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A B S T R A C T

Background

Acetylcysteine and carbocysteine are the most commonly prescribed mucolytic drugs in Brazil and many European and African countries.
To our knowledge, no systematic review has been published on their eKicacy and safety for acute upper and lower respiratory tract
infections (RTIs) in children without chronic broncho-pulmonary disease.

Objectives

The objective was to assess the eKicacy and safety and to establish a benefit-risk ratio of acetylcysteine and carbocysteine as symptomatic
treatments for acute upper and lower RTIs in paediatric patients without chronic broncho-pulmonary disease.

Search methods

We searched CENTRAL (2013, Issue 2), MEDLINE (1966 to February week 3, 2013), EMBASE (1980 to March 2013), Micromedex (2010), Pascal
(1987 to 2004) and Science Citation Index (1974 to March 2013).

Selection criteria

To study eKicacy, we used randomised controlled trials (RCTs) comparing the use of acetylcysteine or carbocysteine versus placebo, either
alone or as an add-on therapy. To study safety, we used trials comparing acetylcysteine or carbocysteine versus active treatment or no
treatment and case reports.

Data collection and analysis

In this review update two review authors (YD, MC), with help from a colleague, extracted data and assessed trial quality. We performed a
subgroup analysis of children younger than two years of age.

Main results

We included six trials involving 497 participants to study eKicacy. They showed some benefit (e.g. reduction of cough at day seven) from
mucolytic agents, although diKerences were of little clinical relevance. No conclusion was drawn about the subgroup of infants younger
than two years because data were unavailable. Thirty-four studies, including the previous six trials involving 2064 children, were eligible
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to study safety. Overall safety was good but very few data were available to evaluate safety in infants younger than two years. However, 59
cases of paradoxically increased bronchorrhoea observed in infants were reported to the French pharmacovigilance system.

Authors' conclusions

The results have to be interpreted with caution because they are based on a limited number of participants included in studies whose
methodological quality is questionable. Acetylcysteine and carbocysteine seem to have a limited eKicacy and appear to be safe in children
older than two years. These results should take into consideration the fact that acetylcysteine and carbocysteine are prescribed for self
limiting diseases (for example, acute cough, bronchitis). Given strong concerns about safety, these drugs should only be used for acute
upper and lower RTIs in the context of a RCT with regards to children younger than two years.

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

Acetylcysteine and carbocysteine to treat acute upper and lower respiratory tract infections in children without chronic broncho-
pulmonary disease

Acetylcysteine and carbocysteine are the most commonly prescribed drugs which aim to change the structure of bronchial secretions.
This systematic review assessed their eKicacy and safety for treating acute upper and lower respiratory tract infections in children without
chronic broncho-pulmonary disease. We also looked in particular at patients younger than two years of age.

Forty-nine trials met the inclusion criteria. Six trials involving 497 participants were included to study eKicacy, and compared acetylcysteine
or carbocysteine to placebo. Thirty-four trials (including the previous six) were eligible to study safety and involved 2064 paediatric
patients.

The results of this review suggest actual but limited eKicacy of acetylcysteine and carbocysteine (e.g. reduction of cough at day seven) and
good overall safety (except for rare mild gastrointestinal side eKects) among children older than two years of age. However, the number
of participants included was limited and the methodological quality was questionable. These results should also take into consideration
the fact that acetylcysteine and carbocysteine are prescribed for self limiting diseases (for example, acute cough, bronchitis). In children
younger than two years, and given strong concerns about safety (increased instead of decreased bronchial secretions), these drugs should
only be used for acute upper and lower respiratory tract infections in the context of a randomised controlled trial.
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B A C K G R O U N D

Description of the condition

Acute upper and lower respiratory tract infections (RTIs) are the
most frequent infections in children, occurring 7 to 10 times a
year in school age children (Chang 2006; Shields 2008). The main
symptom is acute cough. Coughing can last more than 10 days
in half of the cases and more than three weeks in about 10%
of cases. Coughing can be distressing, especially in very young
children and it has a major impact on the child's and other family
members' sleep, and can cause parental anxiety (Shields 2008).
Parents frequently seek drugs (over-the-counter drugs or drugs
requiring a medical prescription) to treat their children's cough.

