included 17 trials with 966 participants with CF aged between 4 months and 63 years. Eleven trials compared hypertonic saline to
isotonic saline (water with 0.12 to 0.9% salt (described as placebo (a dummy treatment)); one trial compared isotonic saline and voluntary
cough to hypertonic saline or mannitol 300 mg; three trials compared hypertonic saline to rhDNase (Pulmozyme®); one trial compared
hypertonic saline to amiloride; and one trial compared hypertonic saline to Mistabron®. Trials assessed diLerent concentrations of
hypertonic saline with diLerent nebulisers and diLerent treatment schedules; the most common treatment was twice-daily 7% hypertonic
saline and the most common nebuliser was ultrasonic. Most trials treated people with a bronchodilator to widen the airways before giving
the hypertonic saline.

Key results

Hypertonic saline 3% to 7% versus placebo

In three trials (225 people) lung function improved aPer four weeks, but only one trial (164 people) reported results aPer 48 weeks, and
showed no diLerence in lung function. No deaths were reported. One adult trial reported fewer exacerbations needing antibiotics with
hypertonic saline than with placebo, but a trial in children found no diLerence in this outcome. There was not enough information to
properly assess adverse events such as cough, chest tightness, tonsillitis and vomiting. In four trials (80 participants) sputum clearance
was better with hypertonic saline.

One trial in 132 adults with an exacerbation reported uncertain eLects of hypertonic saline on short-term lung function and the time to
the next exacerbation aPer discharge from hospital. No deaths were reported. Side eLects such as cough and wheeze were reported, but
there were no serious side eLects.

Hypertonic saline versus mucus mobilising treatments

We could analyse data from two of the three trials comparing hypertonic saline to rhDNase (61 participants). In one trial there was no
diLerence in lung function at three weeks, but the second reported rhDNase led to a greater increase in lung function at 12 weeks in
people with moderate to severe disease. One trial (47 participants) reported no diLerence in the number of exacerbations, but there was
increased cough with hypertonic saline compared to rhDNase. There was not enough information to assess other side eLects. No deaths
were reported.

One trial (12 participants) compared hypertonic saline to amiloride and one (n = 29) to Mistabron®. Neither trial found a diLerence between
treatments in any measures of sputum clearance. The trial comparing hypertonic saline and Mistabron® also reported no diLerences in
how many antibiotic courses were prescribed or in side eLects.

The trial comparing hypertonic saline to mannitol (12 participants) did not report lung function at relevant time points for this review;
there were no diLerences in sputum clearance, but mannitol was reported to be more 'irritating' .

Quality of the evidence

The risks of bias due to people not being randomly chosen to receive diLerent treatments or due to not all results being reported range
from low to unclear, but there is a high risk that people knew which treatment they were receiving in half the trials as they could taste the
diLerence between the solutions.

The quality of the evidence was low or very low. Besides the risks of bias, the main problems were the small numbers of participants in
trials combined with a wide variation in results; also, some trials limited participants to those who could tolerate hypertonic saline or to
certain age groups.

Nebulised hypertonic saline for cystic fibrosis (Review)
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Summary of findings for the main comparison.   Hypertonic saline 3% to 7% versus isotonic saline for cystic fibrosis (stable lung disease)

Hypertonic saline 3% to 7% versus isotonic saline for cystic fibrosis (stable lung disease)

Patient or population: adults and children with cystic fibrosis (stable lung disease)

Settings: outpatients

Intervention: hypertonic saline 3% to 7%

Comparison: isotonic saline

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Isotonic saline Hypertonic saline 3% to 7%

Relative effect
(95% CI)

No of partici-
pants
(trials)

Quality of the
evidence
(GRADE)

Comments

FEV1 (% predict-

ed) change from
baseline, short
term

Follow-up: 4
weeks

The mean change in FEV1 (% pre-

dicted) ranged from -1.42 to 2.8 in
the isotonic saline groups.

The mean change in FEV1 (% predict-

ed) was 3.44 higher (0.67 higher to
6.21 higher) in the hypertonic saline
group.

NA 225

(3 trials)1

⊕⊝⊝⊝

very low2, 4, 5,

6

 

FEV1 (% predict-

ed) change from
baseline, long
term

Follow-up: 48
weeks

The mean change in FEV1 (% pre-

dicted) was 2.44 in the isotonic
saline group.

The mean change in FEV1 (% predict-

ed) was 2.31 higher (2.72 lower to
7.34 higher) in the hypertonic saline
group.

NA 134

(1 trial)

⊕⊕⊝⊝

low2, 3

The included
trial also mea-
sured change
in FEV1 (% pre-

dicted) at:

12 weeks, MD
4.10 (95% CI
-0.08 to 8.28);
24 weeks, MD
5.37 (95% CI
1.03 to 9.71);
and 36 weeks,
MD 3.63 (95% CI
-1.56 to 8.82).
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LCI

Follow-up: 4
weeks

The mean LCI was 8.89 in the iso-
tonic saline group.

The mean LCI was 1.03 lower (2.76
lower to 0.70 higher) in the hyperton-
ic saline group.

NA 10

(1 trial)

⊕⊝⊝⊝

very low5, 7

Trial had a
cross-over de-
sign.

Mortality Outcome not reported. NA NA NA  

Measures of spu-
tum clearance

Follow-up: up to
24 hours

The trials used radio-labelled aerosol clearance and an 'area under the
curve' measure to assess mucociliary clearance.

Both measures significantly favoured treatment with hypertonic saline.

NA 80
(4 trials)

⊕⊝⊝⊝

very low2, 4, 5

All trials had
cross-over de-
sign.

Pulmonary exac-
erbations

Follow-up: up to
48 weeks

One trial showed that there were fewer exacerbations per year requiring
intravenous antibiotic therapy in the hypertonic saline group than in the
isotonic saline group and that the interval during which participants re-
mained free of exacerbations was also significantly longer in the hyper-
tonic saline group.

The second trial found no significant differences in the mean number of
exacerbations per year.

There was no difference reported in hospitalisation rates between the hy-
pertonic saline group and the controls.

NA 415

(2 trials)

⊕⊕⊝⊝

low2, 8

 

Adverse events

Follow up: up to
48 weeks

There were no significant difference between treatment groups in ad-
verse events including cough, chest tightness, pharyngitis, haemoptysis,
sinusitis, sneezing, tonsillitis and vomiting

NA 589

(6 trials)9

⊕⊝⊝⊝

very low2, 4, 5

 

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; FEV1: forced expiratory volume in 1 second;LCI: lung clearance index; MD: mean difference; NA: not applicable.

GRADE Working Group grades of evidence
High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

1. 1 trial (n = 19) was of a cross-over design.
2. Downgraded once due to applicability: results apply only to those who can tolerate hypertonic saline.
3. Downgraded once due to imprecision; small sample size which did not achieve the targeted sample size generated by the power calculation.
4. Downgraded once due to risk of bias: high risk of detection bias as participants could discern the taste of the intervention and also limited information about trial methods.
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5. Downgraded once due to imprecision: cross-over trials analysed as a parallel trials (due to available data) which is likely to over-estimate the within study variability and
increase imprecision.
6. Downgraded once due to inconsistency: substantial heterogeneity (I2 = 67%) which may have originated from diLerent age groups recruited in the trials or diLerent baseline
levels of lung function.
7. Downgraded once due to applicability: results apply only to those who can tolerate hypertonic saline and the trial only included children aged 6 to 18 years, so results may
not apply to adults.
8. Downgraded once due to risk of bias: one trial was at high risk of detection bias as participants could discern the taste of the intervention.
9. 4 trials (n = 104) were of a cross-over design.
 
 

Summary of findings 2.   Hypertonic saline 3% to 7% versus isotonic saline for cystic fibrosis (during acute exacerbations of lung disease)

Hypertonic saline 3% to 7% versus isotonic saline for cystic fibrosis (during acute exacerbations of lung disease)

Patient or population: adults and children with cystic fibrosis (during acute exacerbations of lung disease)

Settings: hospitalised patients and outpatients

Intervention: hypertonic saline 3% to 7%

Comparison: isotonic saline

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Isotonic saline Hypertonic saline 3% to 7%

Relative effect
(95% CI)

No of partici-
pants
(trials)

Quality of the
evidence
(GRADE)

Comments

FEV1 (% predicted) change

from baseline, short term

Follow-up: approximately 14
days (at time of hospital dis-
charge)

The mean % change in
FEV1 (% predicted) was

32.3% in the isotonic
saline group.

The mean % change in FEV1 (%

predicted) was 5.10% higher
(14.67% lower to 24.87% high-
er) in the hypertonic saline 3%
to 7% group.

NA 132

(1 trial)

⊕⊕⊝⊝

low1,2

 

FEV1 (% predicted) change

from baseline, long term

Follow-up: NA

Outcome not reported. NA NA NA  

LCI

Follow-up: NA

Outcome not reported. NA NA NA  
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Mortality

Follow-up: NA

No deaths were reported in either trial. NA 142

(2 trials)

⊕⊕⊝⊝

low2,3

1 trial had a
cross-over de-
sign.

Measures of sputum clear-
ance

Follow-up: NA

Outcome not reported. NA NA NA  

Pulmonary exacerbations

Follow-up: up to 1 year

There was no significant difference between the groups in
time until the next pulmonary exacerbation requiring hospi-
talisation.

HR 0.86 (95% CI
0.57 to 1.30)

132

(1 trial)

⊕⊕⊝⊝

low1,2

 

Adverse events

Follow up: up to 1 year

Adverse events reported were cough and wheeze.

No serious adverse events were reported.

NA 142

(2 trials)

⊕⊝⊝⊝

very low2,3,4,

1 trial had a
cross-over de-
sign.

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; FEV1: forced expiratory volume in 1 second; HR: hazard ratio;LCI: lung clearance index; MD: mean difference; NA: not applicable.

GRADE Working Group grades of evidence
High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

1. Downgraded once due to risk of bias: high risk of selection bias due to sequential allocation.
2. Downgraded once due to applicability: results apply only to those who can tolerate hypertonic saline and the trial included only adults so results may not apply to children.
3. Downgraded once due to risk of bias: first trial was at high risk of detection bias as participants could discern the taste of the intervention, second trial was at high risk of
selection bias due to sequential allocation.
4. Downgraded once due to imprecision: no numerical data provided and small sample size.
 
 

Summary of findings 3.   Hypertonic saline compared with rhDNase with for cystic fibrosis

Hypertonic saline compared with rhDNase with for cystic fibrosis

Patient or population: adults and children with cystic fibrosis

Settings: outpatients

Intervention: hypertonic saline (daily)
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Comparison: rhDNase (daily)1

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

rhDNase Hypertonic saline

Relative effect
(95% CI)

No of partici-
pants
(trials)

Quality of the
evidence
(GRADE)

Comments

FEV1 (% predict-

ed) change from
baseline, short
term

Follow-up: 3
weeks

The mean change from baseline in FEV1 (% predicted)

was 1.6% higher (7.96% lower to 11.16% higher) in the
hypertonic saline group compared to the daily rhD-

Nase group.2

NA 14
(1 trial)

⊕⊝⊝⊝

very low3,4,5

Trial had a cross-over design.

No significant difference in the
primary outcome (lung function)
at this time-point, with improve-
ments only in secondary out-
comes.

FEV1 (% predict-

ed) change from
baseline, long
term

Follow-up: 3
months

The mean change from baseline in FEV1 (% predict-

ed) was 8% higher (2% higher to 14% higher) in the hy-
pertonic saline group compared to the daily rhDNase

group.2

NA 47
(1 trial)

⊕⊝⊝⊝

very low2,6,7

Trial had a cross-over design.

An additional cross-over trial of 18
participants found no difference
between treatments in FEV1 after

10 weeks (no data presented).

LCI Outcome not reported. NA NA NA  

Mortality Outcome not reported. NA NA NA  

Measures of spu-
tum clearance

Outcome not reported. NA NA NA  

Pulmonary exac-
erbations

Follow-up: NA

15 episodes occurring during treatment with hyper-
tonic saline and 18 with daily rhDNase, there was no
statistical difference between treatments (see com-
ment).

NA 47
(1 trial)

⊕⊝⊝⊝

very low2,6,7

Trial had a cross-over design.

Number of episodes reported
rather than the number of partici-
pants with exacerbations (leading
to a unit of analysis issue) so data
not entered into the analysis.

Adverse events

Follow up: 3
months

Increased cough was reported in 13 participants using
hypertonic saline and 17 on daily rhDNase. There were
similar rates of other adverse events between treat-
ment arms (see comment).

NA 47
(1 trial)

⊕⊝⊝⊝

very low2,6,7

Trial had a cross-over design, so
data not entered into analysis.

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
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CI: confidence interval; FEV1: forced expiratory volume in 1 second; LCI: lung clearance index; MD: mean difference; NA: not applicable.

GRADE Working Group grades of evidence
High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

1. An alternate day rhDNase group was also included in one of the trials (Suri 2001), but to allow a comparison across the trials, only results from the rhDNase daily group are
presented in the tables.
2. Data analysed as MD between treatment groups via generic inverse variance due to cross-over design of the trial, therefore an estimate of the assumed risk is not available.
3. Downgraded once due to risk of bias: high risk of detection bias as participants could discern the taste of the intervention and limited information was provided about the
methodological design of the trial.
4. Downgraded once due to applicability: results apply only to those who can tolerate hypertonic saline.
5. Downgraded once due to imprecision: cross-over trial analysed as a parallel trial due to available data, this approach is likely to over-estimate the within study variability and
increase imprecision, also small sample size.
6. Downgraded once due to applicability: results apply only to those who can tolerate hypertonic saline and the trial included only participants under the age of 18 so results
may not apply to adults.
7. Downgraded once due to imprecision: small sample size.
 
 

Summary of findings 4.   Hypertonic saline compared with amiloride for cystic fibrosis

Hypertonic saline compared with amiloride for cystic fibrosis

Patient or population: adults and children with cystic fibrosis

Settings: outpatients

Intervention: hypertonic saline

Comparison: amiloride

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Amiloride Hypertonic saline

Relative effect
(95% CI)

No of Partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

FEV1: change from baseline,

short term

Outcome not reported. NA NA NA  

FEV1: change from baseline, long

term

Outcome not reported. NA NA NA  
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0

LCI Outcome not reported. NA NA NA  

Mortality Outcome not reported. NA NA NA  

Measures of sputum clearance

Follow-up: 60 minutes

There was no significant difference between treatment
groups.

NA 12
(1 trial)

⊕⊝⊝⊝

very low1,2,3

Trial had cross-
over design.

Pulmonary exacerbations Outcome not reported. NA NA NA  

Adverse events Outcome not reported. NA NA NA  

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; FEV1: forced expiratory volume in 1 second; LCI: lung clearance index; NA: not applicable.

GRADE Working Group grades of evidence
High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

1 Downgraded once due to risk of bias: high risk of detection bias as participants could discern the taste of the intervention and and limited information was provided about the
trial methods (including whether a washout period was used).
2 Downgraded once due to applicability: results apply only to those who can tolerate hypertonic saline and the trial included only adults so results may not apply to children.
3 Downgraded once due to imprecision: no numerical data provided and small sample size.
 
 

Summary of findings 5.   Hypertonic saline compared with sodium-2-mercaptoethane sulphonate (Mistabron®) for cystic fibrosis

Hypertonic saline compared with sodium-2-mercaptoethane sulphonate (Mistabron®) for cystic fibrosis

Patient or population: adults and children with cystic fibrosis

Settings: outpatients

Intervention: hypertonic saline

Comparison: sodium-2-mercaptoethane sulphonate

Outcomes Illustrative comparative risks* (95%
CI)

Relative effect
(95% CI)

No of partici-
pants
(trials)

Quality of the
evidence
(GRADE)

Comments
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1
1

Assumed risk Corresponding
risk

Sodium-2-mer-
captoethane
sulphonate

Hypertonic
saline

FEV1: short term Outcome not reported. NA NA NA  

FEV1: long term Outcome not reported. NA NA NA  

LCI Outcome not reported. NA NA NA  

Mortality Outcome not reported. NA NA NA  

Measures of sputum
clearance

Follow-up: 2 months

No significant difference in sputum vol-
ume, colour or cough frequency be-
tween the groups.

NA 29
(1 trial)

⊕⊝⊝⊝

very low1,2,3

Trial had cross-over design.

Pulmonary exacer-
bations

Follow-up: 2 months

See comment. NA 29
(1 trial)

⊕⊝⊝⊝

very low1,2,3

Trial had cross-over design.

The only information provided relevant to
this outcome was that there was no change
in the number of courses of antibiotics pre-
scribed.

Adverse events

Follow-up: 2 months

See comment. NA 29
(1 trial)

⊕⊝⊝⊝

very low1,2,3

Trial had cross-over design.

Participants in both treatment groups de-
scribed coughing at the beginning of their in-
halations.

No serious adverse events occurred during
the trial.

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; FEV1: forced expiratory volume in 1 second; LCI: lung clearance index; NA: not applicable.

GRADE Working Group grades of evidence
High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.
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1
2

1 Downgraded once due to risk of bias: high risk of detection bias as participants could discern the taste of the intervention and limited information was provided about the
trial design.
2 Downgraded once due to applicability: results apply only to those who can tolerate hypertonic saline and the trial included only children aged 6 to 15 years so results may
not apply to other age groups.
3 Downgraded once due to imprecision: no numerical data provided and small sample size.
 
 

Summary of findings 6.   Hypertonic saline compared with mannitol for cystic fibrosis

Hypertonic saline compared with mannitol for cystic fibrosis

Patient or population: adults and children with cystic fibrosis

Settings: outpatients

Intervention: hypertonic saline

Comparison: mannitol

Illustrative comparative risks*
(95% CI)

Assumed risk Corresponding
risk

Outcomes

Mannitol Hypertonic
saline

Relative effect
(95% CI)

No of partici-
pants
(trials)

Quality of the
evidence
(GRADE)

Comments

FEV1: short term

Follow-up: up to 95
minutes

See comment. NA 12
(1 trial)

⊕⊝⊝⊝

very low1,2,3

Trial had cross-over design.

FEV1 was assessed in the included trial at 5 min-

utes and 95 minutes post-intervention. These
very short-term time-points are not of clinical rel-
evance to this review.

Change from baseline within-groups was report-
ed but no between-group data.

FEV1: long term Outcome not reported. NA NA NA  

LCI Outcome not reported. NA NA NA  

Mortality Outcome not reported. NA NA NA  
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3

Measures of sputum
clearance

Follow-up: up to 95
minutes

There was no significant differ-
ence between treatment groups for
matched voluntary cough.

NA 12
(1 trial)

⊕⊝⊝⊝

very low1,2,4

Trial had cross-over design.

Pulmonary exacer-
bations

Outcome not reported. NA NA NA  

Adverse events

Follow up: up to 95
minutes

See comment. NA 12
(1 trial)

⊕⊝⊝⊝

very low1,2,4

Trial had cross-over design.

Mannitol was considered to be a more 'irritating'
treatment than other treatments (4-armed trial);
no specific data given.

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; FEV1: forced expiratory volume in 1 second; LCI: lung clearance index; NA: not applicable.

GRADE Working Group grades of evidence
High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

1. Downgraded once due to risk of bias: high risk of detection bias as participants could discern the taste of the intervention and no washout period was used.
2. Downgraded once due to applicability: results apply only to those who can tolerate hypertonic saline and the trial included only participants over the age of 16 so results may
not apply to younger children.
3. Downgraded once due to applicability: the outcome measured only at very short-term time-points (minutes aPer intervention), which are not of clinical relevance to this review.
4. Downgraded once due to imprecision: no numerical data provided and small sample size.
 

C
o
ch
ra
n
e

L
ib
ra
ry

T
ru
ste

d
 e
v
id
e
n
ce
.

In
fo
rm

e
d
 d
e
cisio

n
s.

B
e
tte

r h
e
a
lth

.

  

C
o
ch
ra
n
e D

a
ta
b
a
se o

f S
ystem

a
tic R

e
vie

w
s



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

B A C K G R O U N D

Description of the condition

Cystic fibrosis (CF) is the most common life-limiting autosomal
recessive genetic disorder in populations of Northern European
descent. In 1989 the gene responsible was identified on the long
arm of chromosome 7 (Kerem 1989). This gene encodes for a
protein named the cystic fibrosis transmembrane conductance
regulator (CFTR) which functions as a chloride channel on the
surface of epithelial cells. The altered CFTR is thought to result
in defects of electrolyte transport which then cause increased
water reabsorption across respiratory epithelia. This may lead
to dehydration of the airway surface liquid, which in turn may
prevent normal clearance of mucus (Davis 1996), although the
precise mechanism by which CFTR causes abnormal mucus is still
unknown.

Description of the intervention

Improvement of sputum clearance is a major therapeutic aim
in CF. Treatments to improve mucus clearance in CF include
chest physiotherapy, with and without the addition of agents that
enhance mucus clearance. Treatment with nebulised recombinant
deoxyribonuclease (rhDNase) has been widely accepted to be of
benefit in CF (Yang 2018) and is thought to exert its major eLect
by enhancing sputum clearance. However, treatment with rhDNase
is relatively expensive and its use in most countries is restricted
as a consequence. Hypertonic saline may represent a potential
alternative or supplementary therapy to improve mucociliary
clearance in the context of long-term maintenance therapy or
during times of acute worsening of lung disease in CF.

How the intervention might work

In vitro deposition of hypertonic saline onto the airway surface
improves mucus clearance. Dasgupta demonstrated that the
addition of 3% hypertonic saline improved measures of sputum
clearance and that hypertonic saline had a greater eLect on mucus
clearance in vitro than rhDNase (Dasgupta 1995). The postulated
molecular mechanism of this eLect is as follows:

1. hypertonic saline breaks the ionic bonds within the mucus
gel, which could reduce the degree of cross linking and
entanglements and lower viscosity and elasticity (Ziment 1978);

2. with chronic infection the mucin macromolecules develop fixed
negative charges, causing increased repulsion; the addition of
hypertonic saline increases the ionic concentration of the mucus
and causes a conformational change by shielding the negative
charges and thereby reducing repulsion - this would result in
a more compact mucus macromolecule that would allow more
eLective clearance (Robinson 1997);

3. in addition hypertonic saline induces an osmotic flow of
water into the mucus layer, rehydrating secretions and thereby
improving mucus rheology (Robinson 1997).

Why it is important to do this review

In the long term, improvement in mucociliary function may reduce
bacterial load and chronic inflammation within the airways and
therefore reduce the decline in lung function that is consequent
to this. Hypertonic saline is easy and inexpensive to produce.
Therefore, it is important to determine if nebulised hypertonic
saline improves outcomes in CF, and to determine the frequency of

adverse eLects. This is an update of a previously published review
(Wark 1999; Wark 2000; Wark 2003; Wark 2009).

O B J E C T I V E S

To investigate eLicacy and tolerability of nebulised hypertonic
saline treatment in people with CF compared to placebo and or
other treatments that enhance mucociliary clearance.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Controlled clinical trials. Both random allocation and quasi-
random allocation (e.g. where there is alternate allocation to
treatment and control groups) were included.

Types of participants

People of all ages and of both sexes with CF diagnosed clinically
or by sweat and genetic testing, including all degrees of disease
severity.

Types of interventions

Nebulised hypertonic saline (defined as any concentration of
saline greater than or equal to 3% delivered via a mask or
mouthpiece with a nebuliser pump) compared to either placebo
or usual treatment or any other mucus-mobilising treatments
(including, but not limited to, physical airway clearance techniques
and medications which demonstrate improved mucus clearance
e.g. rhDNase). Miniumum treatment duration considered in this
review is a single dose. Trials comparing hypertonic saline used in
conjunction with another intervention would be considered if the
comparator group also received the second intervention.

Types of outcome measures

Primary outcomes

1. Lung function (absolute change and change in per cent (%)
predicted)
a. forced expiratory volume at one second (FEV1)

b. forced vital capacity (FVC)

c. lung volume (residual volume (RV) and total lung capacity
(TLC))

d. FEV0.5

e. lung clearance index (LCI)

2. Mortality

Secondary outcomes

1. Measures of sputum clearance (including measures of
mucociliary clearance)

2. Measures of exercise capacity

3. Measures of quality of life (QoL) and symptoms

Nebulised hypertonic saline for cystic fibrosis (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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4. Pulmonary exacerbations (where a clear definition is described
demonstrating an increase in symptoms or a decline in
pulmonary function)
a. frequency

b. admission to hospital

c. duration of hospital stay (post hoc change)

d. outpatient treatments (hospital in the home, unscheduled
visits to the doctor)

e. use of antibiotics, either intravenous, oral or inhalational

5. Medication delivery time (minutes)

6. Cost of treatment

7. Adherence to treatment with hypertonic saline along with other
treatments aPer hypertonic saline is added

8. Bacteriology in pulmonary secretions, including sputum
culture, culture from cough swab or bronchial lavage (post hoc
change)

9. Adverse eLects such as bronchospasm, cough and acute
decline in pulmonary function (acute decline will be limited to
the immediate phase of receiving treatment with hypertonic
saline to within the first three hours and described separately
to longer-term lung function data as it represents acute
bronchospasm provoked by hypertonic saline)

Search methods for identification of studies

We searched for all relevant published and unpublished trials
without restrictions on language, year or publication status.

Electronic searches

Relevant trials were identified from the Cochrane Cystic Fibrosis
and Genetic Disorders Group's Cystic Fibrosis Trials Register using
the term: hypertonic saline.

The Cystic Fibrosis Trials Register is compiled from electronic
searches of the Cochrane Central Register of Controlled Trials
(CENTRAL) (updated each new issue of theCochrane 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
conferences: the International Cystic Fibrosis Conference; the
European Cystic Fibrosis Conference and the North American Cystic
Fibrosis Conference. For full details of all searching activities for the
register, please see the relevant sections of the Group's website.

Date of the most recent search of the Group's Cystic Fibrosis Trials
Register: 08 August 2018.

We also searched the following trials registries:

• US National Institutes of Health Ongoing Trials Register
Clinicaltrials.gov (www.clinicaltrials.gov; searched 08 August
2018);

• World Health Organization International Clinical Trials Registry
Platform (WHO ICTRP) (apps.who.int/trialsearch; searched 08
August 2018).

For details of our search strategies, please see Appendix 1.

Searching other resources

We checked the bibliographies of included studies and any relevant
systematic reviews identified for further references to relevant
trials.

Data collection and analysis

Selection of studies

The authors (PW and VMM) independently selected the abstracts
found during the searches. They then discussed potential and
excluded abstracts to reach consensus. If trials were only in abstract
form, the review authors contacted the trial authors for additional
information. Both review authors then independently reviewed the
full trials and, by consensus, included them if they were suitable or
excluded them, documenting reasons for exclusion.

Data extraction and management

Two authors (PW and VMM) independently extracted data on trial
characteristics and results using standard data acquisition forms.
The authors entered the data into the Review Manager soPware
(RevMan 2014).

The authors considered data reported up to and including three
months to be short term and data reported at over three months to
be long term.

The authors obtained additional data for one trial from the
original investigators (Dentice 2016). Where an author of this
Cochrane Review was a co-author on an included trial, a third party
performed the data extraction and assessment of quality (both
risk of bias and GRADE) for that trial. This occurred when both
the current review authors were co-investigators in the National
Hypertonic Saline in Cystic Fibrosis Study trial and Ashley Jones
and a second person from the editorial base extracted the data
and assessed the risk of bias (Elkins 2006a). This was also the case
when one author (PW) was an author on one further trial, when VP
and a second person from the editorial base extracted the data and
assessed the risk of bias (Dentice 2016).

Assessment of risk of bias in included studies

Two authors assessed the risk of bias of each trial using the
Cochrane Handbook for Systeamtic Reviews of Interventions (Higgins
2011). In particular, they examined details of the generation of
allocation sequence, the concealment of treatment allocation
schedule, whether the trial was blinded, whether intention-to-treat
(ITT) analyses were possible from available data and if the number
of participants lost to follow-up or subsequently excluded from the
trial was recorded.

Measures of treatment e@ect

If the review authors find that trials do not use a ITT analysis,
then they will seek data on the number of participants with
each outcome event, by allocated treated group, irrespective of
adherence and whether or not the participant was later thought to
be ineligible or otherwise excluded from treatment or follow-up.
With regards to dichotomous outcome measures, currently none of
the trials report on mortality. For adverse event data, the authors
have calculated a pooled estimate of the treatment eLect for each
outcome across the studies and determined the risk ratio. For the
outcome of an improvement of over 10% in FEV1 reported by two
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cross-over trials, the authors used the generic inverse variance to
analyse the data and present the odds ratio (OR).

For continuous outcomes, the authors recorded either a mean
change from baseline for each group or mean post-treatment
or post-intervention values and standard deviation (SD) for each
group. They calculated a pooled estimate of treatment eLect
for each of these individually by calculating the mean diLerence
(MD) and 95% confidence intervals (CIs) where appropriate. Where
the SD was not reported or available to use, we used the mean
diLerence and 95% CI for each group to calculate the SDs.

We report costs of treatment narratively.

Unit of analysis issues

Where trials measured data longitudinally, the authors based the
analysis on the final time point results. Methods do exist to carry out
a meta-analysis of aggregate longitudinal data, where individual
patient data (IPD) are not available but these are not available at
the moment in RevMan.

For trials with a cross-over design, at least one week was required
to allow suLicient washout of eLect, at least for the measures
of short-term outcomes. For these trials of cross-over design, the
authors planned to carry out the analysis using results from a
paired analyses, as recommended by Elbourne (Elbourne 2002).
This was only possible in one trial (Suri 2001). For the remaining
cross-over trials, the data that were provided in the trial report
were not suLicient to carry out this type of analysis. For these
trials, we chose to ignore the cross-over design and treat the results
from the two periods as if they were independent (Adde 2004;
Amin 2010; Ballmann 1998; Chadwick 1997; Laube 2009; Riedler
1996; Robinson 1996; Robinson 1997; Robinson 1999; Weller 1980).
Elbourne reports that using this approach is conservative, due to
the fact that it ignores the within-patient correlation (Elbourne
2002).

