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Introduction
Mucociliary clearance is one of the defense mech-
anisms of the respiratory system. Its efficacy 
depends on a number of factors, including the 
efficacy of cough and ciliary activity, the rheologi-
cal properties of the mucus, and the volume of the 
epithelial lining fluid.1,2 In patients with cystic 
fibrosis (CF), mutations in the gene encoding the 
cystic fibrosis transmembrane conductance regu-
lator (CFTR) result in an altered protein, which 
leads to increased sodium absorption and 
decreased chlorine secretion in the respiratory 
tract. Consequently, the secretions produced are 
thick and dehydrated, which hinders mucociliary 
clearance and the elimination of bacteria.3–6 This 
can lead to chronic obstruction, infection, and 
inflammation that progressively damages the lung.

In non-CF bronchiectasis, the bronchial dilata-
tions that characterize this disease make mucocili-
ary clearance difficult, contributing to the vicious 
circle of infection and inflammation. Patients 

usually present with mucus hypersecretion that 
obstructs the airways, increases their resistance, 
promotes air entrapment, increases the residual 
volume, and decreases exercise tolerance. In addi-
tion, poorly ventilated areas of the lung produce 
an alteration of ventilation-perfusion, causing 
hypoxemia.7 All these effects contribute to mor-
bidity and mortality in bronchiectasis patients.

For this reason, one of the main objectives of the 
treatment of patients with airway obstruction due 
to respiratory secretions and chronic bronchial 
infection, along with antibiotic treatment and 
chronic treatment with macrolides, is to reduce 
the production of respiratory secretions and pro-
mote their clearance.

The efficacy and safety of hypertonic saline (HS) 
in CF is well established.7–9 HS inhalation twice a 
day in these patients reduces exacerbations and 
improves lung function and quality of life (QoL).8,10 
For this reason, for more than a decade, Unites 
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States (US) guidelines have been recommending 
the use of HS as a chronic therapy for the treat-
ment of CF,11 and a high percentage of CF patients 
use it routinely, not only in the US, but also in 
Europe.12,13 In addition, it has been shown that HS 
could be useful as an adjuvant to physiotherapy in 
the treatment of exacerbations.10 However, the 
properties of the mucus in CF patients are differ-
ent from those of patients with bronchiectasis or 
chronic bronchitis, which could, in part, explain 
the difference in the efficacy of the treatments and 
clinical evolution of these diseases. The available 
evidence of the efficacy of HS in other chronic res-
piratory diseases, such as bronchiectasis, ciliary 
dyskinesia, or chronic obstructive pulmonary dis-
ease (COPD) is much lower than in CF, and, in 
fact, has often been contradictory.14–18

Hypertonic saline

Recommendations of international guidelines
Recommendations for the use of HS in bronchi-
ectasis, collected in international guidelines, have 
derived mostly from the effectiveness and safety 
demonstrated in CF.19–25 As shown in Table 1, 
European guidelines recommend the use of HS 
before physiotherapy with the aim of reducing 
sputum viscosity and facilitating expectoration 
and expulsion of mucus.23 Some, like the 
Australian or Spanish guidelines, recommend 
HS, among other indications, in patients with fre-
quent exacerbations.21,24 Both the Saudi and the 
British guidelines recommend isotonic saline and 
HS.22,25 Most guidelines recommend that patients 
use a bronchodilator before HS.

Mechanism of action
The inhalation of HS improves mucociliary clear-
ance through mechanisms that are not fully 
understood, and which derive mainly from the 
experience in CF patients. One theory supporting 
this is that HS increases the osmotic gradient of 
water to the bronchial surface, rehydrating and 
increasing the volume of the epithelial lining fluid 
and decreasing the volume of the bronchial epi-
thelial cells.26 In this manner, HS would facilitate 
the transport and expulsion of the mucus.27,28

The pharmacodynamic efficacy of HS on muco-
ciliary clearance in CF patients increases with its 
continuous use.29 A single dose of HS may have a 
longer duration in CF than in healthy subjects.30 