Description of the intervention

Of the mucolytic drugs available to treat acute upper and lower RTI,
the cysteine derivatives (that is, acetylcysteine and carbocysteine)
are the most commonly prescribed in many European (Cano
Garcinuño 2013; Chalumeau 2000; Duijvestijn 1997; Sen 2011)
and African countries (Mourdi 2010) and in Brazil (Bricks 1996).
Various systemic (oral, intramuscular or intravenous) or inhaled
forms of the drugs are available. In The Netherlands, one-third
of general practitioners prescribe acetylcysteine for asthmatic
bronchitis, acute bronchitis, or for productive or dry cough
(Duijvestijn 1997; Sen 2011). In France, three studies have shown
that acetylcysteine and carbocysteine are some of the most
prescribed drugs for children, especially those younger than
two years of age (Chalumeau 2000; Collet 1991; Horen 2002).
In one of these studies, cysteine derivatives accounted for 18%
to 25% of drug prescriptions for acute rhinopharyngitis, acute
cough and acute bronchitis (Chalumeau 2000). The high rate of
prescription of cysteine derivatives for acute upper and lower
RTI in paediatric patients was shown to be unchanged in the
last decade in France (Halna 2005). In Italy, carbocysteine is
one of the 20 drugs most prescribed by family paediatricians
(Cazzato 2001; Sen 2011). In Spain, expectorants are the drugs
most prescribed by paediatricians and general practitioners for the
treatment of acute bronchitis, and they are the second commonest
pharmacological group prescribed to children under two years of
age (Cano Garcinuño 2013; Sanz 1988). In Germany, acetylcysteine
is in the top five of drugs prescribed to paediatric patients under
one year of age (Bücheler 2002).

How the intervention might work

In vitro, cysteine derivatives act by breaking disulphide bridges
between macromolecules, which leads to a reduction in mucus
viscosity (Medici 1979). This property led physicians in the 1960s
and 1970s to develop mucolytic drugs for clinical situations where
sputum modification to reduce cough is sought, including cystic
fibrosis and chronic and acute bronchitis. In adult patients, the
use of cysteine derivatives may cause a small reduction in acute
exacerbations of chronic bronchitis (Poole 2012). In paediatric
patients with cystic fibrosis, there is no evidence of eKectiveness of
either oral or inhaled administration of acetylcysteine (Duijvestijn
1999). In addition to being used for patients with severe chronic
pulmonary disease, in some countries cysteine derivatives are also
widely used to treat previously healthy paediatric patients with
acute broncho-pulmonary disease.

Why it is important to do this review

To our knowledge, no systematic review has been previously
published on the eKicacy and safety of acetylcysteine and
carbocysteine for acute upper and lower RTIs in paediatric patients
without chronic broncho-pulmonary disease.

O B J E C T I V E S

1. To assess the eKicacy of acetylcysteine and carbocysteine
as symptomatic treatments for acute upper and lower RTIs
in paediatric patients without chronic broncho-pulmonary
disease.

2. To evaluate the safety of acetylcysteine and carbocysteine in
the symptomatic treatment of acute upper and lower RTIs
in paediatric patients without chronic broncho-pulmonary
disease.

3. To establish a benefit-risk ratio for the use of acetylcysteine
and carbocysteine as symptomatic treatments for acute upper
and lower RTIs in paediatric patients without chronic broncho-
pulmonary disease.

M E T H O D S

Criteria for considering studies for this review

Types of studies

To study eKicacy, we used randomised controlled trials (RCTs)
comparing the systemic or inhaled use of acetylcysteine and/or
carbocysteine versus placebo, either alone or as an add-on therapy
(see Types of interventions).

To study safety, we also used trials comparing acetylcysteine and/
or carbocysteine versus active treatment or no treatment and case
reports.

Types of participants

We included trials regardless of gender and study setting
(ambulatory or hospital-based). We included trials if the
participants met all of the following criteria.

1. Younger than 18 years (when studies involved adults and
children, a minimum of 50% (arbitrary) of children were retained
as a threshold to include the study).

2. Treated in primary, secondary or tertiary care settings.

3. Physician diagnosis of respiratory tract infection (RTI): acute
pneumonia, acute bronchitis, acute bronchiolitis (secondary to
respiratory syncytial virus or to another virus) or acute cough
(including pertussis).

4. Duration of symptoms less than four weeks.

We excluded trials which included patients with any of the following
conditions.

1. Acetaminophen (paracetamol) intoxication.

2. Bronchiectasis, cystic fibrosis or broncho-pulmonary dysplasia.

3. Underlying immunodeficiency or respiratory tract anatomical
defect.

4. Acute respiratory distress requiring mechanical ventilation.

We included trials which involved patients with underlying asthma
or tuberculosis (as defined by the investigators).
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Types of interventions

We included trials assessing the systemic use (that is, oral,
intramuscular or intravenous) or inhaled use of acetylcysteine or
carbocysteine, regardless of the dose regimen.