Dealing with missing data

The authors originally planned to include missing participants due
to dropouts in an ITT analysis The authors attempted to obtain any
missing statistics (such as standard deviations (SDs) or correlation
coeLicients) from the trial authors, or they obtained the original
data and determined the statistics. The authors were only able to
obtain additional data from two trials (Adde 2004; Dentice 2016).
The authors made two attempts to contact authors for missing
data before accepting that the additional data would not be made
available. However, if the trial authors contact us with data in the
future we will add the information to the review at the following
update.

Assessment of heterogeneity

The authors tested for heterogeneity between studies using a
standard Chi2 test and I2 statistic (Higgins 2003). The Chi2 test is a
statistical test for heterogeneity, whereas I2 assesses the quantity
of inconsistency across studies in the meta-analysis. The authors
accepted a P value of below 0.1. They used the following I2 ranges
to interpret heterogeneity:

• 0% to 40%: might not be important;

• 30% to 60%: may represent moderate heterogeneity;

• 50% to 90%: may represent substantial heterogeneity;

• 75% to 100%: considerable heterogeneity.

Assessment of reporting biases

Due to the chronic nature of the disease, in many CF trials
investigators collect data longitudinally at diLerent time points
throughout the course of the trial. In all the trials the authors
examined when data were collected during the trial and also which
data were reported in the trial publication. If it appeared that
time points were missing, that the review authors would expect to
have been reported (based on clinical and biologic plausibility) the
review authors would have reported this. The authors also planned
to assess publication bias by constructing funnel plots if they had
been able to include a suLicient number of trials .

Data synthesis

The authors have used fixed-eLect analyses in this review. For
future updates, when appropriate, where between-trial variability
is statistically significant, the authors plan to carry out random-
eLects analyses.

Subgroup analysis and investigation of heterogeneity

For future updates, where possible, the authors plan to investigate
heterogeneity using subgroup analysis if the I2 statistic is over 40%;
they will consider the following subgroups:

1. strength of hypertonic saline (comparing a concentration of 3%
to 7% versus a concentration greater than 7%);

2. volume of hypertonic saline (less than 5 mL versus 5 mL to 10 mL
versus more than 10 mL).

Sensitivity analysis

For a future update, when possible, the authors plan to perform
a sensitivity analysis based on risk of bias of the trials, excluding
those with a high risk of performance bias and including and
excluding quasi-randomised trials.

Summary of findings and quality of the evidence

In a post hoc change in line with current Cochrane guidance, at
the 2018 update we added a summary of findings table for each
comparison presented in the review (Summary of findings for the
main comparison; Summary of findings 2; Summary of findings
3; Summary of findings 4; Summary of findings 5; Summary of
findings 6). We selected the following seven outcomes to report
(chosen based on relevance to clinicians and consumers).

1. FEV1 (short-term change (up to and including three months))

2. FEV1 (long-term change (longer than three months))

3. LCI

4. Mortality

5. Measures of sputum clearance

6. Pulmonary exacerbations

7. Adverse events

We determined the quality of the evidence using the GRADE
approach; and downgraded evidence in the presence of a high
risk of bias in at least one trial, indirectness of the evidence,
unexplained heterogeneity or inconsistency, imprecision of results,
high probability of publication bias. We downgraded evidence by
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one level if they considered the limitation to be serious and by two
levels if very serious.

R E S U L T S

Description of studies

The trials included in this review were heterogenous in terms
of age, severity of underlying lung disease, colonisation of
microorganisms, other interventions, as well as the dose, timing
and delivery of hypertonic saline.

Results of the search

The searches identified 55 potentially eligible trials. A total of
17 trials were included (Adde 2004; Amin 2010; Ballmann 1998;
Cardinale 2003; Chadwick 1997; Dentice 2016: Elkins 2006a; Eng
1996; Laube 2009; Mainz 2015; Riedler 1996; Robinson 1996;
Robinson 1997; Robinson 1999; Rosenfeld 2012; Suri 2001; Weller
1980) and 19 trials were excluded (Brivio 2016; Buonpensiero
2010; DeCono 2008; Dentice 2012; Donaldson 2006; Elkins 2006b;
EUCTR2007-002707-40-BE; Genkova 1998; King 1997; Kobylyansky
2000; NCT01094704; O'Neill 2017; Ros 2012; San Miguel 2016; Van
Ginderdeuren 2008; Van Ginderdeuren 2011; Vanlaethem 2008).
There are 16 trials currently listed as 'Awaiting classification' until
more information is available to allow a judgement regarding
eligibility (Amin 2016; Balinotti 2015; Brown 2010; Donaldson
2013; Dwyer 2013; Hofmann 1997; NCT00928135; NCT01355796;
NCT01377792; NCT01619657; NCT02378467; NCT03391414;
Nenna 2017; Palacio 2014; PRESIS 2018) and three trials have
been identified which are ongoing (NCT02276898; NCT02343445;
NCT02950883).

Included studies

There were 17 trials which met the inclusion criteria with a total of
966 participants (Adde 2004; Amin 2010; Ballmann 1998; Cardinale
2003; Chadwick 1997; Dentice 2016: Elkins 2006a; Eng 1996; Laube
2009; Mainz 2015; Riedler 1996; Robinson 1996; Robinson 1997;
Robinson 1999; Rosenfeld 2012; Suri 2001; Weller 1980). Of these,
12 were published as full papers and four were reported in abstract
form only (Adde 2004; Cardinale 2003; Chadwick 1997; Laube 2009),
but additional data were provided by one of these investigators
(Adde 2004).

Trial design

Five trials were of parallel design (Cardinale 2003; Dentice 2016,
Elkins 2006a; Eng 1996; Rosenfeld 2012). There were 12 trials that
were of cross-over design (Adde 2004; Amin 2010; Ballmann 1998;
Chadwick 1997; Laube 2009; Mainz 2015, Riedler 1996; Robinson
1996; Robinson 1997; Robinson 1999; Suri 2001; Weller 1980) and
two of these had a four-arm cross-over design (Robinson 1997;
Robinson 1999). A washout period was not stated in four cross-
over trials (Chadwick 1997; Laube 2009; Robinson 1996; Robinson
1997); there was no washout (interventions given on single days
consecutively) in one trial (Mainz 2015). Where there was a washout
period described, this ranged from two weeks (Adde 2004; Suri
2001) up to eight weeks (Weller 1980).

The number of participants varied between trials from 10 (Riedler
1996; Robinson 1997) to 321 (Rosenfeld 2012).

Seven trials were multicentre (Amin 2010; Dentice 2016; Elkins
2006a; Eng 1996; Mainz 2015; Rosenfeld 2012; Suri 2001) and three

trials were single centre (Adde 2004; Laube 2009; Riedler 1996); it
was unclear whether the remaining seven trials were multicentre
or single centre. Seven trials were run in Australia (Dentice 2016;
Elkins 2006a; Eng 1996; Riedler 1996; Robinson 1996; Robinson
1997; Robinson 1999). Five trials were run in Europe - two trials were
run in Germany (Ballmann 1998; Mainz 2015), two in the UK (Suri
2001; Weller 1980) and one in Italy (Cardinale 2003). One trial was
run in Canada (Amin 2010) and one trial in the USA (Laube 2009);
a further trial was run in centres across both Canada and the USA
(Rosenfeld 2012). One trial was run in Brazil (Adde 2004). One trial
did not clearly state where it was run (Chadwick 1997).

Participants

The age of participants ranged from four months (Rosenfeld 2012)
to 63 years (Robinson 1999), but details of age were not given
in three studies (Ballmann 1998; Cardinale 2003; Chadwick 1997).
Most studies only recruited participants over the age of five or
six years, but Rosenfeld recruited only children aged from 4 to
60 months (Rosenfeld 2012). All trials recruited both males and
females equally.

The diagnostic criteria for CF in the participants was stated in eight
trials which confirmed CF on the basis of a positive sweat chloride
test or the presence of two common genetic mutations (Dentice
2016; Elkins 2006a; Eng 1996; Laube 2009; Mainz 2015Rosenfeld
2012; Suri 2001; Weller 1980). In the remaining nine trials it was only
stated that the participants had CF.

Selection by tolerance for hypertonic saline

Three trials stated they tested for tolerance to hypertonic saline
(Dentice 2016; Elkins 2006a; Rosenfeld 2012). The Rosenfeld trial
excluded those who were intolerant to their test dose of hypertonic
saline (Rosenfeld 2012) and Elkins excluded participants who
demonstrated bronchial reactivity following hypertonic saline
defined by a fall in FEV1 of 15% following tolerability testing (Elkins

2006a). Three trials stated that prior use of hypertonic saline was
an exclusion criteria (Ballmann 1998; Elkins 2006a; Rosenfeld 2012).
Additionally two trials excluded participants who had previously
used rhDNase (Ballmann 1998; Suri 2001).

Baseline microbiology

Baseline sputum microbiology was stated in 11 trials (Amin 2010;
Ballmann 1998; Elkins 2006a; Laube 2009; Mainz 2015; Riedler 1996;
Robinson 1997; Robinson 1999; Rosenfeld 2012; Suri 2001; Weller
1980). Weller mentioned bacterial growth, but no details were
given (Weller 1980). The Dentice trial measured change in bacterial
density for Pseudomonas aeruginosa and Staphlycoccus aureus, but
did not state baseline microbiology (Dentice 2016).

P aeruginosa

The presence of P aeruginosa was described in 11 trials. In
one trial, seven (37%) participants were described as colonised
with P aeruginosa (Amin 2010) and in the later Robinson trial
10 out of 12 participants were colonised with P aeruginosa
(Robinson 1999). In the Laube trial, P aeruginosa was cultured
in 17% of participants (Laube 2009). In the Rosenfeld trial 60
participants (38%) and 69 participants (42.3) were colonised with
P aeruginosa in the hypertonic saline group and isotonic saline
groups respectively (Rosenfeld 2012). Ballmann reported that
three out of the 14 participants were chronically colonised with
P aeruginosa (Ballmann 1998). Elkins reported the presence of P
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aeruginosa in 79 of the 83 participants in the hypertonic saline
group and 78 of the 81 control participants (Elkins 2006a). In each
of two further trials, all of the 10 participants had P aeruginosa in
their sputum (Riedler 1996; Robinson 1997). In the Suri trial, 48% of
participants had P aeruginosa (Suri 2001). Finally, Mainz reported
the presence of P aeruginosa in 23 (33%) participants (Mainz 2015).

S aureus

The presence of S aureus was described in five trials. Laube
reported that S aureus was cultured in 42% of participants (Laube
2009). Elkins reported that S aureus was present in 44 of the 83
participants in the hypertonic saline group and 47of the 81 control
participants (Elkins 2006a). Robinson reported that 5 out of 10
participants in the 1997 trial and 7 out of 12 in the 1999 trial had
S aureus (including two who also had P aeruginosa) (Robinson
1997; Robinson 1999). Suri reported that 39% of participants were
colonised with S aureus (Suri 2001).

Other pathogens

Three studies excluded participants if they were colonised with
Burkholderia cepacia complex (Amin 2010; Elkins 2006a; Suri 2001).
Amin further excluded any participant who had positive sputum
cultures for non-tuberculosis mycobacteria in the past year (Amin
2010). Three trials reported that no participants in either group had
B cepacia (Riedler 1996; Robinson 1997; Rosenfeld 2012).

Robinson also reported in the 1999 trial that 4 out of 12 participants
had Aspergillus fumigatus (Robinson 1999), and Suri reported
that 2% of participants were infected with Stenotrophomonas
maltophilia (Suri 2001). Mainz reported a wide range of pathogens
(Mainz 2015).

Baseline clinical severity

Most trials recruited participants with stable disease; in one of
the Robinson trials, it was clearly stated that people with CF
who were clinically unstable (defined as an exacerbation in the
previous four weeks) were excluded (Robinson 1999). Two further
trials excluded participants who were experiencing or had recently
experienced an acute respiratory exacerbation (Ballmann 1998;
Rosenfeld 2012). Rosenfeld also excluded any participant with
a secondary chronic lung condition not related to their CF, or
other major organ dysfunction (Rosenfeld 2012). The Elkins trial
required participants to be clinically stable (Elkins 2006a). Amin
included only participants with a baseline FEV1 of greater than 80%

predicted and a room air oxyhaemoglobin saturation of greater
than 90% (Amin 2010). In the Eng trial, participants were required
to have an FEV1 greater than 20% predicted at baseline and to

be on stable medications for the previous 14 days (Eng 1996).
In the trial by Laube, the children had FEV1 and FVC greater

than 90% predicted (Laube 2009). In two trials by Robinson,
participants needed to be in a stable clinical condition without
any change to their medications (Robinson 1996; Robinson 1997);
only the 1997 Robinson trial included a participant with an FEV1
% predicted of less than 30% (Robinson 1997). Suri required
participants to have an FEV1 less than 70% predicted (people

with CF with at least moderate lung disease) and be clinically
stable with no exacerbations or change in medications in the last
14 days (consequently, these participants have more severe lung
disease at baseline, mean FEV1 % predicted 48% (range 14 to 77%))

(Suri 2001). Weller stated that all participants received routine

treatment for five years (Weller 1980). Others used mean FEV1
as a % predicted value or FVC as a % predicted value to assess
disease severity (Adde 2004; Cardinale 2003; Chadwick 1997). Mainz
recruited participants with clinical symptoms of rhinosinusitis, but
did not state the clinical severity of lung disease or whether they
were stable clinically at the recruitment (Mainz 2015).

Two trials recruited participants who were experiencing an
acute exacerbation (Dentice 2016; Riedler 1996). Dentice enrolled
participants a confirmed diagnosis of CF within 24 hours of a
hospital admission for management of a pulmonary exacerbation
(defined as at least 4 out of 12 criteria described by Fuchs for
a minimum of seven days (Fuchs 1994)) (Dentice 2016). The
Riedler trial selected 10 consecutive adolescents admitted with an
exacerbation of their lung disease who all had productive coughs
(Riedler 1996).

Interventions

An ultrasonic nebuliser was used to deliver hypertonic saline in
seven trials (Amin 2010; Cardinale 2003; Eng 1996; Robinson 1996;
Robinson 1997; Robinson 1999; Suri 2001); while six trials used a
high-output jet nebuliser (Adde 2004; Ballmann 1998; Dentice 2016;
Elkins 2006a; Riedler 1996). One trial used a Pari LC Sprint Sinus
nebuliser (Mainz 2015).

DiLerent concentrations of hypertonic saline were used in the trials
ranging from 3.5% to 7% and this is outlined in detail in the tables
(Characteristics of included studies).

In 13 trials isotonic (0.9%) saline was used as a control (Amin
2010; Cardinale 2003; Chadwick 1997; Dentice 2016; Elkins 2006a;
Eng 1996; Laube 2009; Mainz 2015; Riedler 1996; Robinson 1996;
Robinson 1997; Robinson 1999; Rosenfeld 2012). Three of these
trials compared hypertonic saline 7% with isotonic saline 0.9%
twice daily (Amin 2010; Elkins 2006a; Rosenfeld 2012) and one
trial compared hypertonic saline 6% to isotonic saline twice daily
(Eng 1996). Two trials added quinine sulphate (0.25 mg per mL)
to both solutions to mask the taste (Dentice 2016; Elkins 2006a).
One trial administered 6% hypertonic saline or isotonic saline
once per day, approximately 1 mL to each nostril (Mainz 2015).
Five trials used a single administration of nebulised hypertonic
saline compared to isotonic saline (Laube 2009; Riedler 1996;
Robinson 1996; Robinson 1997; Robinson 1999;). In the 1996
trial, Robinson compared a single administration of nebulised
hypertonic saline (7%), amiloride (0.3% in 0.12% NaCl) and a
combination of amiloride and hypertonic saline to isotonic saline
(0.9%) (Robinson 1996), while in the 1997 trial Robinson compared
diLering concentrations of nebulised hypertonic saline (3%, 7%,
and 12%) with isotonic saline and voluntary cough (Robinson 1997).
In the 1999 trial, Robinson compared hypertonic saline 6% to 0.9%
isotonic saline with matched voluntary cough, mannitol 300 mg,
and placebo capsules with matched voluntary cough (Robinson
1999). In Laube participants attended for two visits at least one
week apart. They received either 5 mL 0.12% isotonic saline or 5
mL 7% hypertonic saline, with the order of treatment randomised
(Laube 2009). Two trials did not state the frequency of nebulisation
(Cardinale 2003; Chadwick 1997).

Three trials compared hypertonic saline to rhDNase (Adde 2004;
Ballmann 1998; Suri 2001). Adde used a regimen of hypertonic
saline 6% (10 mL) compared to 2.5 mg rhDNase twice daily (Adde
2004); Ballmann compared nebulised 5.75% saline (10 mL) to
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2.5 mg rhDNase twice daily (Ballmann 1998); and Suri compared
hypertonic saline 7% (5 mL) twice daily to rhDNase 2.5 mg daily or
to rhDNase 2.5 mg alternate daily (Suri 2001).

Weller compared hypertonic saline 7% (3 mL) to Mistabron® 20% (a
mucolytic agent) (Weller 1980).

Additional treatments were also used in association with the
hypertonic saline. All the trials with the exception of Chadwick,
Mainz and Weller pre-treated participants with short-acting beta-
agonists (Chadwick 1997; Mainz 2015; Weller 1980). In the Suri trial,
the only pre-treated participants were those who were already
using bronchodilators or whose FEV1 fell by more than 15% aPer

the test dose of hypertonic saline (Suri 2001). Pre-treatment was
not stated by Laube (Laube 2009).

In the Eng trial participants performed physiotherapy at home and
received hypertonic saline or isotonic saline prior to their regular
physiotherapy session (Eng 1996). The place of chest physiotherapy
is likely to be an important contributor to mucolytic therapy, but its
role as a confounder was not addressed.

Two trials used hypertonic saline or isotonic saline as an adjunct
to physiotherapy and an exercise programme while hospitalised
for a pulmonary exacerbation when all participants also received
intravenous antibiotics (Dentice 2016; Riedler 1996). In one trial
participants received hypertonic saline 7%, three times a day
(Dentice 2016) and in the second trial they received hypertonic
saline 6% as a single treatment (Riedler 1996).

Outcomes

Lung function was the most common outcome measured, but
this was reported in a number of ways. Nine trials reported
on FEV1 (Adde 2004; Amin 2010; Ballmann 1998; Dentice 2016;

Elkins 2006a; Eng 1996; Riedler 1996; Robinson 1996; Suri 2001);
seven trials reported on FVC (Amin 2010; Dentice 2016; Elkins
2006a; Eng 1996; Riedler 1996; Suri 2001; Weller 1980); and three
reported on FEF25-75 (Amin 2010; Riedler 1996; Rosenfeld 2012).

A number of trials reported on less common measures of lung
function (see the tables for further details (Characteristics of
included studies) and one trial simply reported on general lung
function (Cardinale 2003). Mucociliary clearance was reported in
five trials (Laube 2009; Riedler 1996; Robinson 1996; Robinson 1997;
Robinson 1999) and two reported on sputum production (Riedler
1996; Weller 1980). Pulmonary exacerbations were reported in
four trials (Dentice 2016; Elkins 2006a; Rosenfeld 2012; Suri 2001)
and Rosenfeld additionally reported additional antibiotics for all
causes (Rosenfeld 2012). Sputum cultures were reported in two
trials (Adde 2004; Rosenfeld 2012) and one trial reported changes
in quantitative microbiology (Dentice 2016). A further four trials
reported symptom scores (Adde 2004; Dentice 2016; Eng 1996;
Weller 1980) and two reported on satisfaction or preference (Adde
2004; Ballmann 1998). One trial reported on sinus and nasal
symptoms (Mainz 2015). Tolerability was only reported on by one
trial (Rosenfeld 2012) and one trial reported on nebulization time
(Ballmann 1998). Linked to this two trials reported adherence to
treatment (Rosenfeld 2012; Suri 2001). Five trials reported on QoL
(Amin 2010; Dentice 2016; Elkins 2006a; Rosenfeld 2012; Suri 2001)
and five trials on adverse events (Cardinale 2003; Dentice 2016; Eng
1996; Mainz 2015; Rosenfeld 2012). Two trials reported data relating
to cost in comparison to rhDNase (Ballmann 1998; Suri 2001).

Excluded studies

There were 19 trials excluded from the review (Brivio 2016;
Buonpensiero 2010; DeCono 2008; Dentice 2012; Donaldson
2006; Elkins 2006b; EUCTR2007-002707-40-BE; Genkova 1998;
Grasemann 2013; IRCT20180307038994N1; King 1997; Kobylyansky
2000; NCT01094704; O'Neill 2017; Ros 2012; San Miguel 2016; Van
Ginderdeuren 2008; Van Ginderdeuren 2011; Vanlaethem 2008).

Four trials were not randomised in design and were
therefore excluded (DeCono 2008; EUCTR2007-002707-40-BE;
IRCT20180307038994N1; NCT01094704) and one was excluded
as there was no comparison group (Genkova 1998). One trial
was excluded as it was performed in a non-CF population
(Kobylyansky 2000) and a further trial was performed in vitro
(King 1997). Eight trials were excluded as they studied hypertonic
saline in conjunction with other therapies, but did not include
a comparator group without hypertonic saline (Dentice 2012;
Donaldson 2006; Elkins 2006b; O'Neill 2017; San Miguel 2016; Van
Ginderdeuren 2011; Van Ginderdeuren 2008; Vanlaethem 2008).
One trial compared the timing of the delivery of hypertonic saline
(Dentice 2012) and another the frequency of delivery (Elkins
2006b). One trial compared hypertonic saline with or without
pre-treatment with amiloride (Donaldson 2006). Two trials did
not compare hypertonic saline to control, instead they compared
diLerent sequences of autogenic drainage (Van Ginderdeuren 2008;
Van Ginderdeuren 2011) and two used other airway clearance
techniques in participants using hypertonic saline (O'Neill 2017;
Vanlaethem 2008) and one compared the use of hypertonic
saline with or without physiotherapy (San Miguel 2016). One trial
compared isotonic saline to L-arginine and did not use hypertonic
saline (Grasemann 2013). The three remaining trials compared two
diLerent formulations of 7% hypertonic saline (with and without
hyaluronic acid) (Brivio 2016; Buonpensiero 2010; Ros 2012).

Studies awaiting classification

There are 16 trials are currently listed as 'Awaiting classification'
until more information is available to allow a judgement
regarding eligibility (Amin 2016; Balinotti 2015; Brown 2010;
Corcoran 2017; Donaldson 2013; Dwyer 2013; Hofmann
1997; NCT00928135; NCT01355796; NCT01377792; NCT01619657;
NCT02378467; NCT03391414; Nenna 2017; Palacio 2014; PRESIS
2018).

Twelve trials are described as randomised controlled trials, but
with no or only few details of the methodology (Balinotti 2015;
Donaldson 2013; Dwyer 2013; Hofmann 1997; NCT00928135;
NCT01355796; NCT01377792; NCT01619657; NCT02378467; Nenna
2017; Palacio 2014; PRESIS 2018); one trial is a controlled clinical
trial but it is not clear if there was any form of randomisation
employed in the trial (Brown 2010). Three trials employed a
randomised cross-over design in 21 participants (Amin 2016;
Corcoran 2017; NCT03391414).

The duration of trials ranged from single exposure (Corcoran 2017;
Hofmann 1997) to 52 weeks (NCT01619657; PRESIS 2018); one trial
gave no information on the duration (Brown 2010).

FiPeen trials compared hypertonic saline at a concentration
ranging from 3% to 7% to isotonic saline (Amin 2016; Balinotti
2015; Brown 2010; Corcoran 2017; Donaldson 2013; Dwyer 2013;
NCT00928135; NCT01355796; NCT01377792; NCT01619657;
NCT02378467; NCT03391414; Nenna 2017; Palacio 2014;
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PRESIS 2018) and one trial did not state the concentration
(NCT01377792). Most trials (n = 9) utilised hypertonic saline at
a concentration of 7% (Amin 2016; Brown 2010; Corcoran 2017;
NCT00928135; NCT01355796; NCT02378467; NCT03391414; Nenna
2017; Palacio 2014); five trials used hypertonic saline 6% (Balinotti
2015; Donaldson 2013; Dwyer 2013; NCT01619657; PRESIS 2018);
one trial randomised participants to three concentrations of
saline, 0.9%, 3% and 6% and assessed tolerability; this trial also
added quinine sulphate to all intervention arms and the control
arm (Dwyer 2013). One trial compares amiloride in hypertonic
saline (5.85%) to amiloride in isotonic saline (Hofmann 1997).

Nine trials were conducted in children (Amin 2016; Balinotti 2015;
Brown 2010; Donaldson 2013; NCT01619657; NCT02378467; Nenna
2017; Palacio 2014; PRESIS 2018) and three in adults (Corcoran
2017; Hofmann 1997; NCT01355796) and three in mixed age groups
(Dwyer 2013; NCT00928135; NCT01377792; NCT03391414).

Ongoing studies

There are three ongoing trials identified from trials registries
(NCT02276898; NCT02343445; NCT02950883). All three were
described as randomised controlled trials, two of parallel
design (NCT02343445; NCT02950883) and one of cross-over
design (NCT02276898). Duration of the three trials was a single
administration (NCT02276898), 15 days (NCT02343445) and 48
weeks (NCT02950883). Two trials used hypertonic saline 7%
(NCT02276898; NCT02950883) and one trial compared P-1037
solution for inhalation in hypertonic saline (4.2%) to P-1037
solution for inhalation in 0.17% isotonic saline (NCT02343445).

The long-term trial was in children only (NCT02950883), but
the remaining two trials recruited both children and adults
(NCT02276898; NCT02343445).

Risk of bias in included studies

Please refer to the risk of bias figure (Figure 1).
 

Figure 1.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.

 
Allocation

Generation of the randomisation sequence

No details of the randomisation process were provided by 10
trials (Adde 2004; Cardinale 2003; Chadwick 1997; Laube 2009;
Mainz 2015; Robinson 1996; Robinson 1997; Robinson 1999; Suri
2001; Weller 1980). For nine of these we judged the risk of bias
to be unclear; however, additional data received from Dr Adde
confirmed that a random numbers table was used to generate the
randomisation sequence (Adde 2004), as such we judged this trial
to have a low risk of bias.

We also judged a further six trials to have a low risk of bias
(Amin 2010; Ballmann 1998; Elkins 2006a; Eng 1996; Riedler 1996,
Rosenfeld 2012). Computer-generated randomisation lists were
used in two trials (Amin 2010; Elkins 2006a), one trial used random
permuted block allocation (Rosenfeld 2012), one reported that
participants drew lots to decide treatment (Ballmann 1998). Eng

stated the use of random number tables (Eng 1996) and Riedler
used a coin toss to randomise participants (Riedler 1996).

We judged there to be a high risk of bias in the Dentice trial as
participants were enrolled sequentially upon admission to hospital
(Dentice 2016).

Allocation concealment

No details were published regarding methods of allocation
concealment for 10 trials (Adde 2004; Ballmann 1998; Cardinale
2003; Chadwick 1997; Eng 1996; Laube 2009; Mainz 2015; Robinson
1996; Robinson 1997; Weller 1980). We judged nine of these to
have an unclear risk of bias. Additional data received from Dr Adde
confirmed that the sequence of treatment was put into numbered
envelopes which were kept in the hospital pharmacy and not
opened until aPer participants were recruited (Adde 2004); thus we
judged this trial to have a low risk of bias.
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A further six trials were also judged to have a low risk of bias
(Amin 2010; Elkins 2006a; Riedler 1996; Robinson 1999; Rosenfeld
2012; Suri 2001). Four trials concealed the allocation sequence
either by using investigators oL-site, investigators not otherwise
involved in the trial or a secure website (Amin 2010; Elkins 2006a;
Rosenfeld 2012; Suri 2001). Randomisation was coded such that
investigators were blinded to the identity of the intervention at
the time of analysis in one trial (Robinson 1999) and in another
each participant was assigned to order of treatment by a coin toss
(Riedler 1996).

One trial used sequential alternate allocation and thus we did not
judge the allocation to be adequately concealed (high risk of bias)
(Dentice 2016).

Blinding

With the exception of three trials where the interventions were
described as "blinded" (Adde 2004; Dentice 2016; Elkins 2006a),
most trials further stated that it was not possible to blind
participants due to the discernible taste of hypertonic saline. These
three trials, however, reported adding quinine sulphate to the
solutions to mask the taste and were judged to have a low risk of
bias with regards to blinding of participants (Adde 2004; Dentice
2016; Elkins 2006a). We judged three trials to have an unclear risk
of bias (Cardinale 2003; Chadwick 1997; Robinson 1996). Chadwick
described the trial as single-blind and did not address the issue of
the taste of hypertonic saline (Chadwick 1997). Robinson described
the participants in the 1996 trial as being blinded, but admitted they
may have been able to discern which group they were in due to the
taste and duration of nebulization for the diLerent interventions
(Robinson 1996). The remaining trials were judged to have a high
risk of bias due to the discernible taste of hypertonic saline (Amin
2010; Ballmann 1998; Eng 1996; Laube 2009; Riedler 1996; Robinson
1997; Robinson 1999; Rosenfeld 2012; Suri 2001; Weller 1980).

With regards to the blinding of the investigators, seven trials
reported that researchers were blinded and so had a low risk of
bias (Amin 2010; Dentice 2016; Elkins 2006a; Eng 1996; Robinson
1996; Robinson 1999; Rosenfeld 2012). A lack of information led
nine trials to be judged as having an unclear risk of bias (Adde 2004;
Cardinale 2003; Chadwick 1997; Laube 2009; Mainz 2015; Riedler
1996; Robinson 1997; Suri 2001; Weller 1980). Riedler and Chadwick
were described as single-blind and stated that participants could
discern the taste of hypertonic saline, thus implying that the
researchers were blinded (Riedler 1996) and Weller was described
as double-blind although the participants could discern the taste
(Weller 1980), but there were no definite statements on the blinding
of trial investigators. The Ballman trial was judged to have a high
risk of bias with regards to the blinding of investigators (Ballmann
1998). This trial also reported the use of diLerent volumes of liquid
in the two groups (Ballmann 1998).