Donaldson and colleagues suggested that the 
large volume of dehydrated secretions in the air-
ways in CF patients can function as a reservoir to 
induce the transport of water by HS to the lumi-
nal compartment.29 The creation of this water 
deposit in the mucus layer could prevent its rapid 
resorption of the epithelial surface. This may 
explain why the duration of the effects of HS, and 
perhaps its efficacy, may depend on the severity 
of the patient’s respiratory disease and the amount 
of mucus, with greater effects in patients with 
more severe lung involvement, and lower effects 
in those with a milder affectation.31,32

In addition to improvement of mucociliary clear-
ance, some studies have shown that HS decreases 
mucus viscosity,33,34 stimulates cough,9,35 
enhances the effectiveness of respiratory physio-
therapy in both CF and bronchiectasis 
patients,14,15,27 accelerates mucociliary clearance 
via electrostatic interactions with mucins,36 or 
inhibits epithelial sodium channels (ENaC).31 
Using human bronchial epithelial cells, Goralsi 
and colleagues speculated that sodium transport 
would modify the magnitude of HS-induced air-
way surface liquid volume expansion immedi-
ately after initiation of HS administration. As 
compared with HS alone, coadministration of an 
ENaC blocker produced a more rapid and sus-
tained airway surface liquid response during 
nebulization.31

The possible anti-inflammatory effects of HS have 
been investigated, with inconclusive results.31,37–39 
Thus, in a 48-week study conducted in CF 
patients treated with HS, Elkins and colleagues 
found no differences in cytokine levels, proinflam-
matory cytokines (IL-6, IL-8, IL-10), and tumor 
necrosis factor alpha (TNFα) in the sputum of 
patients at the beginning and end of the study.8 
Also, a study by Aitken and colleagues did not 
find a decrease in IL-8 concentrations in spu-
tum.40 In this latter study, the concentration of 
IL-8 and neutrophils was measured at five differ-
ent times in the first 20 min after inhalation of HS. 
Although the percentage of neutrophils decreased, 
the concentrations of IL-8 remained stable.40 In 
contrast, Reeves and colleagues concluded that 
HS decreases the concentration of IL-8 in the 
sputum of patients with CF, favoring the reduc-
tion of inflammation in the lower airways.41 Other 
research groups have described additional mecha-
nisms that could explain the efficacy of HS, which 
include the activation of antimicrobial peptides or 
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the inhibition of Pseudomonas aeruginosa growth 
due to an antimicrobial effect.42,43

Studies in chronic bronchitis suggest that altera-
tion of the factors that control mucus concentra-
tion (such as mucin secretion and hydration of the 
extracellular matrix) can slow mucociliary 

clearance and contribute to pathogenesis and loss 
of lung function.44 Other studies have shown that 
the inhalation of HS also accelerates mucociliary 
clearance in healthy subjects and in those with 
other chronic diseases,45,46 as well as enhancing 
the effectiveness of respiratory physiotherapy.14 
Along these lines, the results of an in vitro study by 

Table 1. Recommendations on the use of HS in international guidelines on bronchiectasis.

Bronchiectasis guidelines
country/first author

 

Spain/Vendrell19 -  HS could be beneficial to maintain hydration; HS must be nebulized.

UK/Pasteur20 -  Inhalation of HS should be considered before physiotherapy with the aim 
of reducing sputum viscosity and facilitating expectoration and expulsion 
of mucus.

-  FEV1 or PEF before inhalation and 5 min after inhalation should be 
measured on first use to ensure there is no bronchoconstriction.

-  Patients with bronchial hyperresponsiveness should use a bronchodilator 
first.

Australia/Chang21 -  Routine use of HS is not recommended.
-  Use of HS could be considered in adults and children with recurrent 

exacerbations.

Saudi Arabia/Al-Jahdali22 -  Nebulization with saline solutions (isotonic or hypertonic) can be useful to 
facilitate expectoration and decrease mucus viscosity.

-  Physicians should be aware of hyperresponsiveness to HS in 
approximately 12% of patients.