In order to study eKicacy, we included trials which
allowed concurrent use of other treatments (such as
antibiotics, corticosteroids, bronchodilators, antitussives, chest
physiotherapy, analgesics or antipyretics), if they allowed equal
access to such medications for patients in the intervention and
control groups.

We included trials comparing the use of acetylcysteine or
carbocysteine in association with other treatments (such as
antibiotics, corticosteroids, bronchodilators, antitussives, chest
physiotherapy, analgesics or antipyretics) versus placebo, active
treatment or no treatment, as well as case reports to study the
safety of acetylcysteine or carbocysteine in association with other
treatments.

Types of outcome measures

We included trials reporting at least one of the following outcome
measures.

Primary outcomes

1. Time to resolution of clinical symptoms, signs or both (where
clinical symptoms and signs may include increased respiratory
rate, use of accessory respiratory muscles, abnormal lung
examination, cough, sputum production, fever or activity
limitations).

2. Proportions of patients with clinical symptoms, signs or both at
a designated time.

3. Global assessment of improvement by clinicians, patients or
their parents at a designated time.

Secondary outcomes

1. Reduced hospitalisation rates or duration, or both, of
hospitalisation stay.

2. Adverse events reported by the investigators.

Search methods for identification of studies

Electronic searches

For this update we searched the Cochrane Central Register of
Controlled Trials (CENTRAL) 2013, Issue 2, part of The Cochrane
Library, www.thecochranelibrary.com (accessed 6 March 2013),
which contains the Cochrane Acute Respiratory Infections (ARI)
Group's Specialised Register; MEDLINE (January 2008 to February
week 3, 2013); EMBASE (January 2008 to March 2013) and Web of
Science (2008 to March 2013). (See Appendix 1 for the MEDLINE and
CENTRAL search terms).

We combined the MEDLINE search with a filter based on the work
of Boluyt 2008 to identify child studies. We adapted the search
terms to search EMBASE (see Appendix 2) and Web of Science (see
Appendix 3). For details of previous searches see Appendix 4.

Searching other resources

We handsearched the references of trials obtained to identify
other relevant studies. We contacted trial authors for additional

information if required, and we requested information on
unpublished trials from drug companies that manufacture
acetylcysteine or carbocysteine in France, The Netherlands and the
United States. We imposed no language or publication restrictions.

Data collection and analysis

Selection of studies

In the first publication of our review (Duijvestijn 2009), three review
authors (YD, MC, John Smucny) independently searched titles
and abstracts to identify potentially relevant articles. We obtained
full-text versions of these articles and articles with ambiguous
titles or abstracts. The same three review authors independently
selected articles which fulfilled the inclusion criteria. We resolved
discrepancies regarding inclusion criteria by discussion. In this
2012 update, two review authors (YD, MC), with help from a
colleague (TA), independently searched titles and abstracts to
identify potentially relevant articles.

Data extraction and management

In the first published version of our review (Duijvestijn 2009), three
review authors (YD, MC, John Smucny) independently extracted
data from each study using electronic data collection forms. We
resolved disagreements through discussion. In this 2012 update,
two review authors (YD, MC) independently extracted data.

Assessment of risk of bias in included studies

Two review authors (YD, MC), with external help of a colleague (TA),
independently graded the quality of each included study using The
Cochrane Collaboration's tool for assessing risk of bias (RevMan
2012). We resolved disagreements by discussion and consensus.
The support for judgement came from a single published or
unpublished study report in all cases. We incorporated the results
of the 'Risk of bias' assessment into the results.

Measures of treatment e<ect

We calculated risk ratios (RR) and risk diKerences  (RDs) for
dichotomous outcome variables of each individual study. We
calculated the summary weighted RDs and their 95% confidence
interval (CI) in RevMan 2012 using a fixed-eKect model. We
calculated the number needed to treat to benefit (NNTB) and the
number needed to treat to harm (NNTH) using the RD and its CI
when RDs were significant (Cates 2003).

We recoded polytomous outcome variables as dichotomous
variables to enable assessment. For example, an outcome assessed
as 'very good, good, poor, no improvement' was recoded as 'actual
improvement versus poor or no improvement'.

Unit of analysis issues

We took into account diKerences in populations, inclusion and
exclusion criteria, interventions and outcome assessment, and we
undertook a qualitative comparison of the studies to determine if
pooling of the results was reasonable. We chose primary endpoints
as the proportion of participants presenting a relevant symptom at
a common date. 

Dealing with missing data

We were not able to contact the original investigators to request
missing data because the studies were performed more than 22
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years ago (median = 36.5 years). There were no missing data for
two-thirds of studies. For the remaining third, we analysed only the
available data (i.e. ignoring the missing data).