Incomplete outcome data

Seven trials were judged to have an unclear risk of bias due to
incomplete outcome data (Adde 2004; Ballmann 1998; Cardinale
2003; Chadwick 1997; Riedler 1996; Robinson 1997; Robinson 1999).
Adde did not report withdrawals; additional data provided by the
trial investigators stated that one participant (not included in the
analysis) had to stop treatment with hypertonic saline due to
severe dyspnoea during its nebulization (Adde 2004). Ballmann
provided no information about whether an ITT was used (Ballmann
1998); and three trials did not state as whether an ITT approach

had been used and did not describe any withdrawals (Riedler
1996; Robinson 1997; Robinson 1999). The Chadwick trial had no
description of dropouts (Chadwick 1997). Cardinale stated that no
adverse events were reported with hypertonic saline, but did not
give any information for the placebo group (Cardinale 2003).

The remaining 10 trials were judged to be at low risk (Amin
2010; Dentice 2016; Elkins 2006a; Eng 1996; Laube 2009; Robinson
1996; Rosenfeld 2012; Mainz 2015; Suri 2001; Weller 1980). Two
trials stated there were no withdrawals (Dentice 2016; Robinson
1996). The remaining trials gave details of withdrawals and the
reasons for these. Amin described details of missing data for
three participants; two due to uninterpretable LCI results and
one due to an inability to adhere to the trial protocol (Amin
2010). In the Elkins trial, two participants (one from each group)
withdrew voluntarily aPer randomisation and before the first dose;
a clear description of withdrawals aPer randomisation was given
by group and with reasons, with a total of 82 participants in the
hypertonic saline group and 80 in control group included in an ITT
analysis (Elkins 2006a). Laube described two dropouts following
randomisation and accounted for this by replacing them (Laube
2009). Mainz detailed six dropouts due to non-adherence (Mainz
2015). Rosenfeld gave details (with reasons) of withdrawals which
were in roughly equal numbers across groups and reported an
ITT analysis of 158 participants in the hypertonic saline group and
163 in the control group (Rosenfeld 2012). Suri provided details of
withdrawals with reasons and used an ITT analysis; an additional
report of airway inflammatory changes following treatment stated
that only 28 of the 48 participants were able to perform induced
sputum and be included (Suri 2001). Two trials gave details of
withdrawals, but did not state whether an ITT analysis had been
performed (Eng 1996; Weller 1980). In the Eng trial, six participants
withdrew in total (three from each group) with reasons given (Eng
1996). In the Weller trial there was a clear description of dropouts
and withdrawals (Weller 1980).

Selective reporting

Three trials were reported only in abstract form, hence the
availability of data concerning the outcomes which were planned
to have been reported was limited and we judged these to have an
unclear risk of bias (Adde 2004; Cardinale 2003; Chadwick 1997).
In the remaining 14 trials, the outcomes stated in the 'Methods'
section were reported in the 'Results' section (Amin 2010; Ballmann
1998; Dentice 2016; Elkins 2006a; Eng 1996; Laube 2009; Mainz
2015; Riedler 1996; Robinson 1996; Robinson 1997; Robinson 1999;
Rosenfeld 2012; Suri 2001; Weller 1980).

Other potential sources of bias

Sample size calculations were described in seven trials and were
judged to be at low risk of bias (Amin 2010; Dentice 2016; Elkins
2006a; Eng 1996; Laube 2009; Rosenfeld 2012; Suri 2001); however,
the remaining 10 trials did not undertake such calculations and
were judged to have a high risk (at increased risk of a type 1 error).

A cross-over design was used in 12 trials, but six of these either
did not use or did not state a washout period between treatment
arms (Chadwick 1997; Mainz 2015; Riedler 1996; Robinson 1996;
Robinson 1997; Robinson 1999). Trials that reported a washout
period of less than one week would be judged at high risk of bias;
the stated wash-out periods were one week (Laube 2009), two
weeks (Adde 2004; Suri 2001), three weeks (Ballmann 1998), four
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weeks (Amin 2010) and eight weeks (Weller 1980). These six trials
were judged at low risk of bias.

E@ects of interventions

See: Summary of findings for the main comparison Hypertonic
saline 3% to 7% versus isotonic saline for cystic fibrosis (stable
lung disease); Summary of findings 2 Hypertonic saline 3%
to 7% versus isotonic saline for cystic fibrosis (during acute
exacerbations of lung disease); Summary of findings 3 Hypertonic
saline compared with rhDNase with for cystic fibrosis; Summary
of findings 4 Hypertonic saline compared with amiloride for cystic
fibrosis; Summary of findings 5 Hypertonic saline compared
with sodium-2-mercaptoethane sulphonate (Mistabron®) for cystic
fibrosis; Summary of findings 6 Hypertonic saline compared with
mannitol for cystic fibrosis

The quality of the evidence has been graded for those outcomes
included in the summary of findings tables. For the definitions
of these gradings, please refer to the summary of findings tables
(Summary of findings for the main comparison; Summary of
findings 2; Summary of findings 3; Summary of findings 4; Summary
of findings 5; Summary of findings 6).

Hypertonic saline 3% to 7% versus isotonic saline in stable
lung disease

This comparison included 11 trials (n = 795) (Amin 2010; Cardinale
2003; Chadwick 1997; Elkins 2006a; Eng 1996; Laube 2009; Mainz
2015; Robinson 1996; Robinson 1997; Robinson 1999; Rosenfeld
2012). A summary of the results and our judgements with regards
to the quality of the evidence can be found in the tables (Summary
of findings for the main comparison).

In the analysis, due to data limitations, data from cross-over trials
have been entered and analysed as if they were from parallel
trials. One trial assessed children with stable lung disease and
chronic sinuitis and looked at the eLect of the intervention on sinus
symptoms (Mainz 2015).

Primary outcomes

1. Lung function

a. FEV1

Three trials examined the eLect of hypertonic saline 3% to 7%
compared to isotonic saline on the change in FEV1 % predicted

aPer four weeks treatment (Amin 2010; Elkins 2006a; Eng 1996). The
combined analysis demonstrated a significant increase in FEV1 %

predicted, MD 3.44% (95% CI 0.67 to 6.21) (Analysis 1.1) (very low-
quality evidence).

Amin selected children aged 6 to 18 years old with essentially
normal lung function as measured by spirometry with an FEV1
greater than 80% predicted and found no diLerence compared
to isotonic saline, MD -0.42% (95% CI -7.45 to 6.61) (Amin 2010)
(Analysis 1.1).

The two earlier trials recruited participants with greater
impairment in lung function (Elkins 2006a; Eng 1996). When the
data from these two trials were pooled and analysed, there was
a significant improvement in FEV1 % predicted at four weeks, MD

4.15% (95% CI 1.14 to 7.16) (Analysis 1.1). The I2 value at this time
point for all participants is 67% (according to our definition this may

represent substantial heterogeneity); however, if the Eng trial is
removed from the meta-analysis I2 reverts to zero. The participants
in the Eng trial had a lower FEV1 % predicted at baseline than in

the other trials, which may account for this diLerence (Eng 1996).
Similarly, for the analysis of data for participants aged over 14 years,
which combines data for just two trials (Elkins 2006a; Eng 1996), the
lower baseline lung function values of the participants in the Eng
trial could account for this heterogeneity.

Only Elkins examined the mean % change in FEV1 % predicted at

time points aPer four weeks (4, 12, 24, 36 and 48 weeks). Trial results
failed to demonstrate a significant benefit over isotonic saline at
any time-point, other than at 24 weeks, MD 5.37% (95% CI 1.03 to
9.71) (Elkins 2006a) (low-quality evidence).

Cardinale stated that the trial measured lung function, but did not
report any results other than to state there was no diLerence in lung
function results (Cardinale 2003).

Mainz also measured FEV1% predicted at day 1 and day 29, with no

diLerences seen between the groups. However as hypertonic saline
was not delivered to the airways, these outcomes are not included
in our analysis (Analysis 1.1).

b. FVC

We analysed data from three trials for the mean change in FVC
% predicted at four weeks (Amin 2010; Elkins 2006a; Eng 1996).
When the data were pooled they did not demonstrate a significant
improvement in FVC, MD 1.07% (95% CI -1.63 to 3.78) (Analysis 1.2).

Again, only Elkins measured the change in FVC % predicted at 48
weeks (Elkins 2006a). Results failed to reach significance for either
group, although the control group showed no improvement over
this period of time (Analysis 1.2).

c. Lung volumes

These were not reported as outcomes in any of the included trials.

d. Change in FEV0.5

Rosenfeld assessed infant lung function in a subset of participants
(73 out of 158), which included FEV0.5, and found a small diLerence

(but with wide CIs) following treatment with hypertonic saline
compared to isotonic saline at 48 weeks, MD 41.00 mL (95% CI 0.96
to 81.04) (Rosenfeld 2012) (Analysis 1.3).

e. LCI

The Amin trial used LCI as its primary outcome (Amin 2010). In
the original trial analysis investigators found hypertonic saline
improved LCI compared to isotonic saline at four weeks, although
in our analysis of the mean diLerence this just failed to reach
significance, MD -1.03 (95% CI -2.76 to 0.70) (Analysis 1.4) (very low-
quality evidence).

2. Mortality

No trials reported on this as an outcome.

Secondary outcomes

1. Measures of sputum clearance

Four trials used radio-labelled aerosol clearance to assess
mucociliary clearance (Laube 2009; Robinson 1996; Robinson 1997;
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Robinson 1999) and we judged the quality of the evidence to
be very low. In this method the participant was given the radio-
labelled aerosol from an ultrasonic nebuliser and serial lung
scans were performed. Two of the Robinson trials showed that
hypertonic saline increased radioisotope clearance compared to
isotonic saline controls, P < 0.05 (Robinson 1996) and P < 0.01
(Robinson 1997). The 1997 Robinson trial showed that increasing
concentrations of hypertonic saline also had an eLect, with a
significant diLerence between hypertonic saline 3% and hypertonic
saline 12% favouring the higher concentration; but no significant
diLerence between hypertonic saline 7% and hypertonic saline
12% was reported (Robinson 1997). A comparison was made
between three trials for isotope clearance at 60 to 120 minutes
(Laube 2009; Robinson 1997; Robinson 1999). This favoured
treatment with hypertonic saline, MD 6.14 (95% CI 2.56 to 9.72)
(Analysis 1.5).

Two of the Robinson trials reported measuring mucociliary
clearance as 'area under the curve' (AUC), where the lower
the value of AUC is the faster the clearance (Robinson 1996;
Robinson 1997). Robinson showed that hypertonic saline 7% and
hypertonic saline 12% were significantly diLerent from isotonic
saline (Robinson 1997). In the 1996 Robinson trial, the results
for AUC showed hypertonic saline and hypertonic saline with
amiloride were significantly diLerent from cough, isotonic saline
and amiloride alone (Robinson 1996). Combined analysis of the two
trials favoured treatment with an MD of -212.06 (95% CI -271.64 to
-152.48) (Robinson 1996; Robinson 1997) (Analysis 1.6).

The participants in the Robinson trials had moderate to severe
airflow obstruction; those in the 1996 trial had a mean FEV1 %

predicted of 60.8% (range 27% to 112%) (Robinson 1996); those in
the 1997 trial had a mean FEV1 % predicted of 52% (range 31% to

84%) (Robinson 1997); and in the 1999 trial, the mean FEV1 was 60%

(range 27% to 112%) (Robinson 1999). This diLered from the Laube
trial, who included only participants with normal lung function
(greater than 90% predicted FEV1 and FVC). In this trial there was no

diLerence in mucociliary clearance measured at 20, 60, 90 minutes
and 24 hours (Laube 2009).

2. Measures of exercise capacity

Eng demonstrated a significant improvement in exercise tolerance,
the paper used a visual analogue scale (VAS) and during week 1
reported a mean (SD) improvement with hypertonic saline of 2.05
(1.3) and with isotonic saline of 1.7 (1.25) (P = 0.015); during week 2
the mean (SD) rise with hypertonic saline was 2.76 (1.45) and with
isotonic saline 1.75 (1.6) (P = 0.02) (Eng 1996). When analysed, these
data significantly favour hypertonic saline; week 1, MD 0.88 (95% CI
0.19 to 1.57) and week 2, MD 1.01 (95% CI 0.18 to 1.84) (Analysis 1.7).

3. Measures of QoL and symptom scores

Three trials assessed health-related QoL (Amin 2010; Elkins 2006a;
Rosenfeld 2012). Amin assessed the CFQ-R for both parent and
participant (Amin 2010) and Rosenfeld used the the CFQ-R for
parents only (Rosenfeld 2012). The Elkins trial measured QoL using
the SF-36 questionnaire and the Cystic Fibrosis questionnaire (CFQ)
for adults and for parents (Elkins 2006a).

The CFQ-R domain for parents or participants was assessed
in three trials and this demonstrated no statistically significant
improvement in the hypertonic saline group, MD 1.62 (95% CI -1.69

to 4.92) (Amin 2010; Rosenfeld 2012; Elkins 2006a) (Analysis 1.9).
There is moderate heterogeneity for CFQ Parent data (three trials)
according to our definition above; the I2 value is 47%. This value
reverts to zero if the data from the Rosenfeld trial are removed. This
trial recruited young children under the age of five years in contrast
to the other two trials, which may account for the heterogeneity
(Rosenfeld 2012).

Elkins reported a significantly higher (better) score in the mental
health domain of the SF-36 in participants over 14 years, MD 7.77
(95% CI 1.86 to 13.68); however, the overall score for the CFQ
and SF-36 was not significantly diLerent in those under 14 years
of age, MD 2.84 (95% CI -7.90 to 13.58) (Elkins 2006a) (Analysis
1.9). There were significantly better results in the domains of role
(P = 0.04), emotion (P = 0.03) and health (P = 0.01) in the CFQ
Adult compared to the control group. In participants under the age
of 14, the digestion domain was significantly better (P = 0.02) in
the control group compared to the hypertonic saline group using
the CFQ for parents. This trial also measured absenteeism from
work and school; and participants in the hypertonic saline group
experienced fewer days oL work, school or days they were unable
to participate in usual activity; seven days in the hypertonic saline
group as compared to 24 days in the control group (P < 0.001) (Elkins
2006a).

Two trials assessed symptoms using a VAS with 10 cm scales
ranging from -5 cm to +5 cm (Eng 1996; Riedler 1996). One trial
found significant improvements in symptoms for quality of sleep
and feeling of cleared chest measured aPer one and two weeks of
treatment with hypertonic saline 6% (Eng 1996). The Riedler trial
looked at a similar VAS for feeling of cleared chest alone which was
measured four days aPer treatment and demonstrated a significant
diLerence in their first block of 10 participants between hypertonic
saline 6% and isotonic saline (Riedler 1996). The results of the two
trials were pooled and demonstrated a result favouring treatment,
MD of 0.97 (95% CI 0.35 to 1.60) (Analysis 1.8).

One trial compared hypertonic saline versus isotonic saline
delivered via a pulsating nebuliser (designed to enhance aerosol
deposition into the nose and sinus cavities) for improving nasal and
sinus symptoms assessed using the validated SNOT-20 symptom
score (Mainz 2015). This tool is a disease-specific, health-related,
20-item QoL measure for people with rhinosinusitis focusing on
rhinogenous as well as on general discomforts. Scores range
between 0 and 5 for each item, with higher scores indicating a
greater health burden. On the first day of treatment the hypertonic
saline group described significantly diLerent worsened symptoms
scores, mean (SD) 23.0 (10.4) compared to 24.8 (11.0) in the isotonic
saline group (P < 0.005). By day 29 however, there was no diLerence
between the groups; hypertonic saline 20.7 (10.1) and isotonic
saline 19.4 (9.6).

4. Pulmonary exacerbations

a. frequency

Two trials reported on this outcome, but although the definition of
exacerbations in both were comparable we elected not to pool the
data, as the age diLerence between the participants in the trials was
so great (Elkins 2006a; Rosenfeld 2012). We judged the quality of the
evidence to be low.

Elkins reported pulmonary exacerbations as a secondary outcome
(Elkins 2006a). The trial found there were fewer exacerbations per
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year requiring intravenous antibiotic therapy in the hypertonic
saline group than in the control group, MD -0.46 (95% CI -0.82 to
-0.10) (Analysis 1.10) (Figure 2). It was also reported that the mean
number of days on which participants met this definition of an
exacerbation was 17 days in the control group and six days in the
hypertonic saline group (diLerence, 11 days (95% CI 3 to 19) (P

= 0.02)). The interval during which participants remained free of
exacerbations was also significantly longer in the hypertonic saline
group than in the control group (P = 0.03) (Elkins 2006a). The Elkins
trial also found that there was no diLerence in the mean number of
visits not requiring antibiotics, MD -0.25 (95% -0.84 to 0.34) (Analysis
1.10) (Figure 2).

 

Figure 2.   Forest plot of comparison: 1 Hypertonic saline 3% to 7% versus isotonic saline, outcome: 1.10 Average
number of exacerbations.

 
Elkins stated in the original trial report that exacerbations, defined
according to signs and symptoms alone, regardless of treatment,
were also less frequent in the hypertonic saline group compared to
control: 1.32 per participant and 2.74 per participant respectively
(diLerence, 1.42 (95% CI 0.86 to 1.99); P < 0.001. The mean number
of days during which participants met criteria for a symptom-
defined exacerbation was 69 days in the control group and 22
days in the hypertonic saline group (diLerence, 47 days (95%
CI 30 to 63); P < 0.001). The time participants remained free of
exacerbations was significantly longer in the hypertonic saline
group (P < 0.001), with a 48-week exacerbation-free survival rate of
41% in the hypertonic saline group and 16% in the control group
(Elkins 2006a).

Rosenfeld used protocol-defined exacerbations as their primary
outcome (Rosenfeld 2012). They found no diLerence in the
mean (SD) number of exacerbations; those with hypertonic saline
experienced 2.3 (1.69) events per year, compared to isotonic saline
2.3 (1.15) events per year, MD 0.00 (95% CI -0.36 to 0.36) (Analysis
1.10).

b. admission to hospital

Elkins reported that there was no diLerence reported in
hospitalisation rates between the hypertonic saline group and the
controls (Analysis 1.11).

c. duration of hospital stay (post hoc change)

Neither trial reported the duration of hospitalisation due to
pulmonary exacerbations (Elkins 2006a; Rosenfeld 2012).

d. outpatient treatments (hospital in the home, unscheduled visits to
the doctor)

Neither trial reported details of outpatient treatments due to
pulmonary exacerbations (Elkins 2006a; Rosenfeld 2012).

5. Medication delivery time

No trials reported on this as an outcome.

6. Cost

No trials reported on this as an outcome.

7. Adherence

Three trials judged treatment adherence by the number of returned
ampoules or vials (Amin 2010; Elkins 2006a; Rosenfeld 2012). In
the cross-over trial by Amin, the adherence was 95.3% for the
hypertonic saline period and 84.5% for the isotonic saline period,
this was not statistically significant (P = 0.26) (Amin 2010). Elkins
reported adherence as 63% in the control group compared to 64%
in the hypertonic saline group (Elkins 2006a). Rosenfeld reported
no diLerence in adherence between those receiving hypertonic
saline and isotonic saline, with an overall mean adherence of 75.2%
(95% CI 72.2% to 78.2%) (Rosenfeld 2012).

8. Bacteriolgy

Elkins also measured the bacterial load of sputum (Elkins 2006a);
but when analysed, there was no significant diLerence between
groups in the concentration of P aeruginosa or S aureus from
baseline to 48 weeks (Analysis 1.13).

Rosenfeld found no new bacterial pathogens and the pathogens
that were identified did not diLer between the groups (Rosenfeld
2012).

9. Adverse events

Adverse events were reported in six trials (Amin 2010; Chadwick
1997; Elkins 2006a; Eng 1996; Robinson 1999; Rosenfeld 2012).
Where appropriate data are available, these are presented in the
analyses (Analysis 1.12; Analysis 1.13; Analysis 1.14). None of the
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results were statistically significant and the quality of the evidence
was very low.

The trial by Amin reported the overall number of adverse events
and adverse events related to the trial drugs, rather than the
number of participants experiencing an adverse event. There were
no significant diLerences in cough, hoarseness or chest pain (P
= 0.17); however, there were significantly more overall adverse
events in the hypertonic saline group for the symptoms of increased
sputum production, fever, rhinorrhoea, malaise and ear infections
(P = 0.0035) (Amin 2010). Amin further reported a mean (SD) drop
in FEV1 % predicted aPer the first inhalation of hypertonic saline

116 (140) mL and aPer isotonic saline 41 (88) mL, MD 75.00 (95% CI
-31.49 to 181.49) (Analysis 1.12).

The Chadwick trial demonstrated that participants with an FEV1 %

predicted of 40% to 70% at baseline experienced a significant fall
in FEV1 following isotonic saline, while none of the participants fell

significantly with hypertonic saline (Chadwick 1997).

The Elkins trial reported the number of adverse events
(not participants experiencing adverse events) as pulmonary
exacerbations (see above), chest pain, gastro-intestinal symptoms,
headache, joint pain, pharyngitis and tonsillitis; these were
significantly fewer in the hypertonic saline group (Elkins 2006a).
Adverse drug reactions were also reported, events that in the
opinion of the investigator were related directly to the trial
medication. These were significantly higher in the hypertonic
saline group (n = 14) than the control group (n = 1), P = 0.01,
and included cough, chest tightness, pharyngitis, haemoptysis,
sinusitis, sneezing, tonsillitis and vomiting (Elkins 2006a).

In the Eng trial there were similar reports of increased cough and
haemoptysis; one participant in the hypertonic saline group had
to withdraw because of haemoptysis, although it was not clear if
this was directly related to treatment (Eng 1996). In the hypertonic
saline group, one participant complained of chest tightness and
one of throat irritation, with none in the isotonic saline group
complaining of these symptoms (Analysis 1.14).

In the 1999 Robinson trial, despite participants being pre-treated
with terbutaline, there was a tendency for those who received
hypertonic saline to have a larger fall in FEV1 % predicted within

five minutes of receiving hypertonic saline, although the diLerence
was not significant, MD 5.20% (95% CI -0.59 to 10.99) (Analysis
1.12). Participants who received hypertonic saline described higher
scores for throat irritation on a VAS compared to isotonic saline
control, though the number describing throat irritation was not
stated. Frequency of cough in those treated with hypertonic saline
could not be directly compared to the days when they received the
isotonic saline control as to they were encouraged to cough on the
control days to match the active day's cough so as not to confound
the results of the mucociliary clearance data (Robinson 1999).

Rosenfeld also reported adverse events related to the trial
interventions and found that symptoms of cough and found there
was no diLerence in serious adverse events (Rosenfeld 2012).

Hypertonic saline 3% to 7% versus isotonic saline during acute
exacerbations of lung disease

Two trials (n = 142) assessed the eLect of hypertonic saline during
an acute exacerbation of lung disease (Dentice 2016; Riedler 1996).

One was of parallel design and we were able to enter data into the
analysis (Dentice 2016). The second trial used a cross-over design
and due to data limitations we have reported the results narratively
(Riedler 1996). A summary of the results and our judgements with
regards to the quality of the evidence can be found in the tables
(Summary of findings 2).

Primary outcomes

1. Lung function

a. FEV1

Only the Dentice trial assessed the change in lung function, and
this was as a secondary outcome (Dentice 2016). Spirometry was
performed daily and the investigators reported that FEV1 was

higher in the hypertonic saline arm using a mixed-eLects model in
the first 10 days of treatment. We were able to assess the change
from baseline in FEV1 % predicted aPer the authors supplied the

raw data. There were no diLerences between those treated with
hypertonic saline versus isotonic saline either at treatment day 7,
MD 3.95% (95% CI -16.69 to 24.59); at treatment day 10, MD -2.70%
(95% CI -24.69 to 19.29); or at time of discharge, MD 5.10% (95% CI
-14.67 to 24.87) (Analysis 2.1) (low-quality evidence). Dentice also
showed that participants treated with hypertonic saline were more
likely to return to their pre-exacerbation FEV1 than those treated

with isotonic saline, 75% versus 57% (number needed to treat was
6 (95% CI 3 to 65)) (Dentice 2016).

b. FVC

Only Dentice measured the change in FVC as a secondary outcome
in a similar manner to FEV1 (Dentice 2016). We were able to assess

the change from baseline in FVC % predicted aPer the authors
supplied the raw data. Again, there were no diLerences between
groups when assessed at treatment day 7, MD 1.10% (95% CI -5.74
to 7.94); at day 10, MD 7.90% (95% CI -1.86 to 17.66); or at discharge,
although significance was nearly reached at this time point, MD
6.1% (95% CI -0.68 to 12.88) (Analysis 2.2).

2. Mortality

There were no deaths reported in either short-term trial (Dentice
2016, Riedler 1996) (low-quality evidence).

Secondary outcomes

1. Measures of sputum clearance

This outcome was not reported in either trial (Dentice 2016, Riedler
1996).

2. Exercise tolerance

Dentice assessed exercise tolerance using the shuttle walk test
comparing the groups at day 7; the results just failed to
demonstrate a diLerence between groups, MD 46.00 m (95% CI
-14.81 to 106.81) (Analysis 2.3).

3.. Measures of QoL and symptom score

Riedler used a VAS to report a feeling of cleared chest in a short-
term cross-over trial (Riedler 1996). The paper reports median
(interquartile range) scores, which we are unable to analyse and
so report narratively. The score was significantly higher aPer
hypertonic saline, median (range) 2.0 (0.0 to 3.0) compared to aPer
isotonic saline 0.5 (-2.0 to 2.3) (P = 0.04), but this was not the
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case aPer participants had crossed over to the alternate arm when
the median (range) score for hypertonic saline was 2.0 (1.0 to 3.0)
and for isotonic saline 1.0 (0.0 to 3.0) (P = 0.463) (Riedler 1996).
Dentice also used a VAS (100 mm scale) to measure changes in
chest congestion, sleep disturbance and dyspnoea (both daily and
at the time of discharge) and analysed the data using a mixed eLect
model (Dentice 2016). At discharge, the hypertonic saline group had
significantly less severe sleep disturbance by 15 mm (95% CI 6 to
23), chest congestion by 9 mm (95% CI 4 to 14) and dyspnoea by
6 mm (95% CI 1 to 12). Dentice also measured QoL using the SF36
and the CFQ at day 7 and at discharge, but no diLerences were seen
between the groups (Dentice 2016).

4. Pulmonary exacerbations

Dentice assessed the length of time until the next
pulmonary exacerbation requiring hospitalisation and duration of
hospitalisation.

b. admission to hospital

There was no significant diLerence between treatment groups in
the length of time until the next pulmonary exacerbation requiring
hospitalisation, hazard ratio 0.86 (95% CI 0.57 to 1.30) (Dentice
2016) (low-quality evidence).

c. duration of hospital stay

This was the primary outcome in the Dentice trial (Dentice 2016).
The length of stay was 12 days in the hypertonic saline group and
13 days in the isotonic saline group, the paper reported this with
a MD of 1 day (95% CI 0 to 2), P = 0.07. The mean estimate of one
day was below the two-day diLerence nominated in the sample size
calculation.

5. Medication delivery time

This outcome was not assessed by either trial (Dentice 2016; Riedler
1996).

6. Cost of treatment

This outcome was not assessed by either trial (Dentice 2016; Riedler
1996).

7. Adherence

In Dentice 2016, both treatment arms demonstrated very good
adherence; only 6% of the hypertonic saline group and 14% of
the control group were less than 75% adherent to the allocated
intervention (Dentice 2016). Adherence was not reported by Riedler
(Riedler 1996).

8. Bacteriology

Dentice found no diLerence between the groups in terms of
bacterial density when comparing bacterial cultures taken on
admission with cultures taken at day 7 (Dentice 2016). There was no
diLerence between the groups for participants who were positive
for P aeruginosa on admission and who were negative on day 7
(10% in the hypertonic saline group and 6% in the isotonic saline
group). Clearance of S aureus was higher in both groups but still did
not show a diLerence between groups, 25% in the hypertonic group
and 24% in the control group. This outcome was not reported by
Riedler (Riedler 1996).

9. Adverse events

Both trials reported on this outcome, but the quality of the evidence
was judged to be very low. Dentice reported that no participants
had an acute fall greater than 15% in FEV1 or oxygen desaturation

aPer their first dose of hypertonic saline (with salbutamol before
treatment) (Dentice 2012). There were reports of mild cough and
wheeze that resolved in 15 minutes; but there were no serious
adverse events reported in either group (Dentice 2012).

Riedler reported that most participants coughed "substantially
more" when inhaling hypertonic saline compared to isotonic saline,
especially during the first few minutes of inhalation, but this usually
resolved before the end of the inhalation period (Riedler 1996).

Hypertonic saline versus mucus mobilising treatments

Hypertonic saline versus rhDNase

Three trials were eligible for inclusion in this comparison (n = 80)
(Adde 2004; Ballmann 1998; Suri 2001). All three were cross-over
trials; due to data limitations we analysed two of these as if they
were parallel trials (Adde 2004; Ballmann 1998), but were able to
analyse the Suri data using the generic inverse variance (Suri 2001).
A summary of the main results and judgements on the quality of the
evidence are presented in the tables (Summary of findings 3).

Primary outcomes

1. Lung function

a. FEV1

All three trials reported on this outcome (Adde 2004; Ballmann
1998; Suri 2001). Suri measured the mean increase in FEV1 %

predicted from baseline comparing hypertonic saline 3% 5 mL
(3% increase) to daily rhDNase (16% increase) and alternate-daily
rhDNase (14% increase) (Suri 2001). Comparisons between daily
hypertonic saline and daily rhDNase have been presented in this
review; these were reported by Ballmann and Suri. The results have
not been pooled because the duration of the interventions in the
two trials was very diLerent; three weeks for the Ballmann trial and
three months for the Suri trial (Ballmann 1998; Suri 2001).