Europe/Polverino23 -  Long term (⩾3 months) mucoactive agents (mucolytics and hyperosmolar 
substances) should be considered in patients with difficulty to 
expectorate, poor QoL, and in those who have failed physiotherapy 
techniques for the control of symptoms.

Spain/Martínez-García24 -  HS is recommended in patients with expectoration of >10 ml per day or 
with ⩾2 exacerbations per year despite a correct baseline treatment.

-  It is recommended to inhale 5 ml of HS at a concentration of 6 or 7%, once 
or twice a day for at least 3 months to check its effects

-  Inhalation of HS facilitates bronchial drainage, decreases viscosity, 
improves FEV1, QoL and reduces exacerbations and antibiotic 
consumption.

-  In patients who do not tolerate HS, the formulation with added HA is 
an alternative to be evaluated or, in its absence, a more isotonic saline 
solution (dilution with 0.9% saline solution or testing concentrations of HS 
at lower concentration, such as 3%).

-  The greatest benefit of HS is obtained when its use is preceded by a 
bronchodilator and followed by respiratory physiotherapy.

-  Because HS can produce bronchospasm, dyspnea, or cough, the first 
dose should be supervised and after bronchodilation.

UK/Hill25 -  Both isotonic and hypertonic saline solutions, added to respiratory 
physiotherapy, can improve patient QoL.

-  A bronchodilator should be used in patients with potential hyperreactivity 
(asthma or positive bronchodilator test).

FEV1, forced expiratory volume in 1 s; HA, hyaluronic acid; HS, hypertonic saline; PEF, peak expiratory flow; QoL, 
quality of life.
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Goralski and colleagues showed that HS nebuliza-
tion produced a rapid increase in the weight of the 
epithelial lining fluid that paralleled a decrease in 
the weight of the bronchial epithelium cells,31 sug-
gesting that water flows from the epithelial cells to 
the lining fluid by osmosis, as in CF. However, it 
is unknown if this stimulation of mucus transport 
is effective in reducing bronchial obstruction and 
exacerbations in patients without CF.

Although the mechanism of HS in bronchiectasis 
patients is not well understood, in these patients 
the sodium and chloride concentrations are below 
the optimum for mucociliary transport, as sug-
gested by Wills.33 Retained mucus favors infec-
tion, which ultimately causes the vicious cycle of 
events leading to chronic lung inflammation. HS 
could possibly increase the salinity of the retained 
secretions, particularly the gel surface, where 
improved effectiveness of interactions with cilia 
could result in increased mucociliary clearance.33

Other facets of HS: concentration and volume
The optimal salt concentration of HS has not 
been clearly established. Although the effect 
appears to be dose-dependent (as higher salt con-
centrations increase the amount of expectorated 
sputum), adverse events also increase. A salt con-
centration of 12% is at the higher limit of patient 
tolerability,27 but the most commonly used con-
centrations are 6%16 or 7%.8,15,29

The volume of HS that is usually used ranges 
from 4 ml to 5 ml. 8,15,16,29 In most studies, HS is 
used twice a day,8,16 although in other works HS 
is nebulized once a day,14,15 or four times a day.29 
Regarding the nebulization system, the most 
commonly used system is the jet type.8,47

Clinical studies of HS in bronchiectasis

Study design
Only three randomized clinical trials have studied 
the use of HS in bronchiectasis, with a total of less 
than 100 patients (Table 2). They present marked 
differences in design, patient inclusion and exclu-
sion criteria, severity of respiratory disease, posol-
ogy of HS, and nebulizers used.14–16 The quality of 
evidence obtained in patients with bronchiectasis 
has been rated as moderate by the Cochrane 
Collaboration in 2014.48 Generally, the introduc-
tion of various treatment-related variables in these 

studies, such as physiotherapy,14 or the use of 
bronchodilators make interpretation of the effi-
cacy of HS difficult.14–16

In a single-center, randomized, double-blind, 
crossover study, Kellet and colleagues compared 
four treatment regimes in 24 bronchiectasis 
patients for 4 weeks separated by one washout 
week.14 Treatment regimens included active cycles 
of breathing techniques (ACBT) alone, nebulized 
terbutaline followed by ACBT, nebulized terbuta-
line followed by nebulization of one dose of 0.9% 
isotonic saline (IS) and then ACBT, and nebu-
lized terbutaline followed by nebulization of one 
dose of the HS and then ACBT. The patients 
received only one type of treatment per week dur-
ing the 4 weeks of the study in order to complete 
the four treatment schemes. The study focused on 
the results of a single dose of saline solutions. 
Patients were included in the study if they had dif-
ficulty in expectorating viscous and sticky sputum, 
and if they had required at least one cycle of anti-
biotics in the previous 6 months. Patients with a 
previous history of ‘thoracic tightness,’ wheezing 
or dyspnoea, or a drop in forced expiratory vol-
ume in 1 s (FEV1) of more than 10% after inhala-
tion of HS were excluded from the study. No 
patients were excluded due to decreased lung 
function after inhalation of HS.14

A second, single-center, randomized, single-
blind, crossover study from the same research 
group analyzed 30 patients over a period of 
8 months.15 Of these patients, 28 met the inclu-
sion and exclusion criteria and completed the 
study, which compared a treatment daily regimen 
of 4 ml of IS with 4 ml of 7% HS. After 1 month of 
screening, patients were randomized to receive 
7% HS or IS for 3 months. After a 1-month wash-
out period, patients were crossed over to receive 
another treatment cycle (HS or IS) for another 
3 months, ending the study with a further 1 month 
of follow up without treatment. The inclusion cri-
teria stated that the decrease in FEV1 after HS 
inhalation in the screening period should 
be > 10%; exclusion criteria included any seri-
ous medical condition that discouraged the use of 
HS, or a history of bronchial hyperreactivity. Two 
patients had a decrease in FEV1 of at least 10% 
after inhalation of HS in the screening period, so 
they were excluded from the trial.15

In a single-center, randomized, double-blind, 
parallel group study of 12 months duration and 
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48 patients, Nicolson and colleagues compared 
treatment of 5 ml twice-daily IS versus 6% HS.16 
Each treatment arm had 20 patients, and the 
inclusion criteria stated that patients were able to 
expectorate daily, and that they had had at least 
two exacerbations per year that required antibiot-
ics during the previous 2 years. Exclusion criteria 
included a decrease in FEV1 ⩾ 15% of predicted 
value after inhalation of HS, and having a FEV1 
of <1 L. Of the 48 patients screened, 8 were 
excluded before randomization: 1 due to a 
decrease in FEV1 ⩾ 15% of predicted value after 
HS inhalation, 3 due to FEV1 < 1 L, and 4 due to 
refusing to enter the study.16

In a single-center, randomized, controlled, double-
blind, crossover study, Paff and colleagues compared 
regimens of 5 ml twice-daily IS versus 7% HS in 
patients with ciliary dyskinesia over 28 weeks.17 Of 
the 86 patients screened, 22 met the criteria to par-
ticipate in the study. Patients were randomized to 
receive 7% HS or IS for 3 months and, after a wash-
out period of 4 weeks, were crossed to receive another 
cycle of treatment (HS or IS) for another 3 months. 
Inclusion criteria included a postbronchodilation 
FEV1 ⩾ 40% of predicted value; exclusion criteria 
included a decrease in FEV1 ⩾ 15% of predicted 
value over the prebronchodilator value after 15 min 
of inhalation of HS with quinine, or decrease in arte-
rial oxygen saturation <90% after inhalation.17