APer three weeks Ballmann did not demonstrate a significant
diLerence between hypertonic saline and rhDNase, MD 1.60% (95%
CI -7.96 to 11.16) (Analysis 3.1) (Ballmann 1998) (very low-quality
evidence). However, aPer three months, Suri found that hypertonic
saline showed a lower change in FEV1 % predicted compared to

rhDNase, MD 8.00% (95% CI 2.00 to 14.00) (Analysis 3.1) (low-
quality evidence). Both Ballmann and Suri compared the number of
participants who improved their FEV1 by 10% or more from baseline

aPer treatment (Ballmann 1998; Suri 2001). At three weeks Ballman
reported in the paper that those treated with hypertonic saline
were less likely to increase their FEV1 by 10% but our analysis does

not show a statistical diLerence between treatments, OR 1.00 (95%
CI 0.25 to 4.00); this was also true for the Suri trial at three months,
OR 0.38 (95% CI 0.14 to 1.08) (Analysis 3.2).

Adde reported the change in FEV1 % predicted and found

no diLerence between treatments. The results have not been
presented in a meta-analysis as they did not report a MD and
standard error (Adde 2004).

b. FVC
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Suri reported that there was no statistical diLerence between daily
rhDNase and hypertonic saline, MD 0.03 (95% CI -0.06) (Analysis 3.3)
(Suri 2001).

2. Mortality

None of the trials reported on this outcome.

Secondary outcomes

1. Measures of sputum clearance

None of the trials reported on this outcome.

2. Measures of exercise capacity

Suri measured exercise tolerance using a three-minute step test
at the end of each treatment period. As part of the step test, the
changes in the saturation of haemoglobin with oxygen in arterial
blood (SaO2), the VAS score and the 'fiPeen count breathlessness
score' (FCS) were recorded (Suri 2001). They reported no significant
diLerences between the groups for either oxygen saturation, MD
-0.06 (95% CI -0.95 to 0.83), VAS for breathlessness, MD 0.38 (95% CI
-0.16 to 0.92), or FCS, MD -0.05 (95% CI -0.44 to 0.34) (Analysis 3.4;
Analysis 3.5; Analysis 3.6).

3. Measures of QoL and symptom scores

Two trials reported on this outcome; however, the results have
not been pooled as the outcome measures were not standardised
(Adde 2004; Suri 2001). Suri assessed symptoms using the quality
of well being self-administered form 1.04 (Suri 2001). They reported
there was no significant diLerence in scores between the groups,
MD 0.03 (95% CI -0.01 to 0.07) (Analysis 3.7). Adde assessed
symptom scores using a five-point Likert scale and also reported no
significant diLerence between groups (Adde 2004).

4. Pulmonary exacerbations

Suri described pulmonary exacerbations during the trial, with 15
episodes occurring during treatment with hypertonic saline and 18
with daily rhDNase (Suri 2001). The authors of the paper report that
there was no statistical diLerence between treatments (low-quality
evidence).

5. Medication delivery time

Ballmann compared delivery time in minutes between hypertonic
saline 5.85% 10 mL twice-daily and rhDNase 2.5 mg twice-daily and
found that hypertonic saline took significantly longer to nebulise,
MD -31.00 minutes (95% CI -37.56 to -24.44) (Analysis 3.8). The
large diLerence in nebulisation time relates to the diLerence in
volumes nebulised using the same Pari master or Pari LL nebuliser
(Ballmann 1998).

6. Cost

Two trials compared the cost of treatment between rhDNase
and hypertonic saline (Ballmann 1998; Suri 2001). Ballmann
compared one month of hypertonic saline treatment with rhDNase
(Deutschmark (DM) 2427) to hypertonic saline (DM 86) (Ballmann
1998). Suri compared total healthcare cost for the treatments
incorporating not just drug cost but also admission, outpatient
review, cost of investigations and the cost of utilising community
resources (Suri 2001).

Suri investigated the mean cost diLerence between daily rhDNase
and hypertonic saline and alternate-day rhDNase at 12 weeks. As

reported in the original paper, the drug cost per day was reported to
be GBP 0.38 for hypertonic saline, GBP 20.39 for once-daily rhDNase
and GBP 10.20 for alternate-day rhDNase. The average total cost
of an occupied bed per day ranged from GBP 280 to GBP 397 (Suri
2001). The mean annual drug cost of daily rhDNase was GBP 1755
compared with GBP 37 for hypertonic saline and the MD in the total
health service cost between daily rhDNase and hypertonic saline
was GBP 1409.00 (95% CI GBP 440.00 to GBP 2318.00). The MD in
total cost between daily rhDNase and alternate-day rhDNase was
GBP 513.00 (95% CI GBP -546.00 to GBP 1510.00) (Suri 2001).

7. Adherence

Only one trial assessed adherence; Suri reported the number
of returned treatment packs (Suri 2001). Those on rhDNase had
compliance rates of 84%, with those on hypertonic saline having
93% compliance.

8. Bacteriology

Suri assessed sputum microbiology throughout the trial and did
not identify any new pathogens acquired during the course of the
trial amongst individuals (Suri 2001).

Adde compared P aeruginosa growth and found no diLerence in
bacterial load using hypertonic saline compared to rhDNase (Adde
2004).

9. Adverse events

Suri found similar rates of adverse events between all treatment
arms, but the quality of the evidence was judged to be low (Suri
2001). Three participants had to withdraw because of a fall of
15% or greater in FEV1 aPer receiving hypertonic saline despite

pre-treatment with bronchodilators. Increased cough was very
common with all treatments and reported in 13 participants using
hypertonic saline, 17 on daily rhDNase and 23 on alternate day
rhDNase.

Hyperontic saline versus amiloride

One trial was eligible for inclusion in this comparison (n = 12)
(Robinson 1996). The main results and the quality of the evidence
are presented in the tables (Summary of findings 4).

Primary outcomes

1. Lung function

The included trial did not report on this as an outcome.

2. Mortality

The included trial did not report on this as an outcome.

Secondary outcomes

1. Measures of sputum clearance

The included trial looked at the eLect of amiloride with hypertonic
saline and amiloride alone compared to isotonic saline (Robinson
1996). There was no additional diLerence with amiloride and
amiloride alone was not significantly diLerent from isotonic saline
(very low-quality evidence).

2. Measures of exercise capacity

The included trial did not report on this as an outcome.
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3. Measures of QoL and symptom scores

The included trial did not report on this as an outcome.

4. Pulmonary exacerbations

The included trial did not report on this as an outcome.

5. Medication delivery time

The included trial did not report on this as an outcome.

6. Cost

The included trial did not report on this as an outcome.

7. Adherence

The included trial did not report on this as an outcome.

8. Bacteriology

The included trial did not report on this as an outcome.

9. Adverse events

The included trial did not report on this as an outcome.

Hypertonic saline versus sodium-2-mercaptoethane sulphonate
(Mistabron®)

One trial was eligible for inclusion in this comparison (n = 29) (Weller
1980). Only 3 mL of 7% hypertonic saline was used in the Weller
trial (Weller 1980). We were unable to enter data into the graphs,
because SDs were not reported in the paper. The main results and
the judgements on the quality of the evidence are presented in the
tables (Summary of findings 5).

Primary outcomes

1. Lung function

Weller compared sodium-2-mercaptoethane sulphonate 20% 3
mL twice-daily to hypertonic saline 7% 3 mL twice-daily (Weller
1980). Participants were divided into sputum producers and
non-sputum producers. The sputum producers who were given
sodium-2-mercaptoethane sulphonate increased peak expiratory
flow (PEF) (change from baseline of 7 L/min) compared to
hypertonic saline (change from baseline of -2 L/min, P < 0.02).
There was no significant diLerence in PEF in the non-sputum
producers. Furthermore, FVC was not significantly diLerent in
either group. The Vmax 50% vital capacity (VC) increased in

the sputum producers with sodium-2-mercaptoethane sulphonate
(+10) compared to hypertonic saline (0, P < 0.005). In the non-
sputum producers, hypertonic saline improved Vmax 50% VC (+14)

compared to sodium-2-mercaptoethane sulphonate (-5), but this
was not significant. In the sputum producers group residual volume
(RV) and total lung capacity (TLC) improved with hypertonic
saline (+1) compared to sodium-2-mercaptoethane sulphonate
(-5, P < 0.05). In the non-sputum producers group, sodium-2-
mercaptoethane sulphonate had no eLect (0) on RV or TLC, whilst
hypertonic saline had some eLect (-6), again this did not reach
significance.

2. Mortality

The included trial did not report on this as an outcome.

Secondary outcomes

1. Measures of sputum clearance

Weller described no significant diLerence in sputum volume, colour
or cough frequency between the groups (Weller 1980) (very low-
quality evidence).

2. Measures of exercise capacity

The included trial did not report on this as an outcome.

3. Measures of QoL and symptom scores

The included trial did not report on this as an outcome.

4. Pulmonary exacerbations

There was no change in sputum bacteriology or the number of
courses of antibiotics prescribed (Weller 1980) (very low-quality
evidence).

5. Delivery time

The included trial did not report on this as an outcome.

6. Cost

The included trial did not report on this as an outcome.

7. Adherence

The included trial did not report on this as an outcome.

8. Bacteriology

The included trial did not report on this as an outcome.

9. Adverse events

In the Weller trial, the group given sodium-2- mercaptoethane
sulphonate and hypertonic saline described coughing at the
beginning of their inhalations, no other serious adverse events
occurred (Weller 1980) (very low-quality evidence).

Hypertonic saline versus mannitol

One trial was eligible for inclusion in this comparison (n = 12)
(Robinson 1999). In the analysis, due to data limitations, data from
this cross-over trial have been entered and analysed as if they were
from a parallel trial. The main results and the quality judgements on
the evidence are presented in the tables (Summary of findings 6).

Primary outcomes

1. Lung function

The change from the pre-intervention FEV1 was reported at five

minutes aPer inhalation and again 95 minutes later (Robinson
1999). The paper reported the mean (standard error) value for each
intervention and their respective controls at each time-point, but
only reported the level of significance compared to control. At five
minutes post inhalation the mean (standard error) change in FEV1
for hypertonic saline was -5.8 (1.2) and for mannitol -7.3 (2.5); at the
later time-point the mean (standard error) diLerence was -2.0 (0.7)
for hypertonic saline and -1.8 (2.7) for mannitol (Robinson 1999)
(very low-quality evidence).

2. Mortality

The included trial did not report on this as an outcome.
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Secondary outcomes

1. Measures of sputum clearance

In the included trial, there was no significant diLerence between
mannitol at 300 mg and hypertonic saline for matched voluntary
cough (Robinson 1999) (very low-quality evidence).

2. Measures of exercise capacity

The included trial did not report on this as an outcome.

3. Measures of QoL and symptom scores

In the 1999 trial, Robinson used a VAS to assess the need to cough
and reported that there was no diLerence between hypertonic
saline 6% and mannitol 300 mg (Robinson 1999).

4. Pulmonary exacerbations

The included trial did not report on this as an outcome.

5. Medication delivery time

Robinson compared the time taken to nebulise hypertonic saline
6% (4.4 mL) to mannitol 300 mg and found hypertonic saline
took less time, MD -6.10 min (95% CI -7.32 to -4.88) (Analysis 4.1)
(Robinson 1999).

6. Cost

The included trial did not report on this as an outcome.

7. Adherence

The included trial did not report on this as an outcome.

8. Bacteriology

The included trial did not report on this as an outcome.

9. Adverse events

In the 1999 Robinson trial, mannitol was regarded as more irritating
than the control on VAS. While FEV1 fell significantly five minutes

aPer treatment with both mannitol and hypertonic saline 6%
compared to control (P = 0.004), by 95 minutes there was no
significant diLerence between the groups (Robinson 1999) (very
low-quality evidence).

D I S C U S S I O N

Summary of main results

Hypertonic saline versus control (stable disease)

Eleven trials evaluated hypertonic saline compared to control in
participants with stable lung disease (Amin 2010; Cardinale 2003;
Chadwick 1997; Elkins 2006a; Eng 1996; Laube 2009; Mainz 2015;
Robinson 1996; Robinson 1997; Robinson 1999; Rosenfeld 2012).
This review has shown that, compared to placebo, the regular use
of nebulised hypertonic saline by adults and children over the age
of 12 years with CF and stable lung disease appears to lead to a
modest improvement in lung function (FEV1 % predicted) aPer four

weeks of treatment (very low-quality evidence) (Amin 2010; Elkins
2006a; Eng 1996), but this eLect does not result in a sustained
improvement in lung function aPer 48 weeks of treatment (low-
quality evidence) (Elkins 2006a). However, this improvement at four
weeks may not be seen in those with normal lung function or mild
obstruction as measured by spirometry. There were mixed results

for other measures of lung function. Our analysis of one paediatric
trial showed no diLerence in LCI at four weeks, although the
original investigators reported a diLerence in favour of hypertonic
saline (very low-quality evidence) (Amin 2010). No trial reported on
mortality.

Hypertonic saline improved mucociliary clearance compared to
control (very low-quality evidence) (Laube 2009; Robinson 1996;
Robinson 1997; Robinson 1999). Two trials assessed symptom
improvement aPer short-term treatment using simple VAS and
found an improvement in feelings of better chest clearance,
exercise tolerance and quality of sleep (Eng 1996; Riedler 1996).
In the long-term trials (48 weeks), Elkins showed treatment may
improve some aspects of QoL in adults but not in children, while
Rosenfeld showed no improvement in parent-reported QoL scores
(Elkins 2006a; Rosenfeld 2012). Elkins also reported decreased
absenteeism from work or school (Elkins 2006a). When delivered by
a Pari Sinus nebuliser, hypertonic saline did not improve nasal and
sinus symptoms in one trial (Amin 2010).

We found low-quality evidence from two trials for the outcome
of pulmonary exacerbations (Elkins 2006a; Rosenfeld 2012). One
multicentre trial (164 adults) showed that nebulised hypertonic
saline reduced the frequency of pulmonary exacerbations (Elkins
2006a). However, in a paediatric multicentre trial (321 children
under six years of age with stable lung disease) hypertonic
saline did not reduce the frequency of pulmonary exacerbations
when compared to placebo (Rosenfeld 2012). Our analysis of the
adult trial demonstrated a reduction in exacerbations requiring
antibiotics, though no diLerence was seen in hospitalisations
(Elkins 2006a). This finding has been felt to be important enough
to result in an increasing uptake in treatment with hypertonic
saline and led Rosenfeld to determine if early intervention in young
children (under six years of age) would be beneficial. The Rosenfeld
trial was powered to assess an impact on well-defined pulmonary
exacerbations, but no benefit was seen aPer 48 weeks of treatment
(Rosenfeld 2012).

No trial assessed medication delivery time or the cost of treatment.
Limited reporting from three trials indicated no diLerence between
hypertonic saline or control for adherence (Amin 2010; Elkins
2006a; Rosenfeld 2012).

Six trials reported details of adverse events (Amin 2010; Chadwick
1997; Elkins 2006a; Eng 1996; Robinson 1999; Rosenfeld 2012; ). In
the long-term trials there was no increase in serious adverse events,
though cough and throat irritation do appear to be more frequent
in hypertonic saline compared to control, but this does not appear
to have been a serious enough side eLect to have led to participant
withdrawals (Elkins 2006a; Rosenfeld 2012). Hypertonic saline does
not increase the bacterial load of P aeruginosa or S aureus (Elkins
2006a). In the Eng trial, one participant did withdraw from the
hypertonic saline group because of haemoptysis; although it is not
proven that this was a consequence of the treatment (Eng 1996).

Hypertonic saline versus control (acute exacerbation)

Two trials assessed hypertonic saline in participants with an
acute exacerbation (Dentice 2016; Riedler 1996). Hypertonic saline
remains the only reported mucus clearing therapy that has been
used in the context of acute exacerbations (Dentice 2016; Riedler
1996). In adults admitted to hospital with an acute exacerbation
of CF lung disease, hypertonic saline did not lead to a greater
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improvement in lung function as measured by FEV1 (low-quality

evidence) and FVC, although a greater proportion of those
treated with hypertonic saline regained their pre-exacerbation FEV1
(Dentice 2016). No deaths were reported in either trial (low-quality
evidence). Neither trial assessed measures of sputum clearance.
Hypertonic saline did lead to improvements in symptoms and
QoL as well as a modest reduction in length of hospital stay,
although it did not lengthen the time until the next exacerbation
(low-quality evidence). No trial assessed medication delivery time
or the cost of treatment. Only one trial reported on adherence
and assessed this as very good in both treatment arms (Dentice
2016), The same trial reported no diLerence in any measures of
bacteriology. Even though these trials treated participants with
acute exacerbations of lung disease, Dentice reported there were
no serious adverse events and the intervention was well-tolerated
(Dentice 2016); Riedler reported that initially most participants
coughed "substantially more" when inhaling hypertonic saline
compared to isotonic saline, but this usually resolved before the
end of the inhalation period (Riedler 1996).

Hypertonic saline versus rhDNase

Three trials compared hypertonic saline to rhDNase (Adde 2004;
Ballmann 1998; Suri 2001). In comparison with rhDNase, there was
no diLerence between treatments at three weeks (very low-quality
evidence) (Ballmann 1998), but at three months hypertonic saline is
less likely to result in an improvement in lung function in those with
stable lung disease (very low-quality evidence) (Suri 2001). Neither
trial assessed LCI, mortality or measures of sputum clearance. One
trial reported at 12 weeks on the change in exercise tolerance,
dyspnoea, oxygen saturation during exercise and symptom score
and found no diLerences between those treated with rhDNase and
hypertonic saline (Suri 2001). In the same trial, all treatment arms
experienced a high frequency of pulmonary exacerbations, but
this may be a reflection of the severity of the groups underlying
lung disease (very low-quality evidence). In terms of cost both
Ballmann and Suri found hypertonic saline to be less expensive
compared to rhDNase (Ballmann 1998; Suri 2001). One trial found
that hypertonic saline took significantly longer than rhDNase to
administer (Ballmann 1998) and this may have implications for
adherence to treatment. Suri specifically examined adherence,
which appeared high and comparable to rhDNase in the three-
month Suri trial (Suri 2001). Only one trial assessed adverse events
and found similar rates of events between groups (Suri 2001) (very
low-quality evidence). Acute bronchospasm remains a concern
with hypertonic saline. Despite pre-treatment of participants with
bronchodilators, three were excluded from the Suri trial due to a fall
in FEV1 greater than 15% (Suri 2001).

Hypertonic saline versus amiloride

One small trial evaluated this comparison, but did not report on
most of our outcomes (Robinson 1996). The trial did report that
there was no diLerence between hypertonic saline and amiloride in
terms of sputum clearance (very low-quality evidence).

Hypertonic saline compared with sodium-2-mercaptoethane
sulphonate (Mistabron®)

One small trial evaluated this comparison, but did not provide data
we were able to analyse (Weller 1980). The trial did not report FEV1,

but reported mixed results for other lung function measurements.
There was no diLerence between groups in measures of sputum

clearance, sputum bacteriology or the number of courses of
antibiotics prescribed (very low-quality evidence). All participants
described coughing at the beginning of their inhalations, no other
serious adverse events occurred (Weller 1980) (very low-quality
evidence).

Hypertonic saline versus mannitol

One cross-over trial compared hypertonic saline to mannitol
(Robinson 1999). Investigators assessed FEV1 at up to 95 minutes,

which is not of clinical relevance to this review (very low-quality
evidence), and reported within-group changes from baseline but
no data for between-group comparisons. There was no diLerence
in sputum clearance between groups (very low-quality evidence).
The trial also reported no diLerence between groups in symptoms
(the need to cough) and that hypertonic saline took less time to
nebulise than mannitol. However, mannitol was considered to be
more irritating than hypertonic saline (very low-quality evidence).
No other outcomes from this review were reported.

Overall completeness and applicability of evidence

The rationale behind the use of hypertonic saline is the inherent
defect in the CFTR that results in abnormal airway mucus and
reduced mucus clearance. This in turn is likely to predispose to
recurring infection which continues to have the greatest impact on
mortality and morbidity in CF. Treatment to improve mucociliary
clearance has been proposed to at least retard this progressive
destructive process, to provide an adjunct to physical therapies and
to reduce the reliance on antimicrobial use.

A series of small proof-of-concept trials included in this review
initially showed that hypertonic saline resulted in an improvement
in measures of mucociliary clearance over isotonic saline and cough
alone (Riedler 1996; Robinson 1996; Robinson 1997; Robinson
1999). They showed that a dose of 7% hypertonic saline was more
eLective than 3%, but there was no significant advantage gained
by increasing the dose to 12% or by adding amiloride. While they
investigated the dose-response eLect of varying concentrations of
saline, they did not look at the impact of the volume nebulised.

The evidence available for hypertonic saline in stable CF lung
disease has increased since this review was commenced. However,
the conclusions remain limited to a small number of relatively large
multicentre trials, that have examined the issue in heterogenous
patient populations and unfortunately there are no data on the
eLects of hypertonic saline in combination with rhDNase. The
Elkins trial, while not demonstrating a sustained improvement in
lung function, remains promising by demonstrating a reduction
in exacerbation frequency and a small improvement in QoL
(Elkins 2006a). This eLect was not seen in in children without
airflow limitation as measured by spirometry (FEV1 over 80%

predicted) (Amin 2010). It did improve mucociliary clearance and
ventilation inhomogeneity as measured by the LCI in those with
mild lung disease, though the long-term implications of this finding
are unclear. When delivered following a bronchodilator it is an
inexpensive additional therapy for people with CF, which does not
appear to be associated significant adverse eLects (Amin 2010). In
younger children hypertonic saline did not improve measures of
infant lung function or reduce pulmonary exacerbations (Rosenfeld
2012).
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We chose lung function as our primary outcome because of its
relationship in the long term with mortality in CF and by inference
to see if hypertonic saline would alter this decline (Courtney 2007).
Elkins performed the largest trial in adults and children over six
years of age, to address whether hypertonic saline (7%) compared
to isotonic saline (0.9%) would improve FEV1 aPer 48 weeks of

treatment (Elkins 2006a). They failed to demonstrate a significant
improvement in lung function over 48 weeks, although our pooled
analysis of both the smaller trial by Eng together with the Elkins trial
did demonstrate a small improvement in FEV1 aPer four weeks of

treatment (Elkins 2006a; Eng 1996).

One limitation of using lung function markers such FEV1 is that,

despite their association with long-term outcomes, they may be
relatively insensitive to small changes in CF, especially over time
given the progressive nature of the disease. Also, those with
intact lung function who may benefit most in the long term
from hypertonic saline, would be less likely to demonstrate an
improvement. With this in mind, Amin used the LCI, which is a
novel measure of ventilation inhomogeneity using an inert gas
multiple-breath washout technique and which has been validated
in CF and shown to be more sensitive in detecting early airways
disease (Gustafsson 2008). Amin proposed that in those with only
mild airflow limitation this would be more sensitive to change
with hypertonic saline, and demonstrated this aPer four weeks of
treatment, although there was no improvement seen with FEV1
or even improvement in symptom scores (Amin 2010). It remains
to be determined if this change will result in significant long-term
improvement in health for individuals with CF or how this may
relate to the progression of CF lung disease.

It is important to realise that before participants started the trials,
they were pre-treated with salbutamol and lung function measured
to determine whether they could tolerate hypertonic saline and
only those who did tolerate it were allowed to carry on. This means
that the results of the trials only apply to those people with CF who
can tolerate hypertonic saline.

Ballmann compared hypertonic saline 5.75% 10 mL twice-daily to
nebulised rhDNase 2.5 mg and found that in both groups FEV1
improved to a similar degree in three weeks (Ballmann 1998). In
the Suri trial, twice-daily 5 mL hypertonic saline 7% was compared
to daily and alternate-day rhDNase 2.5 mg (Suri 2001). When
treated with either rhDNase regimen, participants had a significant
improvement in lung function from baseline, but when treated with
hypertonic saline there was an increase of only 3% from baseline,
less than seen in the Ballmann and Eng trials (Ballmann 1998;
Eng 1996). In both of these trials 10 mL of hypertonic saline was
used compared to 5 mL as used by Suri and Weller (Suri 2001;
Weller 1980). This raises the possibility that the eLectiveness of
treatment may also depend on the total volume of saline nebulised
and this may account for the lower eLect size seen by Suri (Suri
2001). In addition, Suri found a wide variation in response to
treatment with both rhDNase and hypertonic saline, with over
50% of participants demonstrating a more than 10% increase in
FEV1 with rhDNase and 35% of participants with hypertonic saline.

Thus, despite the overall reduced eLect seen with hypertonic saline
on lung function in individuals, both rhDNase and hypertonic
saline have the potential to substantially improve lung function
in the medium term. The wide variation seen in response to both
hypertonic saline and rhDNase raises the possibility that there may

be subgroups of people with CF who are more likely to respond
to eLorts to improve mucociliary clearance. It also suggests that
some individuals may respond better to one treatment compared
to the other and physicians may wish to consider this particularly
in individuals who fail to respond to rhDNase.

Quality of the evidence

Using GRADE, we judged the quality of the evidence from this
review to be of very low to low quality, depending on the
outcome measured (Summary of findings for the main comparison;
Summary of findings 2; Summary of findings 3; Summary of
findings 4; Summary of findings 5; Summary of findings 6).

We do not think that the way the trials were designed aLected
the results, with even the cross-over trials allowing for adequate
washout at least in terms of lung function change. We judged
that all participants had equal chances of being in either of the
treatment groups. However, in all but two trials (Dentice 2016;
Elkins 2006a), the taste was not masked and participants would
be able to identify the hypertonic saline. The participants who
dropped out of the trials appear to have been accounted for and are
unlikely to influence the results.

Potential biases in the review process

Data were extracted, using predefined data extract sheets,
independently by each of the authors and then a consensus was
reached in regard to inclusion or exclusion. In addition, both the
authors were involved in one trial (Elkins 2006a) and Wark was
involved in a further trial (Dentice 2016). Where one or more
author(s) of this Cochrane Review was a co-author on an included
trial, a third party performed the data extraction and assessment of
quality for that trial.

Agreements and disagreements with other studies or
reviews

The first therapy used to enhance mucus clearance was rhDNase;
it is eLective in improving lung function in CF and has been
adopted in most countries (Ramsey 1994). A separate systematic
review found that when compared with placebo rhDNase improves
lung function in people with CF in trials lasting from one month
to two years (Yang 2018). There was a decrease in pulmonary
exacerbations in trials of six months or longer. Voice alteration
and rash were the only adverse events reported with increased
frequency in randomised controlled trials. Although investigators
also concluded that there that there was not enough evidence
to firmly conclude if rhDNase is superior to hyperosmolar agents
such as hypertonic saline in improving lung function. Nebulised
rhDNase is a relatively expensive treatment and in many countries
its use is restricted to those who have degrees of impairment of
lung function and who demonstrate an improvement in pulmonary
function tests during a trial period (Ramsey 1994).

Similar to the authors of the Cochrane Review of rhDNase (Yang
2018), we do not believe there is suLicient evidence to conclusively
show superiority of rhDNase over hypertonic saline; however, the
eLect size does appear to be greater for the former.

The other hyperosmolar agent that has been adapted for use as
a treatment in CF has been inhaled mannitol. This treatment is
the subject of a Cochrane Review which found that at least for up
to six months, mannitol led to an improvement in lung function
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(Nevitt 2018). The review did not find that it improved QoL, but it
did reduce exacerbation frequency. While mannitol was assessed
against control, against rhDNase and in combination with rhDNase,
it was not assessed against hypertonic saline.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

There is low to very low-quality evidence showing the benefits
of hypertonic saline compared to placebo in those over the age
of 12 years with cystic fibrosis (CF) in terms of improvement in
lung function at least in the short term, but it should not be used
in preference to dornase alfa (rhDNase). At this stage the benefit
appears to be a modest reduction in frequency of pulmonary
exacerbations, and an improvement in chest symptoms, though
evidence does not exist to say in whom it works best. In children
under the age of 12 years we have not found suLicient evidence
to justify its routine use. In those over the age of six years, an
improvement in exacerbation frequency was not seen, and in this
cohort of children with milder lung disease, the modest benefits
seen with hypertonic saline in earlier trials could not be detected.
Improvement in one small cross over trial in 10 children (very low-
quality evidence) showed a small improvement this was not seen
in our analysis . A larger trial would be needed to determine if this
improvement can be related to clinical outcomes in children under
12 years of age.

The variation in response seen in individuals to both rhDNase and
hypertonic saline raises the possibility that certain individuals will
respond better to one agent compared to the other. In order to
assess the individual response to therapy it would therefore be
reasonable to conduct a modified N of 1 trial in people with CF
where the person acts as their own control, on and oL treatment.
Suitable individuals to consider therapy are those in the clinic who
fail to respond, are ineligible or are unable to tolerate rhDNase;
with hypertonic saline used as an alternative agent to increase
mucociliary clearance. Unfortunately there are no data on the
eLects of hypertonic saline in combination with rhDNase.

In the majority of trials hypertonic saline was used aPer pre-
treatment with bronchodilators and as an adjunct to chest
physiotherapy; in both cases this may be important to ensure its
eLicacy. When delivered following a bronchodilator, hypertonic
saline is an inexpensive and safe therapy for people with CF.

Implications for research

The eLect hypertonic saline has on mucus clearance and
consequently short-term improvements in lung function is
relatively small. Future assessments of eLicacy for agents that
improve mucociliary clearance should be assessed in robust longer-
term randomised controlled trial designs. These should consider
alternative primary outcomes, such as pulmonary exacerbations
or validated quality of life (QoL) measures, as these appear to be
more responsive to change for this intervention than conventional

lung function tests. Measurement of pulmonary exacerbation rates
are diLicult and would benefit from tighter clinical definitions,
especially around milder exacerbations. The emergence of more
sensitive measures of early disease such as lung clearance index
(LCI) or chest computer tomography (CT), may provide novel
outcomes that are a more sensitive index to change. It may
be possible, using these outcomes, to determine in longitudinal
trials if hypertonic saline increases the time to next exacerbation
and if there is a sustained reduction in exacerbation frequency.
It may then be possible to see if this translates to a more
compelling improvement in QoL. Such long-term trials are diLicult
to undertake in CF, but data could be obtained in retrospect from
national data registries.