Lung function
No significant differences in FEV1 (% of predicted 
values) and FVC (% of predicted values) between 
IS and HS were found in the initial work of Kellett 
and colleagues.14 Patients inhaled the solutions 
only once in each phase of the treatment so it was 
uncertain if any differences could be detected.14 In 
a study published in 2011, these authors found 
clinically and statistically significant differences in 
favor of HS in the FEV1 and FVC percentages 
with respect to baseline in the two treatment 
phases (FEV1 improved 15.1 with HS versus 1.8 
with IS). However, they did not find these differ-
ences in absolute FEV1.15 In contrast, Nicolson 
and colleagues found no significant differences in 
absolute FEV1 and absolute FVC between HS 
and IS after 3, 6, or 12 months. Also, there were 
no differences with respect to baseline in any 
group at 12 months.16 Paff and colleagues did not 
find differences in FEV1 or FVC between the 
groups.17 The differences in the spirometry param-
eters between the groups could be explained 

because the patients in the Kellett study [baseline 
FEV1, mean % predicted (SD) = 66.4 (26.1)] had 
worse pulmonary function than patients in the 
studies of Nicolson and colleagues [baseline FEV1, 
mean % predicted (SD) = 80.4 (21.1) for the 
group treated with IS and 84.8 (20.5) for the 
group treated with HS], or Paff and colleagues 
[baseline FEV1, median % predicted (IQR) = 75.5 
(58.8–94.5)] studies, and, in these patients, it is 
more difficult to observe improvements.

Quality of life
The differences in QoL between groups treated 
with IS and HS were analysed by two studies 
using the St. George Respiratory Questionnaire 
(SGRQ).15,16 In addition, the study by Nicolson 
and colleagues also used the Leicester Cough 
Questionnaire (LCQ), with incongruent results.16

Using the SGRQ, Kellett and colleagues reported 
a significant benefit of HS over IS in its overall 
score, and in the symptoms and impact domains 
of the disease, but not in the activity domain.15 
Nicolson and colleagues found no differences 
between the HS and IS groups in the SGRQ in 
the domains of activity, impact, and symptoms at 
3, 6, and 12 months of the study, but did not 
report data regarding the total value of the SGRQ. 
In the same study, no significant differences were 
found between both saline solutions in the physi-
cal or social domain of the LCQ at 3, 6, and 
12 months. In the psychological domain at 6 and 
12 months there were no differences, although 
there was a slight, but significant, difference, at 
3 months in favor of HS. No data were reported 
regarding the total score of the LCQ. However, 
QoL improved significantly with respect to base-
line with both saline solutions in all the SGRQ 
and LCQ domains at 3, 6, and 12 months.16

The study by Paff and colleagues did not find sig-
nificant differences in the median of the total 
SGRQ score between the HS and IS groups. In the 
Bronchiectasis Quality of Life Questionnaire 
(QoL-B), the study found clinically and statisti-
cally significant differences in favor of HS in the 
health perception dimension. In the dimensions of 
respiratory symptoms and vitality, the differences 
were also clinically meaningful in favor of HS, but 
not statistically significant. In contrast, changes in 
role limitation were statistically significant, but did 
not reach the minimum clinically important differ-
ence. Patients presented a slight, but significant, 
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improvement in the perception of pain intensity, as 
measured by the modified visual analogue scale of 
lower respiratory tract infections (LRTI-VAS) 
while treated with HS versus IS.17

There are several explanations for the differences 
in QoL among the three studies, such as the differ-
ent methodology and population studied (bronchi-
ectasis in the studies by Kellett and colleagues, and 
Nicolson and colleagues, ciliary dyskinesia in Paff’s 
study, or different severity of patients with respect 
to lung function and exacerbations), the small size 
of the patient populations studied, or the short 
duration of the trials. In addition, the QoL ques-
tionnaires used in the study of patients with ciliary 
dyskinesia may not be sensitive enough to assess 
improvements in the QoL of these patients, who 
also tend to have upper airway symptoms that 
would not necessarily improve with the HS used 
by aerosolized route with a buccal interface. And, 
finally, it is possible that HS was useful in some 
types of patients with bronchiectasis but not in 
patients with ciliary dyskinesia.49

Exacerbations and use of antibiotics
Kellett and colleagues showed a significant differ-
ence in favor of HS over IS in reducing the fre-
quency of exacerbations (2.14 exacerbations/year 
in the HS group compared with 4.85 in the IS 
group). There was also a reduction in the use of 
antibiotics in favor of the group treated with HS: 
2.4 cycles per year versus 5.4 cycles of antibiotics 
per year in the IS group.15