There is also a good case for undertaking equivalence trials
comparing hypertonic saline to other interventions, as hypertonic
saline is likely to remain less costly, especially where new
treatments tend to be associated with increasing costs.

Consideration should be given to defining if there are groups of
individuals who will respond better to hypertonic saline or other
mucociliary clearance agents, especially rhDNase so as to better
tailor treatment. Any future trials of hypertonic saline should
determine who will benefit most from this intervention. Trials that
combine mucociliary agents and or physical therapy also need to
be considered to assess eLicacy.
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Characteristics of included studies [ordered by study ID]

 

Methods Open-label, randomised trial.

Design: cross-over with 4 weeks in each treatment arm and a 2-week washout period in between.

Location: Brazil (single centre).

Participants Total participants: n = 18, 5 male and 13 female.

CF diagnosis: not stated.

Age: mean (SD) 14.8 (4.8) years, range 8.7 to 25.8 years.

Baseline characteristics

Airway colonization:

• Pseudomonas aeruginosa = 17

Adde 2004 
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• Staphylococcus aureus = 12

• Haemophylus influenzae = 1

Shwachman score: median (range) 65 (55 – 90).

Pancreatic insufficiency: n = 17.

Previous use of DNase: n = 15.

Continuous inhaled gentamicin therapy: n = 11.

Interventions Group 1: HS 6% 10 mL.

Group 2: rhDnase 2.5 mg 2x daily.

Both trial drugs were delivered by a Pari LC Plus nebulizer with a Proneb® compressor, by a mouth-
piece. The first inhalation was done in the hospital, for technique supervision, checking of immediate
side effects, post-medication PFT and measurement of nebulization time.

Salbutamol (400 mcg) was given prior to inhalation, twice daily, in both arms of the trial. All the other
treatment for CF was unchanged. While in the rhDnase arm of the trial the participant was asked to do
a normal saline nebulization (5 mL) at another time during the day.

Outcomes Change in FEV1, sputum culture bacterial growth, invitro studies of mucus, symptom score, satisfaction

with treatment.

Notes Abstract only, but some additional information from authors.

No sample size calculation stated.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk No detail provided in abstract, but additional information from authors con-
firmed use of a random numbers table.

Allocation concealment
(selection bias)

Low risk No detail provided in abstract, but additional information from authors con-
firmed that for each potential participant the selected sequence of treatment
was defined and written in a piece of paper which was then put into numbered
envelopes that were kept in the hospital pharmacy.

After participants were recruited and informed consent obtained the first en-
velope was opened and read to see the allocated treatment.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Double blind, participant blinding was attempted by masking the taste of the
solutions with quinine sulphate but additional info states "as participants
were well aware of the medication flavour of HS this could not be masked".

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not discussed.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Did not report withdrawals. Additional data provided stated that 1 participant
(not included in the analysis) had to stop treatment with HS due to severe dys-
pnoea during its nebulization.

Selective reporting (re-
porting bias)

Unclear risk Abstract only.

Adde 2004  (Continued)
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Other bias Low risk 2-week washout period in between treatment arms.

No sample size calculation stated.

Adde 2004  (Continued)

 
 

Methods Randomised trial.

Design: cross-over trial with 4 weeks treatment in each arm and 4-week washout period.

Location: Canada (multicentre).

Participants Total participants: n = 20 randomised, 1 excluded from analysis. 7 males and 12 females.

CF diagnosis ?

Mean (SD) age at baseline = 10.6 (3.1) years.

Baseline characteristics

Pseudomonas aeruginosa +ve: n = 7
BMI: mean (SD) 17.0 (3.0)
Pancreatic insufficient: 84%
DF508/DF508: 42%
DF508 compound heterozygous: 21%
Lung function:

• FVC % predicted: mean (SD) 101 (11.3), range (81 to 121)

• FEV1 % predicted: mean (SD) 96 (12), range(80 to 118)

• FEF25-75% predicted: mean (SD) 84 (24), range (53 to 120

Interventions Group 1: 4 mL HS 7% 2x daily.

Group 2: 4 mL IS 0.9% 2x daily.

The solutions were administered using the PARI LC Star nebulizer. 2x 100 mg puLs of salbutamol (Ven-
tolin) were administered before each inhalation of study solution using a holding chamber.

Outcomes LCI, CFQ-R. FEV1, FVC, FEF 25-75.

Notes Investigators calculated the sample size required for testing using HS as the main exposure variable
and the LCI as the primary outcome variable.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Concealed computer-generated randomisation.

Allocation concealment
(selection bias)

Low risk Randomisation concealed as performed by a research pharmacist not other-
wise involved in the trial.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk The solutions were indistinguishable from each other in appearance but par-
ticipants could discern a difference in taste between solutions. High risk with
this cross-over design.

Amin 2010 
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Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Blinding of researchers.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 20 recruited, details of missing data for 3 participants described (as follows),
complete cross-over data were therefore available for 17 participants.

• The LCI results of 1 participant failed to meet the quality control criteria for
all 4 trial visits and were therefore excluded from the analysis.

• 1 participant receiving IS withdrew from the trial after completion of the ini-
tial 4-week trial period because of difficulties complying with the trial proto-
col.

• 1 participant had uninterpretable LCI data at visit 2.

Selective reporting (re-
porting bias)

Low risk All outcomes stated in the 'Methods' section reported in the 'Results' section.

Other bias Low risk 4-week washout period.
Investigators calculated the sample size.

Amin 2010  (Continued)

 
 

Methods Randomised controlled trial.

Design: cross-over with 2 treatment periods of 3 weeks each and a washout period of 3 weeks in be-
tween.

Location: Germany.

Participants Total participants: n = 14, 8 males and 6 females.
FEV1 % predicted had to be greater than 40%.

Baseline characteristics:

FEV1 % predicted: mean (SD) 75.6% (14%).

Pseudomonas aeruginosa:

• chronic colonisation: n = 9

• free: n = 3

• intermittent: n = 2

Interventions Pre-treated salbutamol 200 mcg MDI inhaled (2 puLs).
Group 1: 10 mL HS 5.85% 2x daily.

Group 2: 2 mL Pulmozyme 2.5 mg 2x daily.

Routine medication not altered during trial.

Outcomes Change in FEV1 as a % of predicted, nebulisation time, comparison of cost (in Deutschmarks), prefer-

ence.

Notes There was a 3-week washout between interventions.

No sample size calculation stated.

Risk of bias

Ballmann 1998 
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Participants randomised into groups of 4 and drew lots to start with HS or rhD-
Nase.

Allocation concealment
(selection bias)

Unclear risk No details provided as to how lots concealed allocation.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Taste of HS and difference in volume made blinding not possible.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not discussed.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk No information provided whether an ITT was used.

Selective reporting (re-
porting bias)

Low risk All outcomes stated in the 'Methods' section reported in the 'Results' section.

Other bias Low risk Washout period of 3 weeks.
No sample size calculation stated.

Ballmann 1998  (Continued)

 
 

Methods Randomised placebo-controlled trial.

Design: parallel.

Location: Italy.

Participants Total participants: n = 25.

Treatment group: n = 12.

Placebo group: n = 13.

Baseline characteristics: stable disease.

Interventions Group 1: HS 7%.

Group 2: IS 0.09%.

Frequency of nebulization not stated.

Outcomes Change in lung function and exhaled nitric oxide measures, cough, sputum production.

Measurements at baseline and 2 weeks.

Notes Abstract only.

No sample size calculation stated.

Cardinale 2003 
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No detail provided.

Allocation concealment
(selection bias)

Unclear risk No detail provided.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk No detail provided.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk No detail provided.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Cardinale stated that no adverse events were reported with HS, but no infor-
mation given for IS group.

Selective reporting (re-
porting bias)

Unclear risk Abstract only, no detail provided.

Other bias Unclear risk No sample size calculation stated.

Cardinale 2003  (Continued)

 
 

Methods Randomised trial.

Design: cross-over with 3 arms.

Participants Total participants: n = 15.

Groups stratified according to FEV1 (over 70% and 40% - 70%).

Interventions Group 1: IS.

Group 2: HS 3.5%.

Group 3: hypotonic saline.

Outcomes Change in FEV1 % predicted, nebulisation.

Notes Abstract only.

No sample size calculation stated.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No detail provided.

Chadwick 1997 
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Allocation concealment
(selection bias)

Unclear risk No detail provided.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Stated as single blind, possibly assessors who were blinded due to difficulties
in masking taste of intervention, but not clear.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Stated as single blind, possibly assessors who were blinded due to difficulties
in masking taste of intervention, but not clear.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk No description of any dropouts given.

Selective reporting (re-
porting bias)

Unclear risk Abstract only, no detail provided.

Other bias Unclear risk No sample size calculation stated. No washout period stated.

Chadwick 1997  (Continued)

 
 

Methods Randomised controlled trial.

Design: parallel.

Duration: 3-day study which began towards the end of hospitalisation for an exacerbation (approxi-
mately 14 days) with follow up for 1 year. If readmission within that year, participant invited to repeat 3-
day study.

Location: Australian multicentre trial.

Participants 132 adults with CF admitted to hospital with a respiratory exacerbation.

Age: mean (SD) 28 (9) years.

49% were female.

FEV1 % predicted: mean (SD) 48 (20)%.

Interventions Group 1: 3x daily nebulisation of 4 mL HS 7%.

Group 2: IS 0.12% (taste-masked).

Interventions given immediately before or during physiotherapy.

Outcomes Length of hospital stay, lung function, oxygenation, bacterial load, symptom scores, QoL, exercise tol-
erance, time to relapse.

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Dentice 2016 
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Random sequence genera-
tion (selection bias)

High risk Done sequentially upon admission.

Allocation concealment
(selection bias)

High risk Allocation was sequential.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Taste of intervention and control masked by quinine.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Investigators blinded to intervention.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No drop outs.

Selective reporting (re-
porting bias)

Low risk All outcomes reported.

Other bias Low risk None apparent.

Dentice 2016  (Continued)

 
 

Methods Randomised, double-blind trial.

Design: parallel.

Location: 16 adult or paediatric hospitals in Australia.

Duration: 48-weeks.

The trial was conducted between September 2000 and November 2003.

Participants Total participants: n = 164, 93 males and 71 females.

Age: over 6 years.

HS Group (n = 83)

Mean (SD) age: 18.4 (9.3) years.

Gender split: females 46%.

BMI mean (SD): 19.9 (3.9).

Lung function (mean (SD))

• FEV1: 73 (21) range (40 – 132)

• FVC: 85 (18) range (45 - 127)

• FEF25-75: 56 (34) range (11 - 155)

Sputum: Pseudomonas aeruginosa: 79%; Staphylococcus aureus: 44%.

Control Group (n = 81)

Mean (SD) age: 18.7 (9.2) years

Elkins 2006a 
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Gender split: females 42%

BMI mean (SD): 20.1 (3.6)

Lung function (mean (SD))

• FEV1: 76(21), range (40 – 127)

• FVC: 88 (18) range (44 - 137)

• FEF25-75: 61 (35) range (10 - 151)

Sputum: Pseudomonas aeruginosa: 78%; Staphylococcus aureus: 47%.

Interventions Group 1: 4 mL HS 7% 2x daily.

Group 2: 4 mL IS 0.09% 2x daily.

Solutions were prepared by Pfizer, quinine sulphate (0.25 mg per mL) was added as a taste-masking
agent.
Solutions were nebulized with a Pari LC PLUS jet nebulizer and a Pari Proneb Turbo compressor.

A bronchodilator was administered before each inhalation of the trial solution. All other standard care
was maintained throughout the trial.

Outcomes Mean change in FEV1 and FVC at 4, 12, 36 and 48 weeks. QOL and pulmonary exacerbations.

Notes Sample size calculation undertaken.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Concealed computer randomisation with minimisation algorithm to balance
for age, FEV1 and long-term treatment with rhDNase, use of physiotherapy and

trial centre.

Allocation concealment
(selection bias)

Low risk Randomisation performed by a person not otherwise involved in the trial.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Double blind, participant blinding was achieved by masking the taste of the
solutions with quinine sulphate. Participants and their clinicians, remained
unaware of the treatment assignments throughout the trial.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk The research assistants and the trial coordinator remained unaware of the
treatment assignments throughout the trial.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 2 participants (1 from each group) withdrew voluntarily after randomisation
and before first dose.

82 in HS group and 80 in control group included in ITT analysis.

Withdrawals described as follows:

HS Group: 15 in total withdrawn: 7 lost to follow-up (2 owing to time con-
straints; 2 owing to insufficient perceived benefit from trial solution; 2 ow-
ing to adverse reaction to trial solution (cough); 1 provided no reason) and 8
stopped inhalations but continued visits (4 had adverse reaction to trial solu-
tion; 1 had cough and vomiting; 1 had pharyngitis and wheezing; 1 had voice
changes; 1 had chest tightness; 2 could not tolerate taste of trial solution; 1
had insufficient benefit from trial solution; 1 lost interest).

Elkins 2006a  (Continued)
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Control Group: 17 in total withdrawn: 10 Lost to follow-up (5 owing to time
constraints; 3 owing to insufficient perceived benefit from trial solution; 1
failed to attend; 1 provided no reason) and 7 stopped inhalations but contin-
ued visits (3 owing to time constraints; 2 had adverse reaction to trial solution
(tonsillitis in 1 and lethargy in 1); 1 had insufficient benefit from trial solution; 1
provided no reason.

Selective reporting (re-
porting bias)

Low risk All outcomes stated in the methods were described in the results.

Other bias Low risk Sample size calculation undertaken, no other potential bias identified.

Elkins 2006a  (Continued)

 
 

Methods Open-label, randomised trial.

Design: parallel.

Duration: 2 weeks.

Location: 2 centres in Australia (one children's hospital and one adult unit).

Participants Total participants: n = 58 randomised, 6 withdrew during trial.

Inclusion criteria
Diagnosis of CF with positive sweat chloride test.
Able to do pulmonary function tests.
Cough and daily sputum production.
Regular chest physiotherapy at home.
Reasonable distance from clinic.
On stable medications regime for last 14 days.

Exclusion criteria
> 20% fall in FEV1 at baseline assessment.

Exacerbation of CF in last 4 weeks requiring admission to hospital.
Exacerbation requiring admission to hospital during trial period.

HS Group (n = 27).
Gender split: 18 males, 9 females.
Mean (range) age: 16.1 (7 to 25) years.

Height (mean (SD)): 155 (17.7) cm.

Weight (mean (SD)): 47 (14.5) kg.

FEV1 % predicted (mean (SD)): 50.0 (9.7).

FVC % predicted (mean (SD)): 73.5 (15.9).

IS Group (n = 25).
Gender split: 13 males, 12 females.

Mean (range) age: 16.7 (8 to 36) years.

Height (mean (SD)): 150 (19.6) cm.

Weight (mean (SD)): 43 (16.2) kg.

FEV1 % predicted (mean (SD)): 53.7 (7.8).

Eng 1996 
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FVC % predicted (mean (SD)):77.2 (9.8).

Interventions Pre-treated salbutamol 600 mcg MDI and volumatic spacer device.
Group 1: 10 mL HS 6% 2x daily.

Group 2: 10 mL IS 2x daily.

Inhaled using ultrasonic nebuliser (Omron NE-U 07). First and last inhalations administered in clinic un-
der a doctor's supervision.

Outcomes Mean change in FEV1 at 2 weeks; mean change FVC at 2 weeks; VAS for cleared chest at 1 and 2 weeks;

VAS for dyspnoea, fatigue, appetite, exercise tolerance, quality of sleep, general well-being; adverse ef-
fects (increased cough, haemoptysis, chest tightness and pharyngitis).

Notes Sample size calculation undertaken.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Random number tables used.

Allocation concealment
(selection bias)

Unclear risk No detail provided.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Open label, participants not told which group they were in, but not able to dis-
guise trial drug due to salty taste.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Technician measuring lung function was blinded to treatment assignment.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 6 participants withdrew in total (3 from each group) due to: non-compliance
with clinic visit (1 in IS group); exacerbation of respiratory infection requiring
hospital admission (2 IS group, 1 HS group); irritating cough during inhalation
(1 HS group); increased haemoptysis which occurred 3 hours after first treat-
ment (1 HS group).

No specific mention of whether an ITT analysis had been performed.

Selective reporting (re-
porting bias)

Low risk All outcomes stated in the methods were described in the results.

Other bias Low risk Sample size calculation undertaken, no other bias identified.

Eng 1996  (Continued)

 
 

Methods Randomised double-blind trial.

Design: cross-over.

Duration: single dose of each treatment, washout period not stated.

Location: USA (single centre).

Laube 2009 
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Participants Total participants: n = 12.

Age: median (range) 10.5 (8.9 - 12.4) years, 5 males.

Normal pulmonary function (FEV1 and FVC > 90% of predicted values).

Interventions Group 1: HS 7%.

Group 2: 0.12% saline.

Treatment followed by radio-labelled isotopes.

Outcomes Mucociliary clearance at 20, 60 and 90 minutes and 24 hours.

Notes Mearsurements of MMC following inhalation of 0.12% saline were compared to 9 healthy adult controls.
Abstract only.

No sample size calculation stated.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk The method of randomisation is not stated.

Allocation concealment
(selection bias)

Unclear risk Not stated in methods.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk No attempt was made to blind to taste of the solution.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not stated in methods.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Low risk as dropouts were replaced.

Selective reporting (re-
porting bias)

Low risk All reported outcomes were given.

Other bias Low risk Sample size was estimated from data based on adolescents

Laube 2009  (Continued)

 
 

Methods Double-blind randomised controlled trial.

Design: cross-over design.

Duration: 1st arm of 28 days followed by a 28-day washout period and then alternative treatment for 28
days.

Location: multicentre in Germany.

Mainz 2015 
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Participants 69 people with CF.

Interventions Group 1: HS 6% via PariSinusTM.

Group 2: IS via PariSinusTM.

Outcomes Primary outcome: Sinonasal outcome test (SNOT-20) upper airway symptoms/disease-specific QoL.

Secondary outcomes: rhinoscopy, rhinomanometry, cytokines in nasal lavage.

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Stated but not defined.

Allocation concealment
(selection bias)

Unclear risk This was stated but not described.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk No attempt was made to blind the hypertonic saline solution taste.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Stated but not described in detail.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All drop outs clearly defined.

Selective reporting (re-
porting bias)

Low risk All outcomes that were stated were described.

Other bias Low risk No other major source of bias detected.

Mainz 2015  (Continued)

 
 

Methods Randomised controlled trial.

Design: cross-over.

Duration: first treatment on day 1, alternative treatment on second day.

Location: single centre in Australia.

Participants Total participants: n = 10, 3 males and 7 females.
Age: mean (range) 16.5 (13 - 20) years.

Severity of lung disease:

• FEV1 as % predicted median (range): 53.5 (41 - 73);

• FVC % predicted median (range): 72 (15 - 85).

Riedler 1996 
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Participants were recruited as they were admitted with exacerbations of their lung disease with cough
productive of tenacious sputum.

Interventions Pre-treated with 4 mL nebulised salbutamol 5 mg via jet nebuliser.
Group 1: HS 6%.

Group 2: IS.
Single treatment via ultrasonic nebuliser (Timeter Compuneb MP500) for 10 min.

Outcomes Sputum weight, VAS to assess feeling of cleared chest, spirometry (FEV1, FVC, FEF25-75, PEF).

Notes 7 participants were treated for a second block of treatment, but it was not defined who these were.

Sputum expectoration and score changes not distributed normally.

No sample size calculation stated.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Assigned by coin toss.

Allocation concealment
(selection bias)

Low risk Each participant assigned by coin toss to order of treatment - no one could
foresee allocation.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Single blinded, taste could be discerned by participants.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Single blinded, possibly assessors who were blinded due to difficulties in
masking taste of intervention, but not clear.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Did not discuss whether an intention-to-treat approach had been used and
there was no description of withdrawals.

Selective reporting (re-
porting bias)

Low risk All outcomes stated in the methods were described in the results.

Other bias Unclear risk No washout period. No sample size calculation stated.

Riedler 1996  (Continued)

 
 

Methods Randomised controlled trial.

Design: cross-over trial with the order of the 4 interventions being randomised. The last 9 participants
underwent a cough study day, this was not included on the randomisation order and was always per-
formed on the last day.

Duration: single dose of each intervention, study days generally a week apart.

Location: Australia.

Participants Total participants: n = 12, 9 males and 3 females.

Robinson 1996 
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Age mean (SEM) (range): 21.9 (3.0) (18 - 28) years.

Height mean (SEM): 173.4 (11.6) cm.

Weight mean (SEM): 64.7 (11.3) kg.

Stable disease.

Interventions Pre-treated with nebulised salbutamol 5 mg in 2.5 mL saline via ultrasonic nebuliser (Omron NE-U06).
Single inhalations of:

Group 1: 7 mL HS 7%.
Group 2: 7 mL amiloride 3 mg/mL.
Group 3: 7 mL HS plus 7 mL amiloride 3 mg/mL.
Group 4: 7 mL IS 0.9%.
Voluntary cough single episode. All done 1 week apart (control group 2).

Outcomes Sputum isotope clearance 60 minutes, mucociliary clearance rate, change in FEV1.

Notes Participants acted as own controls.
Spirometry measures were taken immediately after inhalation and are not a long-term outcome mea-
sure.

Paper reported lung function (mean values for all trial days):

• FEV1 % predicted mean (SEM) (range): 60.8 (29.7) (27 - 112);

• FVC % predicted mean (SEM) (range): 77.4 (22.4) (44 - 118);

• FEF25-75 % predicted mean (SEM) (range): 41.1 (37.5) (9 - 104).

No sample size calculation stated.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No details provided.

Allocation concealment
(selection bias)

Unclear risk No details provided.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Participants and all but 1 of investigators blinded to solutions, but participants
may have been able to discern taste of intervention and work out the longer
nebulization times for the combination of amiloride and HS (although none
made reference to this).

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk All but 1 of investigators blinded to solutions, but not clear which of investiga-
tors knew and whether they were assessing outcomes.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No withdrawals or dropouts.

Selective reporting (re-
porting bias)

Low risk All outcomes stated in the methods were described in the results.

Other bias High risk Washout period not clear. No sample size calculation stated. The time course
of the effect of the interventions on the outcomes is not clear.

Robinson 1996  (Continued)
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Methods Randomised controlled trial.

Design: cross-over with 4 arms (no information on any washout period).

Duration: each intervention given on 1 study day.

Location: Australia.

Participants Total participants: n = 10, 7 males and 3 females.

Age mean (SD) (range): 22.1 (3.8) (19 - 28) years.

FEV1 % predicted mean (SD) (range): 52.0% (6.7) (31 - 84%).

All participants were chronically colonisedPseudomonas aeruginosa. In addition, 5 of the participants
had Staphylococcus aureus.

Participants in a stable clinical condition and baseline medications were not altered throughout the tri-
al period.

Interventions Pre-treated with nebulised salbutamol 5 mg in 2.5 mL saline via an ultrasonic nebuliser.

Group 1: HS 3% single dose.
Group 2: HS 7% single dose.
Group 3: HS 12% single dose.
Group 4: Voluntary cough and IS combined as the control.
Each participant took part in each arm.

Outcomes Sputum isotope % clearance at 30 minutes, sputum isotope clearance at 90 minutes, mucociliary clear-
ance.

Notes No sample size calculation stated.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No detail provided.

Allocation concealment
(selection bias)

High risk There was no random allocation to treatment.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Participants could discern taste for intervention.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not discussed.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk No discussion of whether an intention-to-treat analysis had been used or of
any withdrawals.

Selective reporting (re-
porting bias)

Low risk All outcomes stated in the methods were described in the results.

Robinson 1997 
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Other bias High risk Washout period not clear. No sample size calculation stated. The time course
of the effect of the interventions on the outcomes is not clear.

Robinson 1997  (Continued)

 
 

Methods Randomised controlled trial.

Design: 4-way cross-over trial (no information on any washout period).

Duration: single day for each intervention.

Participants were initially randomised to receive either the mannitol or HS. On the second day they
were randomised to either the remaining active or the control for the first day. On the third day they
were randomised to receive either the remaining active or either of the controls. The final day was the
remaining control.

Location: Australia.

Participants Total participants: n = 12, 5 males and 7 females.
Age mean (SD) (range): 29.9 (9.4) (16 - 46) years.

BMI mean (SD) (range): 21.0.(1.8) (18 - 24).

10/12 participants were colonised with Pseudomonas aeruginosa, 7/12 had Stapylocococcus aureus (in-
cluding the 2 participants without Pseudomonas aeruginosa) and 4/12 had Aspergillus fumigatus.

Interventions Pre-treated with terbutaline 1000 mcg (turbulhaler).
Group 1: single dose 7 mL HS 6%.
Group 2: IS (0.9%) plus matched voluntary cough.
Group 3: mannitol 300 mg (encapsulated dry powder).
Group 4: empty capsules with matched voluntary coughs.

Outcomes Sputum isotope % clearance at 30 minutes, sputum isotope clearance at 90 minutes, mucociliary clear-
ance.

Notes Isotope clearance was reported in this paper as occurring at 60 minutes. This is actually the same time
period as the 90-minute clearance reported in 1997 paper. The terminology had been changed.

Lung function data are the mean values for all trial days:

FEV1 % predicted mean (SD) (range): 60.2.(16.5) (42 - 87).

FVC % predicted mean (SD) (range): 78.8.(16.5) (47 - 102).

FEF25-75 % predicted mean (SD) (range): 32.5.(21.1) (11 - 77).

No sample size calculation stated.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No detail provided.

Allocation concealment
(selection bias)

Unclear risk The allocation concealment process was not described.

Robinson 1999 
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Participants could discern taste.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk The trials were coded such that the investigators were blinded to the identity
of the intervention at the time of data analysis.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk No discussion of whether an ITT analysis had been used or of any withdrawals.

Selective reporting (re-
porting bias)

Low risk All outcomes stated in the methods were described in the results.

Other bias Unclear risk Washout period not clear. No sample size calculation stated. The time course
of the effect of the interventions on the outcomes is not clear.

Robinson 1999  (Continued)

 
 

Methods Double-blind randomised controlled trial.

Design: parallel.

Duration: 48 weeks.

Location: 30 centres in USA and Canada.

Participants Total participants: n = 321 (176 males, 145 females) aged 4 - 60 months with an established diagnosis of
CF (details of diagnosis given in supplementary paper).

Age (mean (SD)): HS group 2.2 (1.4) years; control group 2.3 (1.5) years.

Gender split: HS group 84 males (53%); control group 92 males (56%).

Weight, mean (SD) kg; HS group 12.2 (4.1) kg; control group 12.5 (4.1) kg.
Weight percentile, mean (SD): HS group 39.7 (28.1); control group 43.0 (29.1).

Height, mean (SD) cm: HS group 84.8 (14.8) cm; control group 85.7 (15.0) cm.
Height percentile, mean (SD): HS group 36.9 (27.0); control group 39.9 (28.1).

Positive respiratory culture (Pseudomonas aeruginosa isolated from respiratory culture at or at any
time prior to randomisation. For other organisms, positive culture at or within 24 months prior to ran-
domisation):

• Pseudomonas aeruginosa: HS group 60 (38.0%); control group 69 (42.3%);

• Staphylococcus aureus: HS group 98 (62.0%); control group 124 (76.1%);

• MRSA: HS group 5 (3.2%); control group 11 (6.8%);

• Stenotrophomonas maltophilia: 25 (15.8%); 35 (21.5%);

• Achromobacter xylosoxidans: HS group 4 (2.5%); control group 3 (1.8%).

Interventions Pre-treatment: all participants received albuterol or levalbuterol prior to each trial drug dose - 2 puLs
via metered dose inhaler via a valved holding chamber with face mask or by nebulizer (distinct from the
nebulizer used to administer the trial drug) and PARI Proneb® Ultra compressor.

Group 1 (n = 158): HS 7% 2x daily.

Rosenfeld 2012 
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Group 2 (n = 163): IS 0.9% 2x daily.

Both treatments administered via Proneb Ultra compressor with a Sprint Jr nebulizer equipped with
a Baby face mask or mouthpiece - participants under 36 months used a facemask and those over 36
months used a mouthpiece, but this was individualized as developmentally appropriate.

Outcomes Pulmonary exacerbation rate (events per person-year; defined as treatment with oral, inhaled, or intra-
venous antibiotics for 1 or more prespecified signs and symptoms).

Number of treatment days and number of courses of antibiotics.

Time to first exacerbation.

Lung function (FEV 0.5, FEF 75, FEF25-75, FRC, RV/TLC).

CFQ-R - Parent and reported.

Change in height and weight.

Change in resting respiratory rate, pulse oximetry and parent-reported cough.

Rate of intolerance to the test dose of hypertonic saline at enrolment.

Adverse events and withdrawal rates.

Treatment-emergent respiratory cultures positive for CF pathogens detected through clinical cultures
performed at each site’s microbiology laboratory.

Adherence to treatment was assessed by (1) the number of used drug vials returned, (2) the Treatment
Adherence Questionnaire completed quarterly, and (3) the weekly parent questionnaire.

Notes Clinicaltrials.gov Identifier: NCT00709280.

Trial visits occurred at enrolment/randomization and 4, 12, 24, 36, and 48 weeks after randomization.
At the enrolment visit, after pre-treatment with albuterol or levalbuterol, all participants were evaluat-
ed for intolerance to a test dose of 7% hypertonic saline according to predefined criteria. Participants
who tolerated the test dose were randomized.

Sample size calculation was undertaken.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Participants were randomised 1:1 based on random permuted blocks, strati-
fied by age and site (4 to 29 months, 30 to 60 months) via a secure website.

Allocation concealment
(selection bias)

Low risk Randomisation was done via a secure website.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk HS (Hyper-Sal; PARI Respiratory Equipment) and 0.9% IS supplied by Catal-
ent Pharma Solutions as identically packaged 4-mL blow-fill-seal plastic am-
poules, but taste could be discerned as different.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Researchers blinded.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk ITT analysis of 158 in HS group and 163 in control group. Details of with-
drawals given as follows:

Rosenfeld 2012  (Continued)
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HS group: 15 withdrew in total (follow-up range, 2 - 44 weeks): 5 lost to fol-
low-up; 4 treatment burden; 2 intolerant to trial drug; 1 time constraints; 3
other.

Control group: 14 withdrew in total (follow-up range, 0 - 42 weeks): 2 lost to
follow-up; 3 treatment burden; 2 insufficient perceived benefit from trial drug;
1 intolerant to trial drug; 1 time constraints; 1 other adverse event; 4 other.

Selective reporting (re-
porting bias)

Low risk All outcomes stated in the methods were described in the results.

Other bias Low risk Sample size calculation was done. No other bias identified

Rosenfeld 2012  (Continued)

 
 

Methods Prospective open-label randomised controlled trial.

Design: cross-over with 3 treatment arms.

48 children were randomised, 8 to each of the 6 possible treatment orders.

Duration: each arm lasted 12 weeks with a 2-week washout period between treatments.

Location: multicentre in UK (2 institutions).

Participants Total participants recruited: n = 48, but 1 withdrew without commencing treatment, so trial population
is 47.
Age (mean (SD)): 12.6 (2.8) years, range (7.3 - 17 years).

Gender split: 19 (40%) males; 28 (60%) females.

Weight (mean (SD)): 40·0 (12·6) kg, range (18·8 - 77).

Spirometry:

• FEV1 (L) (mean (SD)): 1·18 (0·47), range (0·44 - 2·34);

• FEV1 (% predicted) (mean (SD)): 48% (15), range (14 - 77);

• FVC (% predicted) (mean (SD)): 68% (22), range (20 - 112).

Lung microbiology (number of children with 3 positive cultures of the organism in the previous year):

• Pseudomonas aeruginosa: 22 (48%);

• Staphylococcus aureus: 18 (39%);

• Stenotrophomonas maltophilia: 1 (2%).

Interventions Pre-treated with bronchodilators. All treatments were administered with a Sidestream nebuliser and
Porta-Neb compressor (Medic-Aid, Bognor Regis, UK).

Group 1: 5 mL HS 7% 2x daily immediately before the participant's regular physiotherapy session.

Group 2: rhDNase 2.5 mg 1x daily at least 1 hour before physiotherapy.

Group 3: 2.5 mg alternate daily at least 1 hour before physiotherapy.

Routine medication and physiotherapy were continued throughout the trial.

Outcomes Primary outcome: % change in FEV1 from baseline.

Secondary outcomes: FVC; number of pulmonary exacerbations (defined as a previously outlined pro-
tocol for respiratory-tract infections); weight gain; exercise tolerance (3-min step test and oxygen sat-

Suri 2001 
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uration monitored); QoL (quality of well-being scale self-administered form 1·04, filled out by the par-
ticipant and guardian together); total health-care cost (hospital and community-health-service per-
spective, so participants' costs excluded from analysis; resources included covered hospital admissions
(inpatient, outpatient, and day case), radiological investigations, blood tests, drug use, and the use of
community services (visits to general practitioners, district nurses, and physiotherapists)); adherence
(count of unused bottles of HS and empty vials of rhDNase; each participant was also given a diary to
record the treatment doses taken).

Notes Sample size calculation undertaken.

Before starting the hypertonic-saline treatment period, each participant received a test dose of HS in
hospital so that he or she could be monitored for bronchoconstriction.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Telephone randomisation to an independent trials coordinating unit, stratified
by hospital and balanced after each group of 12 children.

Allocation concealment
(selection bias)

Low risk Telephone randomisation to an independent trials coordinating unit,

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk No attempt to conceal taste, paper states masking impossible because HS can
easily be distinguished from rhDNase by its salty taste and timing in relation to
physiotherapy.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk No statement on blinding of outcome assessors.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk An ITT approach was used within this trial, 43 children are included in the com-
parison of daily and alternate-day rhDNase, and 40 in the comparison of daily
rhDNase and hypertonic saline. Details of withdrawals as follows:

• 1 girl withdrew almost immediately after randomisation without starting the
first treatment due to illness;

• 8 children were unable to complete all 3 treatment periods;

• 4 participants had severe declines in their pulmonary status and required
long courses of intravenous antibiotics (2 of them were taking alternate-day
rhDNase, 1 HS, and the other daily rhDNase).

In the additional report of airway inflammatory changes following treatment,
only 28 of the 48 participants were able to perform induced sputum and be in-
cluded.

It is not evident that any attempts were made to adjust for missing data from
those participants unable to do induced sputum.

Selective reporting (re-
porting bias)

Low risk All outcomes stated in the methods were described in the results.

Other bias Low risk We judged a 2-week washout period to be low risk. Sample size calculation un-
dertaken.

Suri 2001  (Continued)
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Methods Double-blind randomised controlled trial.

Design: cross-over with 2 arms.

Duration: 2-month baseline periods preceding and following 2x 8-week treatment periods.

Location: UK.

Participants Total participants recruited: n = 29. Diagnosis was confirmed in all by history, examination, and a sweat
test. 27 (13 males, 14 females) completed the trial aged 6 to 15 years (mean 10.7 years); of these 27 par-
ticipants, 22 were chronic sputum producers.

Baseline characteristics

Age (mean (SD)); sputum producers 10.9 (2.1) years, range (6.5 - 15); sputum non-producers 9.8 (2.8)
years range (6.1 - 12.25).

FVC (% predicted) (mean (SD)): sputum producers 76% (15.9), range (38 - 101); sputum non-producers
88% (10.1), range (76 - 104).

PEFR (% predicted) (mean (SD)): sputum producers 80% (21.5), range (27 - 113); sputum non-producers
96% (11.6), range (78 - 107).

Interventions No reported pre-treatment.

Group 1: 3 mL sodium-2-mercaptoethane sulphonate (Mistabron) 20% 2x daily after physiotherapy.

Group 2: 3 mL HS 7% 2x daily after physiotherapy.

Inhalations via a Wright nebuliser operated by an air compressor (Aerolyser Electric Inhaler, Aerosol
Products (Colchester) Ltd) producing a flow of 8 L/min.

Outcomes PEFR, FVC, V max 50% VC, RV/TLC.

Diary card to record sputum volume, sputum colour, and cough frequency.
At monthly clinic visits: sputum cultures, pulmonary function tests (PEFR, FVC, Vmax50%VC, RV/TLC).

At beginning and end of trial: chest radiographs (Chrispin Norman score), full blood count, liver func-
tion tests and plasma electrolytes including creatinine.

Notes Participants were divided into sputum producers and non-sputum producers.

Sample size calculation not undertaken.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Stated that order of treatment was randomised, but no details given as to ran-
domisation process.

Allocation concealment
(selection bias)

Unclear risk No detail provided.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Described as double-blind, but participants could discern difference in taste of
interventions.

Blinding of outcome as-
sessment (detection bias) 

Unclear risk Described as double-blind, but not clear whether outcome assessors were one
of the parties blinded.

Weller 1980 
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All outcomes

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Clear description of dropouts and withdrawals (see below) but it was not stat-
ed if an ITT analysis had been performed.

2 participants withdrawn from trial:

• 1 due to an acute exacerbation during the second treatment period (saline
inhalations) for which she received other inhalational treatment (antibiotics
and bronchodilators);

• 1 did not take her inhalations correctly and was admitted to hospital early
in the trial, during saline therapy, both for more intensive medical treatment
and for psychiatric reasons (also received other inhalational treatment).

Selective reporting (re-
porting bias)

Low risk All outcomes stated in the methods were described in the results.

Other bias Low risk Washout period: 2-month baseline periods preceding and following 2x 8-week
treatment periods. Sample size calculation not undertaken.

Weller 1980  (Continued)

CF: cystic fibrosis
FEV1: forced expiratory volume at one second

FVC: forced vital capacity
HA: hyaluronic acid
HS: hypertonic saline
IS: isotonic saline
ITT: intention-to-treat
LCI: lung clearance index
MDI: metered dose inhaler
PEFR: peak expiratory flow rate
QOL: quality of life
rhDNase: deoxyribonuclease
RV: residual volume
SEM: standard error of the mean
TLC: total lung capacity
VAS: visual analogue scale
VC: vital capacity
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Brivio 2016 Comparison of HS to HS plus HA (no control without HS).

Buonpensiero 2010 Comparison of HS to HS plus HA (no control without HS)

DeCono 2008 Not randomised.

Dentice 2012 Did not compare HS to a control group. Instead the trial sought out the optimum timing of physio-
therapy to HS use, before, during or after.

Donaldson 2006 Did not compare to a control group that did not include HS, comparison of HS with or without pre-
treatment with amiloride.

Elkins 2006b Comparison of dose frequency of HS; all participants received HS, but randomised to 2 or 4 times
daily.
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Study Reason for exclusion

EUCTR2007-002707-40-BE Not randomised.

Genkova 1998 Did not compare to a control treatment; did not report any results.

Grasemann 2013 The trial did not include an arm with HS. It compared inhaled L-arginine with isotonic saline as a
control.

IRCT20180307038994N1 Not randomised.

King 1997 In vitro trial only.

Kobylyansky 2000 Trial was not performed in a CF population.

NCT01094704 Not randomised; reporting results at different time points after a single dose of HS.

O'Neill 2017 Comparison of timing of HS in reference to airway clearance. No comparator group that did not in-
clude HS.

Ros 2012 Comparison of 2 formulations of 7% HS, with or without HA.

San Miguel 2016 Comparison of 2 arms both using HS with and without physiotherapy interventions.

Van Ginderdeuren 2008 Did not compare HS to a control group. Instead the trial sought to evaluate the efficacy of an auto-
genic drainage treatment combined with HS.

Van Ginderdeuren 2011 Did not compare HS to a control group. Instead the trial sought to evaluate the efficacy of an auto-
genic drainage treatment combined with HS.

Vanlaethem 2008 Comparison of HS in conjunction with airway clearance techniques.

CF: cystic fibrosis
HA: hyaluronic acid
HS: hypertonic saline
 

Characteristics of studies awaiting assessment [ordered by study ID]

 

Methods RCT.

Cross-over design (1-week washout between treatments).

Duration: single inhalation of each treatment.

Multicentre (2 centres) in Canada.

Concealed, computer-generated randomisation performed by a research pharmacist not other-
wise involved in the study; clinicians and research personnel remained unaware of the treatment
assignments throughout the study, including the primary efficacy analysis. The solutions were in-
distinguishable from each other in appearance, but not in taste.

Sample size calculation was undertaken.

Participants Inclusion criteria: confirmed diagnosis of CF; informed consent and verbal assent (as appropri-
ate); at least 6 years of age at enrolment; able to perform reproducible spirometry meeting Ameri-
can Thoracic Society standards; pre-bronchodilator FEV1% predicted ≥ 40% predicted; able to per-

form reproducible LCI maneuvers at screening.

Amin 2016 
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Exclusion criteria: airway cultures yielding Burkholderia cepacia complex in the previous 2 years
or non-tuberculous mycobacteria in the past year; oral corticosteroid use; oxygen supplementa-
tion; lung transplantation; intravenous antibiotics or oral quinolones within 14 days of enrolment;
or investigational drugs within 30 days of enrolment. Participants who experienced a drop in FEV1
of 20% or more after study drug administration were also excluded from further study participa-
tion.

242 people with CF identified for the study (134 from St Michael's Hospital and 108 from the Hospi-
tal for Sick Children). 113 (47%) were excluded because they were currently using HS. 129 were ap-
proached of which 21 (16%) people consented and were enrolled in the trial.

21 participants randomised; 16 completed all of the time point measurements; 18 participants con-
tributed to the intention-to-treat analysis and 3 participants were excluded.

Age median (range): 140 (7 - 56) months.

Gender n (%): 11 (61.1%) females.

LCI median (range): 122 (6.5 - 21.1).

FEV1% predicted median (range): 86.9 (47.4 - 102.8).

FVC % predicted median (range): 97.9 (61.9 - 121.8).

FEF25-75% predicted median (range): 67.1 (19.5 - 99.2).

Delta F508 homozygous n (%): 16 (88.9%).

Pseudomonas aeruginosa positive sputum culture n (%): 17 (94.4%).

Interventions Intervention: single inhalation of 4 mL HS (7%).

Control: single inhalation of 4 mL IS (0.9%).

The solutions were administered using the PARI LC Star nebuliser (Pari, Midlothian, Virginia, USA).
2x 100 ug puLs of salbutamol were administered before each inhalation of study solution using a
holding chamber (Aerochamber Max, Trudell, London, Canada).

Outcomes MBW and spirometry were performed at each visit - at baseline, 1, 2, 4 and 24 h post inhalation.

Primary outcome

LCI change from baseline to 24 h post inhalation.

Secondary outcomes

LCI SF6 change from baseline to 24 h post inhalation.

Spirometry (FEV1, FEF25-75) change from baseline to 24 h post inhalation.

Changes in LCIN2, LCISF6 and spirometric outcomes over 24 h (i.e. slope analysis of all time points).

Adverse events.

Notes All tests were performed in the research pulmonary function laboratory at the Hospital for Sick
Children, Toronto Canada between April 2012 and September 2014.

The trial was stopped because of difficulty with recruitment.

Dr. Felix Ratjen has acted as a consultant for Novartis Pharmaceuticals.

Funding support as well as the hypertonic saline used in the study was provided by Novartis Phar-
maceuticals.

Amin 2016  (Continued)
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Methods Prospective, randomised, double-blind controlled trial.

Duration: 1 year.

Participants Children over 6 years of age with a diagnosis of CF made by 6 months of age.

19 participants randomised: 3 excluded, 9 participants in HS group, 7 participants in IS group.

Interventions Intervention: HS 3% plus 0.25 mg/kg salbutamol 2x daily.

Control: IS 0.9% plus 0.25 mg/kg salbutamol 2x daily.

Outcomes Primary outcome: maximal flow at functional residual capacity (change from baseline).

Secondary outcomes: pulmonary exacerbations, respiratory rate, nutritional status, adverse
events.

Notes  

Balinotti 2015 

 
 

Methods Controlled trial - randomisation not clear.

Participants Children with CF under 6 years.

Interventions Intervention: single inhalation of HS 7%.

Control: single inhalation of IS 0.9%.

Outcomes Change in LCI.

Notes To study the feasibility of using lung clearance index to assess treatment effect outcomes in CF tri-
als, especially in children under 6 years.

We are waiting for further data to judge whether this should be included.

Brown 2010 

 
 

Methods RCT.

Cross-over design with washout period (participants "discontinued use of HS for 72 h prior to each
study visit").

Duration: 2 overnight visits, 1 for each treatment arm

Location: USA.

Participants Inclusion criteria: adults with CF with FEV1 40% -110% of predicted and a BMI < 30kg/m2.

Exclusion criteria: currently experiencing an acute upper or lower respiratory tract infection or re-
quiring treatment with antibiotics or systemic corticosteroids within 28 days of enrolment (not in-
cluding normal maintenance antibiotics), diagnosis of sleep apnoea, symptoms of allergic rhinitis,
previous diagnosis of Burkholderia cepacia, smokers, or pregnant or nursing. All participants per-
formed a 30 min tolerance test of pulmosal inhalation from the tPAD device prior to the overnight

Corcoran 2017 
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visits and were excluded if they demonstrated a > 10% reduction from pre-dose value in FEV1, mea-

sured 30 min after completion.

12 participants included.

Age, mean (SD): 31.8 (9.7) years.

Gender: 8 males, 4 females.

Interventions Participants discontinued use of HS for 72 h prior to each visit. Long-acting beta agonists were halt-
ed for 12 h and short-acting beta agonists for 6 h prior. Inhaled antibiotics were allowed prior to, or
after tPAD use. The tPAD device includes a 2 LPM air pump, an Aeroneb ProNebulizer (Aerogen,Gal-
way, Ireland), a 250 mL liquid reservoir, a liquid collection chamber, and an integrated nebulization
chamber where the aerosol is combined with the flow from the air pump. It also includes electron-
ics allowing for timed device operation for up to 8 h. A system-specific nasal cannula is attached to
the integrated nebulization chamber and used to deliver the aerosol. For this trial the cannula was
secured to the participant using a Wisp nasal mask frame and headgear (Philips Respironics, Mur-
raysville, PA).

Overnight HS visit: inhaled HS* from the tPAD device from 11:30 pm to 7:30 am in the clinical re-
search unit; the tPAD was loaded with an initial HS dose of 240 mL and reloaded 5.5 h later with 60
- 80mL of HS.

Overnight sham visit: participants wore the cannula as they did during the HS visit and the tPAD
was powered on, but the nebuliser and the air pump were non-operational and no air flowed
through the cannula.

* Pulmosal 7% (pH+) sodium chloride inhalation solution was used for all trials except 1 where it
was not available. Pulmosal is sterile, non-pyrogenic, preservative-free, and balanced to a pH of
7.4. In participant 9 another 7% HS product for inhalation was used.

Outcomes Primary outcome: MCC.

Secondary outcomes: safety assessments, absorptive clearance, and change from baseline in Si-
no-Nasal Symptoms (SNOT-14) and modified Leeds Sleep Evaluation Questionnaires (mLSEQ).
Pulse oximetry was monitored throughout the night while the participants slept and the tPAD oper-
ated continuously.

Notes Participants who did not complete both nights were not included in the analysis and were replaced
until a total of 12 participants had completed both visits.

Corcoran 2017  (Continued)

 
 

Methods RCT.

Location: USA.

Duration: 4 weeks.

Participants Children with CF and stable lung disease (FEV1 > 60%) aged between 5 and 18 years.

24 screened, 23 randomised, 20 completed treatment and follow-up.

Interventions Intervention: HS 6% 3x daily via eFlow nebuliser.

Control: IS 0.12% 3x daily via eFlow nebuliser.

Outcomes Primary outcome

Mucociliary clearance.

Donaldson 2013 
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Secondary outcomes

Spirometry.

QoL (CFQ-R).

Notes We are waiting for further data to judge whether this trial should be included.

Donaldson 2013  (Continued)

 
 

Methods RCT.

Parallel design.

Duration: 16 weeks.

Location: Australia.

Sequence generation: random number generation with block allocation. Treatment allocation is
stratified for: age, gender, FEV1.

Allocation concealment: random allocation to 1 of 3 groups by the Trial Pharmacist at the trial co-
ordinating centre. Treatment allocation recorded at the Trial Pharmacy and the random allocation
lists, randomisation procedure and the unblinded treatment allocation is to be concealed from all
other trial staL and the participant.

Blinded.

Participants Inclusion criteria: informed consent, diagnosis of CF (positive sweat test or genotyping), best FEV1
in the previous six months > 20% of predicted normal value FEV1 > 85% of best in the previous 6

months, no non-routine antibiotics in the last 14 days, minimum age 6 years, both genders eligible.

Exclusion criteria: colonisation with Burkholderia cepacia, major haemoptysis within the last 12
months, pregnant or lactating females, investigational drugs within the last 30 days, previous lung
transplant, hypertonic saline within the last 14 days, inhaled mannitol within the last 14 days.

Interventions Intervention 1: 2x daily inhalation of 4 mL of nebulised 6% HS + 0.25 mg/mL quinine sulphate.

Intervention 2: 2x daily inhalation of 4 mL of nebulised 3% HS + 0.25 mg/mL quinine sulphate.

Control: 2x daily inhalation of 4 mL of nebulised 0.9% IS + 0.25mg/mL quinine sulphate.

Outcomes Primary outcome

Lung function as measured by the change in FEV1 % predicted (measured at baseline, Week 1,

Week 4, Week 8 and Week 16 (end of trial)).

Secondary outcomes

Lung function as measured by the change in FVC % predicted (measured at baseline, Week 1, Week
4, Week 8 and Week 16 (end of trial)).

Lung function as measured by the change in FEF25-75 % predicted (measured at baseline, Week 1,
Week 4, Week 8 and Week 16 (end of trial)).

QoL as measured by the Cystic Fibrosis Questionnaire-Revised (CFQ-R) (measured at baseline,
Week 1, Week 4, Week 8 and Week 16 (end of trial)).

QoL as measured by the Medical Outcomes Survey Short Form-36 (SF-36) (measured at baseline,
Week 1, Week 4, Week 8 and Week 16 (end of trial)).

Dwyer 2013 
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Exercise capacity as measured by the total distance covered in the Modified Shuttle Test-25
(MST-25) (measured at baseline, Week 4 and Week 16 (end of trial))

Exercise capacity as measured by the total exercise time in the Endurance Shuttle Test-25 (EST-25)
(measured at baseline, Week 4 and Week 16 (end of trial)).

Sputum bacterial diversity as measured by the acquisition or loss of bacterial organisms in expec-
torated sputum as measured by routine microscopy culture and sensitivity (M/C/S) (measured at
baseline and Week 16 (end of trial)).

Tolerability of nebulised trial solution as measured by participant on a 10-point visual analogue
scale (measured at baseline, Week 1, Week 4, Week 8 and Week 16 (end of trial)).

Medication use as measured by number of doses of each prescribed medication (measured at
baseline and weekly during trial (Week 1 to Week 16)).

Pulmonary exacerbations as measured by the Fuchs exacerbation criteria (measured weekly dur-
ing trial (Week 1 to Week 16)).

Adverse events (such as intolerable cough, sore throat, bronchospasm, haemoptysis, nausea, pul-
monary exacerbation) as measured by presence of new symptoms, likelihood of being related to
trial solution, severity of symptoms and time to resolution of symptoms (measured weekly during
trial (Week 1 to Week 16)).

Adherence to nebulisation of trial solution as measured weekly by self-report in patient diary and
count of returned unused ampoules of trial solution at the end of the trial (week 16)

Administration time of nebulised trial solution as measured by stop watch from start to completion
of 1 dose of trial inhalation solution (measured at baseline, Week 1, Week 4, Week 8 and Week 16
(end of trial)).

Notes Saline at lower tonicity in cystic fibrosis (SALTI-CF) trial.

Funding source: Australian Cystic Fibrosis Research Trust.

Dwyer 2013  (Continued)

 
 

Methods Open label RCT. Single dose.

Participants 20 adults with CF.

Interventions Intervention: amiloride in HS 5.58%.

Control: amiloride in IS.

Outcomes Change in nasal potential difference.

Notes Trial to determine the effects of HS and amiloride on change in ion flow by nasal potential differ-
ence. Abstract only.

Hofmann 1997 

 
 

Methods RCT.

Parallel design.

Duration; 14 days.

NCT00928135 
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Triple-blind (participant, care provider, investigator).

Participants Estimated enrolment: 60 participants. Both genders eligible.

Inclusion criteria: diagnosed with CF (medical record evidence of CFTR mutation or sweat chloride
test or nasal voltage difference, and 1 or more clinical findings of CF); 12 years or older; FEV1 > 30%

predicted (within the last 14 days and oxygen saturation > 90% on FiO2 ≤ 50%); admitted for an ex-
acerbation; use of effective contraception in women; written informed consent.

Exclusion criteria: pregnancy; history of asthma based on methacholine challenge or bronchial
hyper-responsiveness on PFT; haemoptysis more than 60 mL within the last 30 days; use of any in-
vestigational study drug within the last 30 days; initiation of hypertonic saline within the last 30
days; a serum creatinine 2 mg/dL or more; active malignancy in the last year; antibiotics for CF ex-
acerbation as an outpatient in the last 2 weeks; Burkholderia cepacia colonisation; waiting list for
lung transplant; lack of FEV1 data from the last 14 days; previous participation in this study.

Interventions Intervention: aerosolized 7% HS (5 mL) 2x daily.

Control: 15% xylitol (5 mL) 2x daily.

Outcomes Primary outcomes

FEV1 (change from baseline).

Adverse events.

Respiratory symptom score.

Secondary outcomes

Density of colonisation per g of sputum.

Time to next exacerbation.

Sputum cytokines.

CFQ-R.

Notes Principal Investigator: Joseph Zabner, M.D.

Study Director: Lakshmi Durairaj, M.D.

Study Chair: Jan L Launspach, R.N., CCRC.

Study Start Date : June 2009.

Estimated Primary Completion Date : January 2018.

Estimated Study Completion Date : January 2018.

NCT00928135  (Continued)

 
 

Methods Randomised, cross-over trial. Open label.

Duration: 2 weeks.

Participants Estimated enrolment: n = 30 (stated that recruitment complete).

Inclusion criteria: documented diagnosis of CF (medical record evidence of 2 identified CFTR mu-
tations or a positive sweat chloride test or nasal voltage difference, and 1 or more clinical findings
of CF); 16 years or older; FEV1 over 30% predicted; oxygen saturation at least 90% on room air; clin-

NCT01355796 
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ically stable, without evidence of pulmonary exacerbation for at least 2 weeks prior to screening
(defined as use of oral or intravenous antibiotics for CF exacerbation); use of effective contracep-
tion in women; ability to provide written informed consent and assent; successful completion of
the trial doses of study drugs.

Exclusion criteria: pregnancy; haemoptysis more than 100 mL within the last 30 days; change in
chronic medication within the last 30 days; history of elevated serum creatinine (at least 2 mg/dL)
within 30 days or at screening; history of lung and other solid organ transplantation; wait-listed for
lung or other solid organ transplant; known intolerance to inhaled HS.

Interventions Intervention 1: aerosolised xylitol (5 mL) 2x daily for 14 days.

Intervention 2: aerosolised 7% HS (4 mL) 2x daily for 14 days.

Outcomes Primary outcomes: FEV1 change from baseline; adverse events; and respiratory symptom score.

Secondary outcomes: density of colonisation per gram of sputum; time to next exacerbation; spu-
tum cytokines; and CFQ-R.

All outcomes measured at 98 days.

Notes Sponsored by University of Iowa.

Collaborators: Ann & Robert H Lurie Children's Hospital of Chicago Northwestern University.

U01HL102288 (US NIH Grant/Contract).

NCT01355796  (Continued)

 
 

Methods Open-label RCT.

Parallel design.

Duration: 48 weeks.

Multicentre (3 centres) in Madrid, Spain.

Participants Actual enrolment : 71 participants.

Inclusion criteria: clinical diagnosis of CF; over 6 years old; FEV1 over 30% predicted; able to per-

form spirometry; able to perform induced sputum; able to tolerate the maximum dose of 10 mL HS;
no oral or intravenous treatment within the previous 2 weeks before the beginning of the study; no
treatment with HS in the 2 weeks before study entry.

Exclusion criteria: no clinical diagnosis of CF; not able to tolerate 10 mL HS; positive pregnancy
test; not able to tolerate beta 2-agonist; treatment with corticosteroids; FEV1 < 30% predicted; liv-

er or lung transplantation, or both; oxygen treatment; hospital admission within the 4 previous
weeks; oral or intravenous antibiotic treatment within the 2 previous weeks; smokers; pulmonary
colonisation with Burkholderia cepacia complex.

Interventions Intervention: 10 mL HS.

Control: 5 mL HS.

Outcomes Primary outcomes

Time free from pulmonary exacerbation (days) at 12 months.

Secondary outcomes

NCT01377792 
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Changes in lung function at 12 months.

Changes in inflammatory markers in induced sputum at 12 months.

QoL at 12 months (CFQ-R).

Notes Principal Investigator: Dr Adelaida Lamas, Cystic Fibrosis Unit. Ramón y Cajal University Hospital,
Madrid, Spain.

Study Start Date : March 2009.

Primary Completion Date : May 2011.

Study Completion Date : September 2012.

NCT01377792  (Continued)

 
 

Methods Blinded (participant, care provider, investigator, outcomes assessor) RCT.

Parallel design.

Duration: 1 year.

Multicentre in Germany.

Participants Actual enrolment : 42 participants.

Inclusion criteria: confirmed diagnosis of CF; age at enrolment is 0 - 4 months; ability of child and
parents to comply with medication use, trial visits, and trial procedures as judged by the investiga-
tor; written consent from participants' parents or legal guardians.

Exclusion criteria: born < 30 weeks gestation; prolonged mechanical ventilation in the first 3
months of life; significant medical disease or condition other than CF likely to interfere with the
child's ability to complete the entire protocol; previous major surgery except for meconium ileus;
other major organ dysfunction, excluding pancreatic or hepatic dysfunction or another condition
due to CF; physical findings that would compromise the safety of the participant or the quality of
the study data as determined by investigator; history of adverse reaction to sedation; known hy-
persensitivity to study treatment; participation in other interventional studies at the same time.

Interventions Intervention: 6% HS 4 mL inhaled 2x daily.

Control: 0.9% IS 4 mL inhaled 2x daily.

Both treatments inhaled via PARI LC SPRINT® Junior nebulizer with a baby bend, size-adapted
PARI® Baby face mask size 0 - 3, connection tubing (2.2m) and a PARI JuniorBOY® SX compressor.

Outcomes Primary outcomes

Number of participants with AEs and serious AEs.

Safety of inhalation with HS and IS in newborns and infants with CF assessed by proportion of AEs
and serious AEs.
 
Secondary outcomes

Protocol-defined pulmonary exacerbations requiring treatment with oral, inhaled or intravenous
antibiotics.
Morphological or functional changes (or both) due to CF lung disease according to MRI chest score
and chest x-ray. Chrispin-Norman score.

Extent and severity of bronchial dilatation after MRI and chest x-ray scores.

NCT01619657 
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Impairments in lung function determined via multiple breath washout.
Severity of impairment in lung function test.
Health-related QoL (as assessed by CFQ-R, German version).
Change in anthropometric and basic respiratory parameters (weight, height, BMI, weight-for-
height, resting respiratory rate, and room air oxygen saturation).
New isolates of CF pathogens from clinically collected respiratory cultures.
Time to first isolation of a CF pathogen.

Notes Sponsors and Collaborators: Heidelberg University, German Center for Lung Research.