On the contrary, Nicolson and colleagues did not 
find differences between both groups in the fre-
quency of annual exacerbations, exacerbations 
that required antibiotics, number of days with 
exacerbation, or number of days with exacerba-
tion that required antibiotics. The median num-
ber of exacerbations requiring antibiotics was 1 
for the HS group and 0.5 for the IS group. 
However, in both groups the frequency of exacer-
bations with respect to the year prior to the study 
was significantly reduced.15

The differences between the studies of Nicolson and 
colleagues and Kellett and colleagues regarding 
exacerbations and QoL could be explained by sev-
eral factors. The data obtained by Nicolson and col-
leagues regarding the exacerbations that the patients 
had the previous year were collected retrospectively, 
which could entail some degree of error. In addition, 

it is possible that the very large decrease in the fre-
quency of exacerbations in the year of the study with 
respect to the previous year could be explained, at 
least in part, by the positive implications in adher-
ence to treatment that any study entails. Finally, in 
the study by Kellett and colleagues, unlike that of 
Nicolson and colleagues, patients were not selected 
according to the number of exacerbations.

In the study by Paff and colleagues, no differences 
were found regarding the number of exacerba-
tions in the two phases of treatment with HS.17

Hospital admissions
The only work that studied hospital admissions 
was that of Nicolson and colleagues, who showed 
that there were no significant differences between 
the group treated with HS and the group treated 
with IS with respect to the number of hospital 
admissions and days of hospital stay. Four of the 
participants in the study (10%) had to be hospi-
talized, one in the group treated with HS for 
68 days, and three in the group treated with IS for 
3, 5, and 61 days, respectively.16

Cough and expectoration
Both solutions, added to respiratory physiother-
apy, were better than physiotherapy alone to facil-
itate expectoration,14,15 reduce sputum viscosity, 
and increase the amount of expectorated 
 sputum.14 However, there were no differences 
between groups with respect to the frequency of 
cough at 3, 6, and 12 months.16

Microbiology
This aspect was contemplated only in the work of 
Nicolson and colleagues. The percentage of 
patients with potentially pathogenic microorgan-
isms in the sputum samples decreased from 55% 
and 60% at the beginning of the study in the HS 
and IS groups, respectively, to 15% at the end of 
the study in both groups. This decrease was sta-
tistically significant with respect to the baseline 
situation, although there were no significant dif-
ferences between the two.16

Inflammatory markers
The study by Paff and colleagues analyzed inflam-
matory markers but did not observe any change 
after the treatment with HS.17
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Adverse events
In most of the studies, patients with suspected or 
confirmation of nontolerance to HS were 
excluded,15,16 so the number of adverse events 
caused by HS would have to be lower than 
expected in the general population of patients 
with bronchiectasis. There were no deaths in any 
of the trials.

In the study by Kellett and colleagues, no patients 
were excluded for initial intolerance to HS or 
 significant reduction in FEV1 following HS inha-
lation. In the 2011 study, 2 out of 32 patients 
were excluded for initial intolerance to HS. No 
adverse events in either of the two trials were 
reported, and no patient had to leave the study as 
a consequence of the treatment.14,15 In the study 
by Nicolson and colleagues, 1 patient out of 48 in 
the initial screening was excluded because for 
significant reduction in FEV1 following HS inha-
lation. There were three adverse effects in the HS 
group. One patient had ‘tightness in the chest’ 
during the inhalation that resolved with treat-
ment of the underlying exacerbation; another 
had an episode of hypertension that resolved 
spontaneously. Both cases were considered unre-
lated to the treatment and continued the study. 
The third patient had an episode of atrial fibrilla-
tion, and treatment with HS was discontinued. 
There were no adverse events in the IS group. 
The differences in adverse events between the 
two groups were not significant.16

In the study by Paff and colleagues, three patients 
left the study: two from the HS group due to 
bronchoconstriction and intolerance to salbuta-
mol, and one on treatment with IS for nausea.17