Principal Investigator: Marcus A Mall, MD University Hospital Heidelberg.

Study Start Date : June 2012.

Primary Completion Date : November 2016.

Study Completion Date : October 2017.

NCT01619657  (Continued)

 
 

Methods Blinded (participant, care provider, investigator, outcomes assessor) RCT.

Parallel design.

Duration: 48 weeks.

Multicentre in USA and Canada.

Participants Actual enrolment : 150 participants (both genders).

Inclusion criteria: confirmed diagnosis of CF; written informed consent by parent or legal
guardian; age ≥ 36 months and ≤72 months at screening visit; able to comply with medication use,
trial visits and trial procedures as judged by the site investigator; able to perform technically ac-
ceptable multiple breath washout measurements at the screening and enrolment visits.

Exclusion criteria: acute intercurrent respiratory infection, defined as an increase in cough,
wheezing, or respiratory rate with onset within 3 weeks preceding screening or enrolment visit;
acute wheezing at screening or enrolment visit; oxygen saturation < 95% (<90% in centres located
above 4000 feet elevation) at screening or enrolment visit; physical findings that would compro-
mise the safety of the participant or the quality of the trial data as determined by site investigator;
investigational drug use within 30 days prior to at screening or enrolment visit; treatment with in-
haled HS at any concentration within 30 days prior to screening or enrolment visit; chronic lung
disease not related to CF; inability to tolerate first treatment dose at the enrolment visit.

Interventions Intervention: 7% HS inhaled 2x daily.

Control: 0.9% IS inhaled 2x daily.

The delivery system for both groups is a PARI Sprint Junior nebulizer with a PARI Baby face mask or
mouthpiece driven by a PARI Vios® compressor.

Outcomes Primary outcomes

Change from baseline in LCI measured by N2 multiple breath washout.
 
Secondary outcomes

Change from baseline in FEV 0.75 measured by preschool spirometry.
Protocol-defined pulmonary exacerbation rate.
Health-related QoL measured by the modified parent-reported CFQ-R for preschoolers.

NCT02378467 
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Respiratory signs as measured by the Cystic Fibrosis Respiratory Sign Diary for ages 0 - 6
(CFRSD0-6).
Treatment-emergent CF respiratory pathogens from clinical respiratory cultures.

Notes Principal Investigators:

Stephanie Davis, MD Indiana University; Richard A Kronmal, PhD University of Washington; Felix
Ratjen, MD, PhD, FRCPC Hospital for Sick Kids, Toronto; Margaret Rosenfeld, MD, MPH Seattle Chil-
dren's Hospital.

Study Start Date : March 2015.

Estimated Primary Completion Date : August 2018.

Estimated Study Completion Date : February 2019.

NCT02378467  (Continued)

 
 

Methods RCT (phase I).

Cross-over design.

Location: USA.

Participants Inclusion criteria: aged 12 years and over; FEV1 greater than 50% predicted; able to spontaneous-

ly expectorate sputum (with or without chest physiotherapy); stable disease as defined by clinician
assessment and no use of IV antibiotics in the past 4 weeks, no changes in CF-related medications
in the 4 weeks prior to study screening and SpO2 < 94% on room air or use of supplemental oxygen.

Exclusion criteria: reactive airway disease; use of inhaled hypertonic saline in the past 28 days;
use of IV antibiotics in the past 4 weeks; changes in CF-related medications in the 4 weeks prior to
screening; SpO2 < 94% on room air or use of supplemental oxygen; presence of untreated gastroe-
sophageal reflux disease or residual acid reflux symptoms more than 3 times per week; pregnant or
nursing females.

12 participants enrolled.

Interventions Hypertonic bicarbonate group: inhaled solution of 8.4% hypertonic bicarbonate by nebuliser.

HS group: inhaled solution of 7% HS by nebuliser.

Outcomes Primary outcomes: change in exhaled breath condensate pH at 4 hours; change in pH after inhala-
tion of 2 doses on 1 day.

Secondary outcomes: change in expectorated sputum at 4 hours; change in sputum wet-to-dry ra-
tio after inhalation of 2 doses on 1 day; change in spirometry at 4 hours; FEV1 before and after in-

halation of 2 doses on 1 day.

Notes Principal Investigator: Joseph M PIlewski, MD, University of Pittsburgh.

Collaborators: Cystic Fibrosis Foundation Therapeutics.

Start date: August 2014.

Completion date: July 2016.

Listed retrospectively on clinicaltrials.gov in 2018. No publication to date.

NCT03391414 
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Methods Double-blind RCT.

Cross-over design.

Duration: 16 weeks in each treatment arm; total duration 32 weeks.

Single centre in Italy.

Participants Inclusion criteria: aged 4 - 6 years; diagnosed with CF; clinically stable; undergoing a simple thera-
py based on bronchodilators and physiotherapy; no respiratory infections during the treatment or
2 weeks before.

Exclusion criteria: children with instable medical conditions

12 participants randomised.

Age, mean (SD): 5.7 (0.8) years.

Gender split: 6 males, 6 females.

Interventions Intervention: 4 mL HS (7%) inhaled 2x daily.

Control: 4 mL IS (0.9%) inhaled 2x daily.

There is no washout period between the 2 treatments, and children are followed up after 4, 16, 20
and 32 weeks.

Outcomes Primary outcomes

Airways resistance measured using interrupter resistance technique at baseline, 4, 16, 20, 32 weeks
Lung function (FVC, FEV1 and FEF25-75) measured using spirometry at baseline, 4, 16, 20, 32 weeks

Secondary outcomes

Side effects measured using a standardized questionnaire created for the purpose of this study
throughout the 31 week study period by healthcare providers.

Notes Results published in 2017 (www.ncbi.nlm.nih.gov/pubmed/28709466).

Nenna 2017 

 
 

Methods Open-label RCT.

Design: parallel group.

Location: 2 centres in Argentina.

Duration: 24 weeks.

Participants 27 children aged 3 to 6 years with CF. 21 completed trial.

Interventions Intervention 1: HS 7% nebulised 2x daily.

Control: IS 0.9%, nebulised 2x daily.

Salbutamol given prior to each dose.

Outcomes Primary outcome

Palacio 2014 
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Lung function.

Secondary outcomes

Respiratory symptoms.

Anthropometric measures.

New isolation of Pseudomonas aeruginosa.

Rate of exacerbations.

AEs.

Adherence.

Notes We are waiting for further data to judge whether this should be included.

Palacio 2014  (Continued)

 
 

Methods RCT.
Parallel assignment.
Blinding of participants, care providers, investigators and outcome assessors.

Participants Inclusion criteria: confirmed diagnosis of CF established in neonatal period either via CF new-
born screening or because of symptoms typical for CF (e.g. meconium ileus), positive family histo-
ry or positive prenatal screening and fulfilling at least 1 of 3 criteria (sweat chloride ≥ 60mEq/L, 2 CF
causing mutations of CFTR gene alterations of transepithelial potential difference of nasal or rec-
tal epithelia typical for CF); age at enrolment is 0 - 4 months; participant's and parent's ability to
comply with medication use, trial visits, and trial procedures as judged by the investigator (there-
fore parents have to understand the character of the study and individual consequences); partici-
pation is voluntary so only participants, whose parents or legal guardians gave written consent, are
included.

Exclusion criteria: born < 30 weeks gestation; prolonged mechanical ventilation in the first 3
months of life; a significant medical disease or condition other than CF likely to interfere with the
child's ability to complete the entire protocol; previous major surgery except for meconium ileus;
other major organ dysfunction, excluding pancreatic or hepatic dysfunction or another condition
due to CF; physical findings that would compromise the safety of the participant or the quality of
the trial data as determined by investigator; history of adverse reaction to sedation; known hyper-
sensitivity to treatment; participation in other interventional trials at the same time.

Criteria, which lead to a displacement of the procedures in sedation until the child has re-
covered: clinically significant upper airway obstruction as determined by investigator (e.g. severe
laryngomalacia, markedly enlarged tonsils, significant snoring, diagnosed obstructive sleep ap-
noea); acute intercurrent respiratory infection, defined as an increase in cough, wheezing, or respi-
ratory rate with onset in 2 weeks preceding visit; oxygen saturation < 95% before initial pulmonary
function test or initial MRI; severe gastroesophageal reflux, defined as persistent frequent emesis
despite anti-reflux therapy.

42 participants enrolled (originally aimed for 40) aged up to 4 months.

Interventions Intervention group: 4 mL HS 6% (MucoClear® 6%) administered via inhalation 2x daily for 52
weeks.

Control group: 4 mL IS 0.9% administered via inhalation 2x daily for 52 weeks.

Both interventions delivered using the PARI LC SPRINT® Junior nebulizer with a baby bend, size-
adapted PARI® Baby face mask size 0-3, connection tubing (2.2m) and a PARI JuniorBOY® SX com-
pressor.

PRESIS 2018 
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Outcomes Primary outcome

Number of participants with AEs and serious AEs at end of trial.

Secondary outcomes

Rate of protocol-defined pulmonary exacerbations requiring treatment with oral, inhaled or intra-
venous antibiotics.

Time to first pulmonary exacerbation.

Change from baseline in proportion of children with morphological or functional changes, or both,
due to CF lung disease according to magnetic resonance imaging (MRI) chest score and chest x-ray
(CXR) Chrispin-Norman score (at end of trial).

Change in extent and severity of bronchial dilatation after MRI and CXR scores at end of trial.

Proportion of children with impairments in lung function determined via multiple breath washout
at baseline, after 3, 6, 9, and 12 months of inhalation.

Severity of impairment in lung function test at baseline, after 3, 6, 9, and 12 months.

Health-related QoL as assessed by scores from the CFQ-R (German version), administered quarter-
ly.

Change in anthropometric and basic respiratory parameters (weight, height, BMI, weight-for-
height, resting respiratory rate, and room air oxygen saturation) at end of trial.

Proportion of participants with new isolation of CF pathogen from clinically collected respiratory
cultures among participants from whom Pseudomonas aeruginosa or other CF pathogens were not
isolated from respiratory cultures prior to enrolment.

Time to first isolation of a CF pathogen.

Notes Principal investigator: Marcus A. Mall, MD, Heidelberg University, Germany.

Collaborator: German Center for Lung Research.

Start date: June 2012.

Final data collection: November 2016.

PRESIS 2018  (Continued)

AE: adverse events
BMI: body mass index
CF: cystic fibrosis
CFQ-R: cystic fibrosis questionnaire - revised
CFTR: cystic fibrosis transmembrane conductance regulator
FEV1: forced expiratory volume at one second

FEF25-75: mid peak expiratory flow
FiO2: fraction of inspired oxygen
HS: hypertonic saline
IS: isotonic saline
IV: intravenous.
LCI: lung clearance index
MBW: multiple breath washout
MCC: mucociliary clearance
MRI: magnetic resonance imaging
PFT: pulmonary function test
QoL: quality of life
RCT: randomised controlled trial
SpO2: peripheral capillary oxygen saturation
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Characteristics of ongoing studies [ordered by study ID]

 

Trial name or title A randomized-controlled trial of inhaled hypertonic saline (7%) to evaluate the lung clearance in-
dex as a short-term pharmacodynamic biomarker in patients with cystic fibrosis.

Methods Double-blind (participant, investigator) RCT.

Cross-over design.

Duration: single administration.

2 centres in Canada.

Participants Target enrolment: 24 participants.

Inclusion criteria: confirmed diagnosis of CF; informed consent and verbal assent (as appropriate)
provided by the participant's parent or legal guardian and the participant; at least 6 years of age
at enrolment; able to perform reproducible spirometry meeting American Thoracic Society stan-
dards; pre-bronchodilator FEV1 % predicted > or equal to 40 % predicted; ability to perform a re-

producible LCI maneuver at screening.

Exclusion criteria: known respiratory culture positive for Burkholderia cepacia; previous lung
transplantation; use of intravenous antibiotics within 14 days of screening; use of oral antibiotics
including prophylactic antibiotics (e.g., augmentin, tetracycline, cloxacillin, cephalosporins, sep-
tra, bactrim) within 14 days of screening; initiation of a new maintenance (e.g. high-dose ibuprofen,
Pulmozyme®, aerosolized antibiotics) within 14 days of screening; use of systemic corticosteroids
within 14 days of screening; investigational drug use within 30 days of screening; use of hyperton-
ic saline (7%) < 4 weeks before screening or outside of the study protocol; participation in any ther-
apeutic clinical study < 4 weeks or, 5 half-lives, whichever is longer, before screening; smoking < 3
months before screening; presence of a condition or abnormality that in the opinion of the site in-
vestigator would compromise the safety of the participant or the quality of the data.

Interventions Intervention: single inhalation of 4 mL 7% HS.

Control: single inhalation of 4 mL 0.9% IS.

Outcomes Primary outcomes

LCI (change from baseline to 24 hours post inhalation).

Secondary outcomes

PFTs (FEV1 % predicted, FVC % predicted and FEF 25-75 % predicted).

LCI (measured using mass spectroscopy: MBW).
LCI (measured using nitrogen washout).

Starting date Trial Start Date : November 2011.

Primary Completion Date : September 2014.

Study Completion Date : September 2014.

Contact information Principal Investigator: Reshma Amin, MD The Hospital for Sick Children, Toronto, Canada.

Notes  

NCT02276898 

 
 

Nebulised hypertonic saline for cystic fibrosis (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

77



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Trial name or title Clearing lungs with ENAC inhibition in cystic fibrosis (CLEAN-CF)

Methods Blinded (participant, care provider, investigator, outcomes assessor) RCT.

Parallel design.

3 arms.

Duration: 15 days.

Multicentre (33 locations) in the USA.

Participants Actual enrollment : 142 participants, both genders.

Inclusion criteria: aged 12 years or older; diagnosis of CF as determined by the 1997 CF consensus
criteria; non-smoker; FEV1 at Screening Visit 1 between 40% and 90%; stable regimen of CF med-

ications and chest physiotherapy for the 28 days prior to screening; willing to discontinue use of
HS for the duration of the trial; clinically stable for at least 2 weeks; all females of child-bearing po-
tential must have a negative serum pregnancy test and if sexually active must agree to practice a
highly effective form of contraception throughout the trial and for 28 days after the last dose of trial
medication.

Exclusion criteria: history of any organ transplantation or any significant disease or disorder; use
of diuretics (including amiloride) or renin-angiotensin antihypertensive drugs or trimethoprim in
the 28 days prior to Screening; history of significant intolerance to inhaled HS, as determined by
the investigator; known hypersensitivity to the trial drug or amiloride; any clinically significant lab-
oratory abnormalities at Screening Visit 1 as judged by the investigator (or any of the following:
potassium ≥ 5 mEq/L; abnormal renal function; abnormal liver function, defined as ≥ 3 x upper lim-
it of normal; haemoglobin level < 10.0 g/dL); female who is pregnant or lactating; history of sputum
or throat swab culture yielding Burkholderia species or Mycobacterium abscessus within 2 years of
screening; previous participation in an investigational trial involving administration of any inves-
tigational compound or use of an investigational device with 28 days prior to Screening; currently
being treated with any ivacaftor containing regimen.

Interventions Intervention 1: P-1037 solution for inhalation, 85 μg (28.3 μg/mL) in HS (4.2%).

Intervention 2: P-1037 Solution for Inhalation, 85 μg BID (28.3 μg/mL) in 0.17% saline.

Control: placebo (0.17% saline).

All treatments were inhaled 2x daily.

Outcomes Primary outcomes

Adverse events related to P-1037 in treatment groups.
FEV1 (change from from pre-dosing to 1 hour post dosing).

 
Secondary outcomes

FEV1 (absolute change from baseline to Day 15).

FVC (absolute change from baseline to Day 15).
CFQ-R.
FEF25-75% (absolute change from baseline to Day 15).

Starting date Trial Start Date : April 2015.

Primary Completion Date : February 2016.

Study Completion Date : February 2016.

Contact information Vertex Pharmaceuticals Incorporated.

NCT02343445 
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Notes Sponsors and Collaborators: Vertex Pharmaceuticals Incorporated, Parion Sciences.

NCT02343445  (Continued)

 
 

Trial name or title Saline hypertonic in preschoolers + CT (SHIP-CT).

Methods Blinded (participant, care provider, investigator, outcomes assessor) RCT.

Parallel design.

Duration: 48 weeks.

Participants Estimated enrolment: 120 participants.

Inclusion criteria: confirmed diagnosis of CF; informed consent by parent or legal guardian; age ≥
36 months and ≤ 72 months at screening visit; able to comply with medication use, trial visits and
trial procedures as judged by the site investigator; able to cooperate with chest CT at the enrol-
ment visit as determined by the lung function technician.

Exclusion criteria: chest CT within 8 months prior to the Screening visit; acute intercurrent respi-
ratory infection, defined as an increase in cough, wheezing, or respiratory rate with onset within 3
weeks preceding screening or enrolment visit; acute wheezing at screening or enrolment visit; oxy-
gen saturation < 95% (< 90% in centres located above 4000 feet elevation) at screening or enrol-
ment visit; other major organ dysfunction, excluding pancreatic dysfunction; physical findings that
would compromise the safety of the participant or the quality of the trial data as determined by
site investigator; investigational drug use within 30 days prior to screening or enrolment visit; treat-
ment with inhaled HS at any concentration within 30 days prior to screening or enrolment visit; ini-
tiation (i.e. new prescription) of any inhaled hydrating agent such as mannitol or mucolytic agents
such as dornase alfa within 30 days prior to the screening or enrolment visit; chronic lung disease
not related to CF; inability to tolerate first treatment dose at the enrolment visit.

Interventions Intervention: 7% HS 4 mL inhaled 2x daily.

Control: 0.9% IS 4 mL inhaled 2x daily.

The delivery system is a PARI Sprint Junior nebulizer with a PARI Baby face mask or mouthpiece dri-
ven by a PARI compressor (PARI Vios® Pro in USA, PARI BOY SX in Australia and Europe).

Outcomes Primary outcomes

Chest CT (PRAGMA-CF %Dis between groups at 48 weeks, adjusted for baseline, measured from
standardised chest CT).
 
Secondary outcomes

PRAGMA-CF sub-scores: change in %Bx (the volume proportion of the lung with bronchiectasis) and
%TA (the volume proportion of the lung with trapped air); absolute number of airways, airway di-
mensions and AA ratios from TLC CTs, acquired at the 48-week visit.
LCI (change from baseline to 48 weeks measured by N2 MBWs).
Cross-sectional and longitudinal relationships between primary and secondary PRAGMA-CF out-
comes (%Dis, %Bx and %TA) and MBWs (LCI), airway dimensions and PRAGMA-CF and MBW out-
comes, as well as CFQ-R scores and PRAGMA-CF and MBWs.

Starting date Trial Start Date : August 2016.

Estimated Primary Completion Date : February 2019.

Estimated Study Completion Date : April 2019.

NCT02950883 
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Contact information  

Notes SHIP-CT is a parallel study to SHIP001 (ClinicalTrials.gov Identifier NCT02378467).

NCT02950883  (Continued)

CF: cystic fibrosis
CFQ-R: cystic fibrosis questionnaire - revised
CT: computed tomography
FEF: forced expiratory flow rate
FEV1: forced expiratory volume in one second

FVC: forced vital capacity
HS: hypertonic saline
IS: isotonic saline
LCI: lung clearance index
MBW: multiple breath washout
PFT: pulmonary function test
PRAGMA-CF: Perth-Rotterdam annotated grid morphometric analysis for cystic fibrosis
RCT: randomised controlled trial
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Hypertonic saline 3% to 7% versus isotonic saline

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Change in FEV1 (% predict-

ed)

3   Mean Difference (IV, Fixed, 95% CI) Subtotals only

1.1 At 2 - 4 weeks (all partici-
pants)

3 225 Mean Difference (IV, Fixed, 95% CI) 3.44 [0.67, 6.21]

1.2 At 2 - 4 weeks (partic-
ipants aged 14 years and
over)

2 205 Mean Difference (IV, Fixed, 95% CI) 4.15 [1.14, 7.16]

1.3 At 2 - 4 weeks (children
FEV1 > 80% predicted)

1 20 Mean Difference (IV, Fixed, 95% CI) -0.42 [-7.45, 6.61]

1.4 At 12 weeks 1 149 Mean Difference (IV, Fixed, 95% CI) 4.1 [-0.08, 8.28]

1.5 At 24 weeks 1 140 Mean Difference (IV, Fixed, 95% CI) 5.37 [1.03, 9.71]

1.6 At 36 weeks 1 134 Mean Difference (IV, Fixed, 95% CI) 3.63 [-1.56, 8.82]

1.7 At 48 weeks 1 134 Mean Difference (IV, Fixed, 95% CI) 2.31 [-2.72, 7.34]

2 Change in FVC (% predict-
ed)

3   Mean Difference (IV, Fixed, 95% CI) Subtotals only

2.1 At 2 - 4 weeks 3 225 Mean Difference (IV, Fixed, 95% CI) 1.07 [-1.63, 3.78]

2.2 At 12 weeks 1 141 Mean Difference (IV, Fixed, 95% CI) 4.56 [0.79, 8.33]

2.3 At 24 weeks 1 140 Mean Difference (IV, Fixed, 95% CI) 3.64 [0.17, 7.11]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.4 At 36 weeks 1 134 Mean Difference (IV, Fixed, 95% CI) 3.40 [-0.82, 7.62]

2.5 At 48 weeks 1 134 Mean Difference (IV, Fixed, 95% CI) 2.76 [-1.09, 6.61]

3 Mean change in FEV0.5 (mL) 1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

3.1 At 48 weeks 1 45 Mean Difference (IV, Fixed, 95% CI) 41.0 [0.96, 81.04]

4 Lung clearance index (LCI) 1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

4.1 At 4 weeks 1 19 Mean Difference (IV, Fixed, 95% CI) -1.03 [-2.76, 0.70]

5 Radiolabelled isotope
clearance

3   Mean Difference (IV, Fixed, 95% CI) Subtotals only

5.1 At 60 mins 3 68 Mean Difference (IV, Fixed, 95% CI) 6.14 [2.56, 9.72]

6 Mucociliary clearance mea-
sured as area under the curve

2   Mean Difference (IV, Fixed, 95% CI) Subtotals only

6.1 Single dose 2 44 Mean Difference (IV, Fixed, 95% CI) -212.06 [-271.64,
-152.48]

7 Exercise capacity (using a
subjective visual analogue
score)

1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

7.1 At Week 1 1 52 Mean Difference (IV, Fixed, 95% CI) 0.88 [0.19, 1.57]

7.2 At Week 2 1 52 Mean Difference (IV, Fixed, 95% CI) 1.01 [0.18, 1.84]

8 Feeling of cleared chest (us-
ing a subjective visual ana-
logue scale)

2   Mean Difference (IV, Fixed, 95% CI) Subtotals only

8.1 At up to Week 1 2 72 Mean Difference (IV, Fixed, 95% CI) 0.97 [0.35, 1.60]

9 Quality of life (change from
baseline)

3   Mean Difference (IV, Fixed, 95% CI) Subtotals only

9.1 CFQ parent 3 365 Mean Difference (IV, Fixed, 95% CI) 1.62 [-1.69, 4.92]

9.2 CFQ 14+ 1 91 Mean Difference (IV, Fixed, 95% CI) 7.77 [1.86, 13.68]

9.3 SF36 1 91 Mean Difference (IV, Fixed, 95% CI) 2.84 [-7.90, 13.58]

10 Average number of exac-
erbations

2   Mean Difference (IV, Fixed, 95% CI) Subtotals only

10.1 Number requiring antibi-
otics

2 415 Mean Difference (IV, Fixed, 95% CI) -0.23 [-0.48, 0.02]

10.2 Number of visits not re-
quiring antibiotics

1 162 Mean Difference (IV, Fixed, 95% CI) -0.25 [-0.84, 0.34]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

11 Average number of hos-
pital admissions per partici-
pant

1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

11.1 At 48 weeks 1 162 Mean Difference (IV, Fixed, 95% CI) -0.13 [-0.48, 0.22]

12 Adverse events: acute fall
in lung function

2   Mean Difference (IV, Fixed, 95% CI) Subtotals only

12.1 Acute fall in FEV1 % pre-
dicted

1 24 Mean Difference (IV, Fixed, 95% CI) 5.2 [-0.59, 10.99]

12.2 Acute fall in FEV1 mL 1 19 Mean Difference (IV, Fixed, 95% CI) 75.0 [-31.49, 181.49]

13 Change in log10 colony
forming units (GFU)/g from
baseline at final visit

1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

13.1 P. aeruginosa 1   Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

13.2 S. aureus 1   Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

14 Adverse events 2   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

14.1 Cough 2 373 Risk Ratio (M-H, Fixed, 95% CI) 1.03 [0.78, 1.35]

14.2 Pharyngitis 1 52 Risk Ratio (M-H, Fixed, 95% CI) 2.79 [0.12, 65.38]

14.3 Chest tightness 2 373 Risk Ratio (M-H, Fixed, 95% CI) 0.66 [0.11, 3.98]

14.4 Haemoptysis 1 52 Risk Ratio (M-H, Fixed, 95% CI) 0.93 [0.21, 4.17]

14.5 Vomiting 1 321 Risk Ratio (M-H, Fixed, 95% CI) 0.52 [0.13, 2.03]

14.6 Wheezing 1 321 Risk Ratio (M-H, Fixed, 95% CI) 2.06 [0.38, 11.11]

14.7 Fever 1 321 Risk Ratio (M-H, Fixed, 95% CI) 0.99 [0.58, 1.68]

14.8 Nasal congestion 1 321 Risk Ratio (M-H, Fixed, 95% CI) 0.76 [0.42, 1.37]

14.9 Ear infection 1 321 Risk Ratio (M-H, Fixed, 95% CI) 1.40 [0.78, 2.51]

14.10 Acquisition of Burk-
holderia cepacia

1 321 Risk Ratio (M-H, Fixed, 95% CI) 1.03 [0.15, 7.23]
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Analysis 1.1.   Comparison 1 Hypertonic saline 3% to 7% versus
isotonic saline, Outcome 1 Change in FEV1 (% predicted).

Study or subgroup Hypertonic saline Isotonic saline Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.1.1 At 2 - 4 weeks (all participants)  

Amin 2010 10 -1.8 (6.4) 10 -1.4 (9.4) 15.5% -0.42[-7.45,6.61]

Elkins 2006a 78 3.5 (12.2) 75 0.7 (8) 72.3% 2.79[-0.46,6.04]

Eng 1996 27 15 (16) 25 2.8 (13.1) 12.2% 12.2[4.28,20.12]

Subtotal *** 115   110   100% 3.44[0.67,6.21]

Heterogeneity: Tau2=0; Chi2=6.01, df=2(P=0.05); I2=66.7%  

Test for overall effect: Z=2.44(P=0.01)  

   

1.1.2 At 2 - 4 weeks (participants aged 14 years and over)  

Elkins 2006a 78 3.5 (12.2) 75 0.7 (8) 85.57% 2.79[-0.46,6.04]

Eng 1996 27 15 (16) 25 2.8 (13.1) 14.43% 12.2[4.28,20.12]

Subtotal *** 105   100   100% 4.15[1.14,7.16]

Heterogeneity: Tau2=0; Chi2=4.64, df=1(P=0.03); I2=78.43%  

Test for overall effect: Z=2.7(P=0.01)  

   

1.1.3 At 2 - 4 weeks (children FEV1 > 80% predicted)  

Amin 2010 10 -1.8 (6.4) 10 -1.4 (9.4) 100% -0.42[-7.45,6.61]

Subtotal *** 10   10   100% -0.42[-7.45,6.61]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.12(P=0.91)  

   

1.1.4 At 12 weeks  

Elkins 2006a 76 4 (15.1) 73 -0.1 (10.6) 100% 4.1[-0.08,8.28]

Subtotal *** 76   73   100% 4.1[-0.08,8.28]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.92(P=0.05)  

   

1.1.5 At 24 weeks  

Elkins 2006a 75 4.5 (13.3) 65 -0.9 (12.9) 100% 5.37[1.03,9.71]

Subtotal *** 75   65   100% 5.37[1.03,9.71]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.43(P=0.02)  

   

1.1.6 At 36 weeks  

Elkins 2006a 69 5 (15.6) 65 1.4 (15.1) 100% 3.63[-1.56,8.82]

Subtotal *** 69   65   100% 3.63[-1.56,8.82]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=1.37(P=0.17)  

   

1.1.7 At 48 weeks  

Elkins 2006a 68 4.8 (14.7) 66 2.4 (15) 100% 2.31[-2.72,7.34]

Subtotal *** 68   66   100% 2.31[-2.72,7.34]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.9(P=0.37)  

Favours IS 2010-20 -10 0 Favours HS
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Analysis 1.2.   Comparison 1 Hypertonic saline 3% to 7% versus
isotonic saline, Outcome 2 Change in FVC (% predicted).

Study or subgroup Hypertonic saline Isotonic saline Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.2.1 At 2 - 4 weeks  

Amin 2010 10 -1.8 (6.4) 10 5.2 (24.7) 2.92% -7.05[-22.88,8.78]

Elkins 2006a 78 2.1 (9.7) 75 -0.1 (9.1) 81.99% 2.26[-0.73,5.25]

Eng 1996 27 -1.2 (13.4) 25 2.6 (12.2) 15.09% -3.8[-10.76,3.16]

Subtotal *** 115   110   100% 1.07[-1.63,3.78]

Heterogeneity: Tau2=0; Chi2=3.5, df=2(P=0.17); I2=42.9%  

Test for overall effect: Z=0.78(P=0.44)  

   

1.2.2 At 12 weeks  

Elkins 2006a 76 3.8 (12.6) 65 -0.8 (10.3) 100% 4.56[0.79,8.33]

Subtotal *** 76   65   100% 4.56[0.79,8.33]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.37(P=0.02)  

   

1.2.3 At 24 weeks  

Elkins 2006a 75 3.4 (10.6) 65 -0.3 (10.3) 100% 3.64[0.17,7.11]

Subtotal *** 75   65   100% 3.64[0.17,7.11]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.05(P=0.04)  

   

1.2.4 At 36 weeks  

Elkins 2006a 69 4.4 (12.7) 65 1 (12.2) 100% 3.4[-0.82,7.62]

Subtotal *** 69   65   100% 3.4[-0.82,7.62]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.58(P=0.11)  

   

1.2.5 At 48 weeks  

Elkins 2006a 68 4.8 (12.2) 66 2.1 (10.6) 100% 2.76[-1.09,6.61]

Subtotal *** 68   66   100% 2.76[-1.09,6.61]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.4(P=0.16)  

Favours IS 2010-20 -10 0 Favours HS

 
 

Analysis 1.3.   Comparison 1 Hypertonic saline 3% to 7%
versus isotonic saline, Outcome 3 Mean change in FEV0.5 (mL).

Study or subgroup Hypertonic saline Isotonic saline Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.3.1 At 48 weeks  

Rosenfeld 2012 22 162 (67.7) 23 121 (69.4) 100% 41[0.96,81.04]

Subtotal *** 22   23   100% 41[0.96,81.04]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.01(P=0.04)  

Favours IS 10050-100 -50 0 Favours HS
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Analysis 1.4.   Comparison 1 Hypertonic saline 3% to 7%
versus isotonic saline, Outcome 4 Lung clearance index (LCI).

Study or subgroup Hypertonic saline Isotonic saline Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.4.1 At 4 weeks  

Amin 2010 10 7.9 (1.7) 9 8.9 (2.1) 100% -1.03[-2.76,0.7]

Subtotal *** 10   9   100% -1.03[-2.76,0.7]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.16(P=0.24)  

Favours HS 105-10 -5 0 Favours IS

 
 

Analysis 1.5.   Comparison 1 Hypertonic saline 3% to 7% versus
isotonic saline, Outcome 5 Radiolabelled isotope clearance.

Study or subgroup Hypertonic saline Isotonic saline Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.5.1 At 60 mins  

Laube 2009 12 19.7 (9.3) 12 18.1 (8.6) 24.97% 1.6[-5.57,8.77]

Robinson 1997 10 23.8 (12.6) 10 12.7 (4.4) 18.75% 11.1[2.83,19.37]

Robinson 1999 12 10 (8) 12 3.5 (2.8) 56.28% 6.5[1.73,11.27]

Subtotal *** 34   34   100% 6.14[2.56,9.72]

Heterogeneity: Tau2=0; Chi2=2.94, df=2(P=0.23); I2=32.08%  

Test for overall effect: Z=3.36(P=0)  

Favours IS 2010-20 -10 0 Favours HS

 
 

Analysis 1.6.   Comparison 1 Hypertonic saline 3% to 7% versus isotonic
saline, Outcome 6 Mucociliary clearance measured as area under the curve.

Study or subgroup Hypertonic saline Isotonic saline Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.6.1 Single dose  

Robinson 1996 12 5820.1
(244.5)

12 5943.8
(273.3)

8.25% -123.7[-331.18,83.78]

Robinson 1997 10 5675 (69.6) 10 5895 (72.3) 91.75% -220[-282.2,-157.8]

Subtotal *** 22   22   100% -212.06[-271.64,-152.48]

Heterogeneity: Tau2=0; Chi2=0.76, df=1(P=0.38); I2=0%  

Test for overall effect: Z=6.98(P<0.0001)  

Favours HS 1000500-1000 -500 0 Favours IS

 
 

Analysis 1.7.   Comparison 1 Hypertonic saline 3% to 7% versus isotonic
saline, Outcome 7 Exercise capacity (using a subjective visual analogue score).

Study or subgroup Hypertonic saline Isotonic saline Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.7.1 At Week 1  

Eng 1996 27 2.1 (1.3) 25 1.2 (1.3) 100% 0.88[0.19,1.57]

Favours isotonic saline 52.5-5 -2.5 0 Favours hypertonic saline
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Study or subgroup Hypertonic saline Isotonic saline Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Subtotal *** 27   25   100% 0.88[0.19,1.57]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.49(P=0.01)  

   

1.7.2 At Week 2  

Eng 1996 27 2.8 (1.5) 25 1.8 (1.6) 100% 1.01[0.18,1.84]

Subtotal *** 27   25   100% 1.01[0.18,1.84]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.38(P=0.02)  

Test for subgroup differences: Chi2=0.06, df=1 (P=0.81), I2=0%  

Favours isotonic saline 52.5-5 -2.5 0 Favours hypertonic saline

 
 

Analysis 1.8.   Comparison 1 Hypertonic saline 3% to 7% versus isotonic saline,
Outcome 8 Feeling of cleared chest (using a subjective visual analogue scale).

Study or subgroup Hypertonic saline Isotonic saline Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.8.1 At up to Week 1  

Eng 1996 27 2.1 (1.3) 25 1.2 (1.3) 81.81% 0.88[0.19,1.57]

Riedler 1996 10 1.5 (1.4) 10 0.1 (2) 18.19% 1.4[-0.07,2.87]

Subtotal *** 37   35   100% 0.97[0.35,1.6]

Heterogeneity: Tau2=0; Chi2=0.39, df=1(P=0.53); I2=0%  

Test for overall effect: Z=3.05(P=0)  

Favours IS 42-4 -2 0 Favours HS

 
 

Analysis 1.9.   Comparison 1 Hypertonic saline 3% to 7% versus
isotonic saline, Outcome 9 Quality of life (change from baseline).

Study or subgroup Hypertonic saline Isotonic saline Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.9.1 CFQ parent  

Elkins 2006a 37 0.9 (11.9) 36 2 (14.5) 29.33% -1.13[-7.23,4.97]

Rosenfeld 2012 133 0.5 (15.2) 139 -3.2 (19.1) 65.25% 3.7[-0.39,7.79]

Amin 2010 10 -0.6 (22.8) 10 8 (1.8) 5.42% -8.63[-22.81,5.55]

Subtotal *** 180   185   100% 1.62[-1.69,4.92]

Heterogeneity: Tau2=0; Chi2=3.79, df=2(P=0.15); I2=47.16%  

Test for overall effect: Z=0.96(P=0.34)  

   

1.9.2 CFQ 14+  

Elkins 2006a 46 1.1 (10.9) 45 -6.7 (17.1) 100% 7.77[1.86,13.68]

Subtotal *** 46   45   100% 7.77[1.86,13.68]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.58(P=0.01)  

   

1.9.3 SF36  

Elkins 2006a 46 1.3 (19.3) 45 -1.6 (31.4) 100% 2.84[-7.9,13.58]

Subtotal *** 46   45   100% 2.84[-7.9,13.58]

Favours IS 2010-20 -10 0 Favours HS
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Study or subgroup Hypertonic saline Isotonic saline Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Heterogeneity: Not applicable  

Test for overall effect: Z=0.52(P=0.6)  

Favours IS 2010-20 -10 0 Favours HS

 
 

Analysis 1.10.   Comparison 1 Hypertonic saline 3% to 7% versus
isotonic saline, Outcome 10 Average number of exacerbations.

Study or subgroup Hypertonic Saline Isotonic Saline Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.10.1 Number requiring antibiotics  

Elkins 2006a 82 0.3 (0.8) 80 0.8 (1.4) 50.1% -0.46[-0.82,-0.1]

Rosenfeld 2012 124 2.3 (1.7) 129 2.3 (1.1) 49.9% 0[-0.36,0.36]

Subtotal *** 206   209   100% -0.23[-0.48,0.02]

Heterogeneity: Tau2=0; Chi2=3.19, df=1(P=0.07); I2=68.7%  

Test for overall effect: Z=1.79(P=0.07)  

   

1.10.2 Number of visits not requiring antibiotics  

Elkins 2006a 82 1.1 (1.8) 80 1.4 (2) 100% -0.25[-0.84,0.34]

Subtotal *** 82   80   100% -0.25[-0.84,0.34]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.83(P=0.41)  

Favours HS 10.5-1 -0.5 0 Favours IS

 
 

Analysis 1.11.   Comparison 1 Hypertonic saline 3% to 7% versus isotonic
saline, Outcome 11 Average number of hospital admissions per participant.

Study or subgroup Hypertonic Saline Isotonic Saline Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.11.1 At 48 weeks  

Elkins 2006a 82 0.7 (1.1) 80 0.8 (1.2) 100% -0.13[-0.48,0.22]

Subtotal *** 82   80   100% -0.13[-0.48,0.22]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.74(P=0.46)  

Favours HS 10.5-1 -0.5 0 Favours IS

 
 

Analysis 1.12.   Comparison 1 Hypertonic saline 3% to 7% versus
isotonic saline, Outcome 12 Adverse events: acute fall in lung function.

Study or subgroup Hypertonic saline Isontonic saline Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.12.1 Acute fall in FEV1 % predicted  

Robinson 1999 12 5.8 (4.2) 12 0.6 (9.3) 100% 5.2[-0.59,10.99]

Subtotal *** 12   12   100% 5.2[-0.59,10.99]

Heterogeneity: Not applicable  

Favours HS 200100-200 -100 0 Favours IS
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Study or subgroup Hypertonic saline Isontonic saline Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Test for overall effect: Z=1.76(P=0.08)  

   

1.12.2 Acute fall in FEV1 mL  

Amin 2010 9 116 (140) 10 41 (88) 100% 75[-31.49,181.49]

Subtotal *** 9   10   100% 75[-31.49,181.49]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.38(P=0.17)  

Favours HS 200100-200 -100 0 Favours IS

 
 

Analysis 1.13.   Comparison 1 Hypertonic saline 3% to 7% versus isotonic saline,
Outcome 13 Change in log10 colony forming units (GFU)/g from baseline at final visit.

Study or subgroup Hypertonic saline Isotonic saline Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

1.13.1 P. aeruginosa  

Elkins 2006a 40 -1.4 (3.5) 35 -0.3 (2.9) -1.04[-2.49,0.41]

   

1.13.2 S. aureus  

Elkins 2006a 39 -0.5 (1.6) 35 -0 (1.6) -0.43[-1.15,0.29]

Favours HS 105-10 -5 0 Favours IS

 
 

Analysis 1.14.   Comparison 1 Hypertonic saline 3% to 7% versus isotonic saline, Outcome 14 Adverse events.

Study or subgroup Hyperton-
ic saline

Isotonic saline Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.14.1 Cough  

Eng 1996 3/27 3/25 4.86% 0.93[0.21,4.17]

Rosenfeld 2012 62/158 62/163 95.14% 1.03[0.78,1.36]

Subtotal (95% CI) 185 188 100% 1.03[0.78,1.35]

Total events: 65 (Hypertonic saline), 65 (Isotonic saline)  

Heterogeneity: Tau2=0; Chi2=0.02, df=1(P=0.89); I2=0%  

Test for overall effect: Z=0.19(P=0.85)  

   

1.14.2 Pharyngitis  

Eng 1996 1/27 0/25 100% 2.79[0.12,65.38]

Subtotal (95% CI) 27 25 100% 2.79[0.12,65.38]

Total events: 1 (Hypertonic saline), 0 (Isotonic saline)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.64(P=0.52)  

   

1.14.3 Chest tightness  

Eng 1996 1/27 0/25 17.4% 2.79[0.12,65.38]

Rosenfeld 2012 0/158 2/163 82.6% 0.21[0.01,4.26]

Subtotal (95% CI) 185 188 100% 0.66[0.11,3.98]

Total events: 1 (Hypertonic saline), 2 (Isotonic saline)  

Heterogeneity: Tau2=0; Chi2=1.37, df=1(P=0.24); I2=26.87%  

Favours hypertonic saline 1000.01 100.1 1 Favours isotonic saline
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Study or subgroup Hyperton-
ic saline

Isotonic saline Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Test for overall effect: Z=0.46(P=0.65)  

   

1.14.4 Haemoptysis  

Eng 1996 3/27 3/25 100% 0.93[0.21,4.17]

Subtotal (95% CI) 27 25 100% 0.93[0.21,4.17]

Total events: 3 (Hypertonic saline), 3 (Isotonic saline)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.1(P=0.92)  

   

1.14.5 Vomiting  

Rosenfeld 2012 3/158 6/163 100% 0.52[0.13,2.03]

Subtotal (95% CI) 158 163 100% 0.52[0.13,2.03]

Total events: 3 (Hypertonic saline), 6 (Isotonic saline)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.95(P=0.34)  

   

1.14.6 Wheezing  

Rosenfeld 2012 4/158 2/163 100% 2.06[0.38,11.11]

Subtotal (95% CI) 158 163 100% 2.06[0.38,11.11]

Total events: 4 (Hypertonic saline), 2 (Isotonic saline)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.84(P=0.4)  

   

1.14.7 Fever  

Rosenfeld 2012 23/158 24/163 100% 0.99[0.58,1.68]

Subtotal (95% CI) 158 163 100% 0.99[0.58,1.68]

Total events: 23 (Hypertonic saline), 24 (Isotonic saline)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.04(P=0.97)  

   

1.14.8 Nasal congestion  

Rosenfeld 2012 17/158 23/163 100% 0.76[0.42,1.37]

Subtotal (95% CI) 158 163 100% 0.76[0.42,1.37]

Total events: 17 (Hypertonic saline), 23 (Isotonic saline)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.9(P=0.37)  

   

1.14.9 Ear infection  

Rosenfeld 2012 23/158 17/163 100% 1.4[0.78,2.51]

Subtotal (95% CI) 158 163 100% 1.4[0.78,2.51]

Total events: 23 (Hypertonic saline), 17 (Isotonic saline)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.11(P=0.27)  

   

1.14.10 Acquisition of Burkholderia cepacia  

Rosenfeld 2012 2/158 2/163 100% 1.03[0.15,7.23]

Subtotal (95% CI) 158 163 100% 1.03[0.15,7.23]

Total events: 2 (Hypertonic saline), 2 (Isotonic saline)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.03(P=0.97)  

Favours hypertonic saline 1000.01 100.1 1 Favours isotonic saline
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Comparison 2.   Hypertonic saline 3% to 7% versus isotonic saline in acute lung disease

Outcome or subgroup
title

No. of studies No. of partici-
pants

Statistical method Effect size

1 Change in FEV1 from

baseline (% predicted)

1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

1.1 At day 7 1 130 Mean Difference (IV, Fixed, 95% CI) 3.95 [-16.69, 24.59]

1.2 At day 10 1 99 Mean Difference (IV, Fixed, 95% CI) -2.70 [-24.69, 19.29]

1.3 At discharge 1 130 Mean Difference (IV, Fixed, 95% CI) 5.10 [-14.67, 24.87]

2 Change in FVC from
baseline (% predicted)

1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

2.1 At day 7 1 130 Mean Difference (IV, Fixed, 95% CI) 1.10 [-5.74, 7.94]

2.2 At day 10 1 99 Mean Difference (IV, Fixed, 95% CI) 7.90 [-1.86, 17.66]

2.3 At discharge 1 130 Mean Difference (IV, Fixed, 95% CI) 6.10 [-0.68, 12.88]

3 Shuttle walk test 1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

3.1 At day 7 1 132 Mean Difference (IV, Fixed, 95% CI) 46.0 [-14.81, 106.81]

 
 

Analysis 2.1.   Comparison 2 Hypertonic saline 3% to 7% versus isotonic saline
in acute lung disease, Outcome 1 Change in FEV1 from baseline (% predicted).

Study or subgroup Hypertonic saline Isotonic saline Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

2.1.1 At day 7  

Dentice 2016 66 32 (62.8) 64 28 (57.2) 100% 3.95[-16.69,24.59]

Subtotal *** 66   64   100% 3.95[-16.69,24.59]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.38(P=0.71)  

   

2.1.2 At day 10  

Dentice 2016 49 27.6 (47.6) 50 30.3 (63.1) 100% -2.7[-24.69,19.29]

Subtotal *** 49   50   100% -2.7[-24.69,19.29]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.24(P=0.81)  

   

2.1.3 At discharge  

Dentice 2016 66 37.4 (58) 64 32.3 (57) 100% 5.1[-14.67,24.87]

Subtotal *** 66   64   100% 5.1[-14.67,24.87]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.51(P=0.61)  

Favours HS 10050-100 -50 0 Favours IS
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Analysis 2.2.   Comparison 2 Hypertonic saline 3% to 7% versus isotonic saline
in acute lung disease, Outcome 2 Change in FVC from baseline (% predicted).

Study or subgroup Hypertonic saline Isotonic saline Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

2.2.1 At day 7  

Dentice 2016 66 18.2 (23.5) 64 17.1 (15.6) 100% 1.1[-5.74,7.94]

Subtotal *** 66   64   100% 1.1[-5.74,7.94]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.32(P=0.75)  

   

2.2.2 At day 10  

Dentice 2016 49 19.7 (22.6) 50 11.8 (26.8) 100% 7.9[-1.86,17.66]

Subtotal *** 49   50   100% 7.9[-1.86,17.66]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=1.59(P=0.11)  

   

2.2.3 At discharge  

Dentice 2016 66 25.2 (22.2) 64 19.1 (17) 100% 6.1[-0.68,12.88]

Subtotal *** 66   64   100% 6.1[-0.68,12.88]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=1.76(P=0.08)  

Favours HS 2010-20 -10 0 Favours IS

 
 

Analysis 2.3.   Comparison 2 Hypertonic saline 3% to 7% versus
isotonic saline in acute lung disease, Outcome 3 Shuttle walk test.

Study or subgroup Hypertonic saline Isotonic saline Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

2.3.1 At day 7  

Dentice 2016 67 166 (138) 65 120 (210) 100% 46[-14.81,106.81]

Subtotal *** 67   65   100% 46[-14.81,106.81]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.48(P=0.14)  

Favours HS 10050-100 -50 0 Favours IS

 
 

Comparison 3.   Hypertonic saline versus rhDNase

Outcome or subgroup ti-
tle

No. of studies No. of partici-
pants

Statistical method Effect size

1 Change in FEV1 (% pre-

dicted)

2   Treatment difference (Fixed, 95% CI) Totals not selected

1.1 At 3 weeks 1   Treatment difference (Fixed, 95% CI) 0.0 [0.0, 0.0]

1.2 At 3 months 1   Treatment difference (Fixed, 95% CI) 0.0 [0.0, 0.0]

2 Improvement in FEV1
>10%

2   Odds Ratio (Fixed, 95% CI) Totals not selected
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Outcome or subgroup ti-
tle

No. of studies No. of partici-
pants

Statistical method Effect size

2.1 At 3 weeks 1   Odds Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]

2.2 At 3 months 1   Odds Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]

3 Change in FVC (% pre-
dicted)

1   Treatment difference (Fixed, 95% CI) Totals not selected

3.1 At 3 months 1   Treatment difference (Fixed, 95% CI) 0.0 [0.0, 0.0]

4 Exercise tolerance - oxy-
gen saturation

1   Treatment difference (Fixed, 95% CI) Totals not selected

4.1 At 3 months 1   Treatment difference (Fixed, 95% CI) 0.0 [0.0, 0.0]

5 Exercise tolerance - VAS
for breathlessness

1   Treatment difference (Fixed, 95% CI) Totals not selected

5.1 At 3 months 1   Treatment difference (Fixed, 95% CI) 0.0 [0.0, 0.0]

6 Exercise tolerance - FCS 1   Treatment difference (Fixed, 95% CI) Totals not selected

6.1 At 3 months 1   Treatment difference (Fixed, 95% CI) 0.0 [0.0, 0.0]

7 Mean percentage change
in quality of life score

1   Treatment difference (Fixed, 95% CI) Totals not selected

7.1 At 3 months 1   Treatment difference (Fixed, 95% CI) 0.0 [0.0, 0.0]

8 Delivery time (minutes) 1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

 
 

Analysis 3.1.   Comparison 3 Hypertonic saline versus rhDNase, Outcome 1 Change in FEV1 (% predicted).

Study or subgroup Hyperton-
ic saline

DNase Treatment
difference

Treatment difference Treatment difference

  N N (SE) IV, Fixed, 95% CI IV, Fixed, 95% CI

3.1.1 At 3 weeks  

Ballmann 1998 14 14 1.6 (4.88) 1.6[-7.96,11.16]

   

3.1.2 At 3 months  

Suri 2001 48 48 8 (3.06) 8[2,14]

Favours HS 2010-20 -10 0 Favours rhDNase

 
 

Analysis 3.2.   Comparison 3 Hypertonic saline versus rhDNase, Outcome 2 Improvement in FEV1 >10%.

Study or subgroup HS DNase log[Odds Ratio] Odds Ratio Odds Ratio

  N N (SE) IV, Fixed, 95% CI IV, Fixed, 95% CI

3.2.1 At 3 weeks  

Favours DNase 100.1 50.2 20.5 1 Favours HS
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Study or subgroup HS DNase log[Odds Ratio] Odds Ratio Odds Ratio

  N N (SE) IV, Fixed, 95% CI IV, Fixed, 95% CI

Ballmann 1998 1 1 0 (0.707) 1[0.25,4]

   

3.2.2 At 3 months  

Suri 2001 1 1 -1 (0.526) 0.38[0.14,1.08]

Favours DNase 100.1 50.2 20.5 1 Favours HS

 
 

Analysis 3.3.   Comparison 3 Hypertonic saline versus rhDNase, Outcome 3 Change in FVC (% predicted).

Study or subgroup Treatment Control Treatment
difference

Treatment difference Treatment difference

  N N (SE) IV, Fixed, 95% CI IV, Fixed, 95% CI

3.3.1 At 3 months  

Suri 2001 1 1 0 (0.046) 0.03[-0.06,0.12]

Favours HS 0.50.25-0.5 -0.25 0 Favours rhDNase

 
 

Analysis 3.4.   Comparison 3 Hypertonic saline versus rhDNase, Outcome 4 Exercise tolerance - oxygen saturation.

Study or subgroup rhDNase Hyperton-
ic saline

Treatment
difference

Treatment difference Treatment difference

  N N (SE) IV, Fixed, 95% CI IV, Fixed, 95% CI

3.4.1 At 3 months  

Suri 2001 1 1 -0.1 (0.454) -0.06[-0.95,0.83]

Favours HS 10.5-1 -0.5 0 Favours rhDNase

 
 

Analysis 3.5.   Comparison 3 Hypertonic saline versus rhDNase,
Outcome 5 Exercise tolerance - VAS for breathlessness.

Study or subgroup rhDNase HS Treatment
difference

Treatment difference Treatment difference

  N N (SE) IV, Fixed, 95% CI IV, Fixed, 95% CI

3.5.1 At 3 months  

Suri 2001 1 1 0.4 (0.276) 0.38[-0.16,0.92]

Favours rhDNase 10.5-1 -0.5 0 Favours HS

 
 

Analysis 3.6.   Comparison 3 Hypertonic saline versus rhDNase, Outcome 6 Exercise tolerance - FCS.

Study or subgroup rhDNase HS Treatment
difference

Treatment difference Treatment difference

  N N (SE) IV, Fixed, 95% CI IV, Fixed, 95% CI

3.6.1 At 3 months  

Suri 2001 1 1 -0 (0.199) -0.05[-0.44,0.34]

Favours rhDNase 0.50.25-0.5 -0.25 0 Favours HS
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Analysis 3.7.   Comparison 3 Hypertonic saline versus rhDNase,
Outcome 7 Mean percentage change in quality of life score.

Study or subgroup rhDNase HS Treatment
difference

Treatment difference Treatment difference

  N N (SE) IV, Fixed, 95% CI IV, Fixed, 95% CI

3.7.1 At 3 months  

Suri 2001 1 1 0 (0.021) 0.03[-0.01,0.07]

Favours HS 0.50.25-0.5 -0.25 0 Favours rhDNase

 
 

Analysis 3.8.   Comparison 3 Hypertonic saline versus rhDNase, Outcome 8 Delivery time (minutes).

Study or subgroup rhDNase Hypertonic saline Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

Ballmann 1998 14 11 (6) 14 42 (11) -31[-37.56,-24.44]

Favours HS 10050-100 -50 0 Favours rhDNase

 
 

Comparison 4.   Hypertonic saline versus mannitol

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Delivery time (mins) 1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

 
 

Analysis 4.1.   Comparison 4 Hypertonic saline versus mannitol, Outcome 1 Delivery time (mins).

Study or subgroup Hypertonic saline Mannitol Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

Robinson 1999 12 6.2 (1.2) 12 12.3 (1.8) -6.1[-7.32,-4.88]

Favours HS 105-10 -5 0 Favours mannitol

 

 

A P P E N D I C E S

Appendix 1. Electronic Searches

 

Database or Resource Strategy

Clinicaltrials.gov [Advanced Search Form]

Other Terms: hypertonic

Study Type: Interventional Studies

Condition/ Disease: cystic fibrosis

 

Nebulised hypertonic saline for cystic fibrosis (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

94



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

WHO ICTRP cystic fibrosis AND hypertonic

  (Continued)

 

W H A T ' S   N E W

 

Date Event Description

11 September 2018 New search has been performed A major update of the review was conducted with 90 new refer-
ences identified from searches of the Cochrane Cystic Fibrosis
and Genetic Disorders Trials Register, clinicaltrials.gov and the
WHO ICTRP.

New trials

Five important new trials (24 references) have been included
(Amin 2010; Dentice 2016; Laube 2009; Mainz 2015; Rosenfeld
2012). This increased the number of participants in the trial from
442 to 966.

Nine new trials (27 references) have also been excluded
(Brivio 2016; Buonpensiero 2010; DeCono 2008; Dentice
2012; EUCTR2007-002707-40-BE; Grasemann 2013; IRC-
T20180307038994N1; NCT01094704; O'Neill 2017; Ros 2012; San
Miguel 2016; Van Ginderdeuren 2008; Van Ginderdeuren 2011).

16 newly identified trials (21 references) are currently await-
ing assessment until further information is available to allow
inclusion or exclusion (Amin 2016; Balinotti 2015; Brown 2010;
Corcoran 2017; Donaldson 2013; Dwyer 2013; Hofmann 1997;
NCT00928135; NCT01355796; NCT01377792; NCT01619657;
NCT02378467; NCT03391414; Nenna 2017; Palacio 2014; PRESIS
2018).

Three new trials (four references) are listed as ongoing
(NCT02276898; NCT02343445; NCT02950883).

Previously identified trials

11 additional references have been added to five already includ-
ed trials (Elkins 2006a; Eng 1996; Robinson 1997; Robinson 1999;
Weller 1980).

One additional reference has been added to an already excluded
trial (Donaldson 2006).

Two trials (two references) which were previously listed as
'Awaiting classification' have been excluded (Elkins 2006b; Van-
laethem 2008). An additional reference to the Elkins trial was
identified in the latest searches.

One trial (one reference) previously excluded has been moved to
'Awaiting classification' pending further information (Hofmann
1997).

11 September 2018 New citation required and conclusions
have changed

The conclusions have been amended in light of the new evi-
dence. The addition of new data has allowed us to conclude that
hypertonic saline appears to be an effective adjunct to physio-
therapy during acute exacerbations of lung disease in adults.
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H I S T O R Y

Protocol first published: Issue 3, 1998
Review first published: Issue 2, 1999

 

Date Event Description

26 April 2010 Amended Contact details updated.

31 December 2008 New citation required and conclusions
have changed

A large multi-centre trial has been included in the review, result-
ing in the conclusions being updated (Elkins 2006a).

31 December 2008 New search has been performed A search of the Group's trials register identified two new eligible
trials (Cardinale 2003; Elkins 2006a). These trials have now been
included in the review. A trial previously listed in Studies await-
ing classification has now been included in the review (Adde
2004).

Two studies identified by the searches have now been excluded
from the review (Donaldson 2006; Kobylyansky 2000).

A further reference to the already included Suri trial has been
added (Suri 2001).

Two trials have been added to Studies awaiting classification
(Elkins 2006b; Vanlaethem 2008).

12 November 2008 Amended Converted to new review format.

2 May 2005 New citation required but conclusions
have not changed

No new trials have been included. One trial is currently await-
ing assessment (Adde 2004). Individual patient data have kindly
been provided by Dr Adde and will be included in a future update
of the review.

Further data have been included for the Suri trial (Suri 2001).

The layout of the analysis has been changed from the previous
updates to ensure clarity for the reader.

2 October 2003 New search has been performed Six additional references to the already included Suri trial have
been added (Suri 2001). This did not add greatly to the data al-
ready present. Two of the references looked at the cost of treat-
ment with HS and rhDNase and additional data has been added.
One other reference looked at the effect of rhDNase and HS on
airway inflammation and the data has now been included.
The other references did not add to the data already presented.

One additional reference to the already included Ballmann trial
has been added (Ballmann 1998). No additional data has been
included in the review.

One additional reference to the already included Riedler trial has
been added (Riedler 1996). No additional data has been included
in the review.

3 November 2002 New search has been performed An additional trial was found and incorporated in the review
(Suri 2001). This was a relatively large clinical trial comparing
hypertonic saline and rhDNase. Significant changes have been
made to the review.
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Date Event Description

3 November 2001 New search has been performed With this update significant changes to style were made particu-
larly in the order of the outcomes and the presentation of the re-
sults.

The Suri trial was added and this contained a large amount of
additional information particularly concerning the effect of hy-
pertonic saline versus DNase on lung function (Suri 2001).
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

Update 2017
The updated review now includes FEV0.5 and the lung clearance index (LCI) which were both added as additional outcomes. We also added

the outcome of duration of hospital stay due to pulmonary exacerbations and bacteriology. We feel these new outcomes are useful and
of interest to clinicians and patients alike.

We have removed the outcome FEF25-75 from the review, since this outcome is not deemed clinically important in this population and is

not a reliable measure of lung function. We have also removed the outcome of exhaled nitric oxide as we do not think this is an important
outcome for people with CF.

Summary of findings tables have been added to the review.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Administration, Inhalation;  Controlled Clinical Trials as Topic;  Cystic Fibrosis  [*drug therapy];  Forced Expiratory Volume;  Mucociliary
Clearance;  Nebulizers and Vaporizers;  Randomized Controlled Trials as Topic;  Saline Solution, Hypertonic  [administration & dosage]
 [*therapeutic use]
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MeSH check words

Humans
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