HS and hyaluronic acid

Hyaluronic acid
Hyaluronic acid (HA) is a glycosaminoglycan 
with an important role in the regulation of the 
fluid balance in the interstitial space through its 
capacity to imbibe water, as has been observed in 
the lungs of people and animals, facilitating venti-
lation and gas exchange.50

Hyaluronan, a ubiquitous naturally occurring gly-
cosaminoglycan, is a major component of the 
extracellular matrix. HA participates in many bio-
logical processes such as homeostasis, angiogene-
sis, and cell migration and proliferation. Some 

studies suggest that HA and its degradation prod-
ucts can play an important role in the pathobiology 
of the respiratory tract.50 HA could also have a 
protective effect against harmful agents in a large 
number of respiratory diseases, such as asthma,51 
CF, or COPD,52 modulating the secretion of neu-
trophilic elastase and attenuating bronchial hyper-
reactivity.53,54 According to some authors, HA 
could also reduce the number of exacerbations in 
patients with chronic bronchitis,55 possibly improv-
ing the cellular defenses of the organism. The role 
of HA in attenuating bronchial hyperreactivity in 
asthma is controversial.56,57 Although it has been 
claimed that HA can prevent the development of 
biofilm associated with chronic infection,58,59 its 
effects on this issue and on inflammation are not 
clear at present.60,61

Studies of the use of HA in bronchiectasis
The addition of HA to HS has been studied 
mainly in patients with CF with the aim of 
improving tolerability and decreasing bronchial 
hyperreactivity and salty flavor.62–64 Recently, two 
trials with very different design investigating the 
tolerance of HS+HA in patients with bronchiec-
tasis were published (Table 3).65,66

Herrero-Cortina and colleagues carried out a sin-
gle-center, randomized, double-blind, cross-over 
study with three consecutive treatment arms of 
four daily sessions each, and separated by 7-day 
washout periods.65 All sessions except the third 
(control period), included 30 min of physiother-
apy. They compared 5 ml of three saline solutions 
(7% HS, 7% HS + 0.1% HA, and IS) in 28 bron-
chiectasis patients and chronic expectoration. 
One of the inclusion criteria was that patients 
should expectorate sputum amounts greater than 
10 g/day. Patients with diagnoses of bronchial 
hyperreactivity, asthma, a postbronchodilator 
FEV1 <30% or a total pulmonary capacity <45% 
were excluded from the study.65

The HS and the HS + HA groups generated a 
similar sputum expectoration during the sessions, 
and more than in the IS group. Sputum collected 
during the 24-h follow up after the end of the ses-
sions with saline solutions tended to be lower for 
the HS and HS + HA groups than for the IS 
group. This suggested that hypertonic solutions 
could achieve greater expectoration of sputum 
during treatment, reducing the need to expecto-
rate during the rest of the day, as has been 
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observed in studies with respiratory physiother-
apy in bronchiectasis patients.67 The amount of 
sputum obtained during physiotherapy was the 
same, regardless of the type of saline solution pre-
viously used. They also observed that the amount 
of expectorated sputum was greater during the 
combined sessions (saline solutions followed by 
physiotherapy) than during the session in which 
physiotherapy was not performed, without differ-
ences with respect to the saline solution used. No 
differences were found in FEV1, FVC, or LCQ 
between any of the treatment arms.68

Most of the serious adverse events were reported 
in the HS group. Cough and throat irritation were 
the most common. Three patients presented a 
mild oxygen desaturation during inhalation, 
recovering spontaneously after inhalation. While 
all patients tolerated IS, three patients did not tol-
erate HS. Two of the three also did not tolerate 
HS + HA. These three patients were older 
(⩾75 years) and with worse pulmonary function 
(FEV1 ⩽40% of the predicted) than the average 
patients in the study.

Máiz and colleagues carried out a multicenter, 
prospective, observational, open study, in 137 
bronchiectasis patients with chronic expectoration, 
to evaluate tolerance to HS + HA in patients who 
were intolerant to HS. Inclusion criteria included 
daily sputum production >30 ml. Patients with 
postbronchodilator FEV1 <1 L or <35% were 
excluded from the study. Tolerance to both solu-
tions was assessed by a questionnaire, spirometry 
(decrease in FEV1 ⩾15% after inhalation of HS 
compared with postbronchodilation) and clinical 
evaluation. The tolerance of patients to HS was 
assessed first and nontolerant patients were then 
tested with HS + HA a week later. Tolerability was 
also evaluated 1 month after the start of either 
treatment in all patients. QoL, adherence to treat-
ment, and adverse events were also evaluated.66

Of the 137 patients, 92 (67.1%) initially toler-
ated treatment with HS. Of those 92 patients 
who tolerated the treatment at the baseline visit, 
8 (8.7%) could not complete the 4-week treat-
ment due to progressive intolerance. The most 
frequently reported adverse events were cough, 
pharyngeal irritation, and salty taste. Baseline, 
postbronchodilator and post-HS FEV1 values 
were significantly lower in those who were intol-
erant to HS compared with those who tolerated 
it. This suggests that FEV1 could be a useful 

indicator of patients who are less tolerant to HS. 
This observation would be in accordance with 
published data on CF and bronchiectasis 
patients.63,65

Of the 45 patients intolerant to HS, 31 (68.9%) 
patients tolerated HS + HA at the first visit. Of 
those 31 patients, 1 did not complete the 4-week 
treatment due to progressive intolerance to the 
solution. No significant differences were found in 
baseline, postbronchodilator and post-HS + HA 
FEV1 values between patients who tolerated and 
those who did not tolerate HS + HA. Inhalation 
of HS + HA generated fewer significant adverse 
events than those in the HS group that caused 
patients to abandon treatment.

Adherence to treatment was good in both treat-
ment groups, with no significant differences 
between them. No significant differences were 
observed in baseline, postbronchodilator FEV1 
and after inhalation of any of the saline solutions 
between before starting treatment and at the end 
of treatment after 4 weeks. QoL was evaluated 
by the validated Spanish version of QoL-B and 
the LCQ, at the beginning and at the end of the 
study.69 Although both treatments improved 
QoL of the patients in seven of the eight dimen-
sions in the QoL-B and in the LCQ, no signifi-
cant differences were found between them for 
any of the two questionnaires. Although few of 
patients in the earlier studies using HS had to 
leave the studies because of intolerance,14–16 in 
the study by Maiz and colleagues, more than 
one-third of the patients were intolerant to HS 
in the 1st week of the study.66 Although more 
studies are needed to know the factors determin-
ing tolerance in these patients, it is likely that 
older age and worse lung function contribute to 
decreased tolerability.65,66

Conclusion
Inhalation of HS twice a day is effective and safe 
in patients with CF.8 The data obtained from 
clinical trials suggest that in these patients HS 
reduces exacerbations and improves QoL.10 
International CF guidelines recommend the use 
of HS before physiotherapy with the aim of reduc-
ing sputum viscosity and facilitating expectora-
tion and expulsion of mucus.11

In bronchiectasis there is less evidence for the use 
of HS or HS + HA than in CF. However, some 
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studies suggest that HS can facilitate expectora-
tion,15,16,65 decrease sputum viscosity,15,16 
increase lung function,16 and decrease the fre-
quency of exacerbations.16 Due to this, and the 
excellent clinical response to HS in clinical prac-
tice, most guidelines on bronchiectasis recom-
mend its use.20,21,24

There is uncertainty concerning the proportion of 
patients who tolerate HS and the causes of intol-
erance; however, age and pulmonary function 
seem to play an important role. Tolerability is 
more likely develop in elderly with poor pulmo-
nary function.66

HA improves tolerability to HS by decreasing 
salty taste, cough, and dyspnea, in patients with 
both CF and bronchiectasis.62–64,65,66 In patients 
who do not tolerate HS, or in patients in serious 
condition, the formulation with added HA is an 
alternative to be evaluated.
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