Assessment of heterogeneity

We carried out an assessment of possible heterogeneity (the
studies did not evaluate the same eKect) for pooled eKects using
a Breslow-Day test of heterogeneity. We used the I2 statistic to
describe the percentage of total variation across studies that is
due to heterogeneity rather than chance (Higgins 2003). A value
above 50% may be considered substantial heterogeneity. In case
of heterogeneity, we performed an analysis using a random-eKects
model.

Assessment of reporting biases

Given the number of studies for each comparison (mostly less than
four), we did not perform visual and statistical tests for funnel plot
asymmetry (RevMan 2012). For the single comparison including the
results of four studies, we used visual interpretation (RevMan 2012).

Data synthesis

We used meta-analysis because the systematic review identified
several eligible studies with small sample size but with closed
designs. We used a random-eKects model for meta-analysis when
studies were combined to evaluate similar (but not exactly the
same) endpoints. Otherwise, we used a fixed-eKect model.

Subgroup analysis and investigation of heterogeneity

We performed a subgroup analysis of infants younger than
two years of age because of diKerent pharmacokinetics and
pharmacodynamics in this age group, as recommended by the
topic E 11 ("Clinical investigation of medicinal products in
the paediatric population") of the International Conference on
Harmonisation (EMEA 2001).

Sensitivity analysis

We did not judge sensitivity analysis to be pertinent given the
number of studies for each comparison (mostly less than four).

R E S U L T S

Description of studies

Results of the search

In July 2010 we searched CENTRAL 2010, Issue 2 and identified
165 references, but found only one potentially relevant study
(Zuppi 1984). We searched MEDLINE from 1966 to June 2010 and
retrieved 294 references, including 18 potentially relevant studies
(Baldini 1989; Banovcin 1992; Bellomo 1967a; Bellomo 1967b;
Berni 1983; Biscatti 1972; Boner 1984; Castello 1979; Chalumeau
2002; Henocq 1985; Loscialpo Ramundo 1968; Mayaud 1980; Plietz
1976; Ribeiro 1980; Santangelo 1985; Trastotenojo 1984; Varricchio
2008; Volkl 1992). We searched EMBASE from 1980 to 2010
and identified 425 references, including 12 potentially relevant
studies (Baldini 1989; Banovcin 1992; Camurri 1990; Gusberti 1985;
Henocq 1985; Malka 1990; Michael 1986; Nikolic 1980; Rudnik
1980; Santangelo 1985; Szekely 1980; Volkl 1992). We searched
Micromedex for acetylcysteine and carbocysteine in 2010 and
identified three potentially relevant studies (Malka 1990; Ramenghi
1984; Santangelo 1985). We searched Pascal from 1987 to 2004

and identified 101 references, including one potentially relevant
study (Malka 1990). From 2005 onwards we no longer had access to
Pascal. We searched Science Citation Index from 1974 to June 2010
and identified 162 references, including four potentially relevant
studies (Nikolic 1980; Rudnik 1980; Santangelo 1985; Szekely 1980).

We updated the electronic database searches in March 2013 but did
not identify any new studies.

We identified the other potentially relevant studies using the
references of relevant and non-relevant trials and the request
for unpublished trials to drug companies that manufacture
acetylcysteine or carbocysteine in France, The Netherlands and
the United States, and from authors of relevant and non-relevant
studies (Amir 1985; Anonymous 1987; Banovcin 1990; Bellomo
1972; Bellomo 1973; Berger 1978; Caramia 1984; Careddu 1989;
Dano 1971; Egreteau 1992; Fiocchi 1989; Gaudier 1968; Ginocchi
1978; Hofmann 1980; Jean 1982; Leupold 1970; Nakayama 1977;
Nigam 1981; Olivieri 1979; Poder 1982; Samsygina 1995; Zanini
1974; Zens 1967).

In summary, we included 50 potentially relevant studies to evaluate
the eKicacy and safety of acetylcysteine and carbocysteine.

Included studies

Studies included to evaluate e�icacy

We excluded most of the 50 potentially relevant studies from the
eKicacy analysis for one or more reason(s) (see Characteristics of
excluded studies table). Six trials fulfilled the inclusion criteria and
none of the exclusion criteria (Bellomo 1972; Biscatti 1972; Fiocchi
1989; Malka 1990; Nakayama 1977; Zanini 1974) and were eligible
to study eKicacy (see Characteristics of included studies table).

Four of these six trials were written in French and two in Italian. All
six studies were performed more than 17 years ago (median = 32
years). Mucolytics were administrated orally in the six studies.

Studies included to evaluate safety

We excluded sixteen studies from the safety analysis because
they mainly involved participants with chronic diseases (Amir
1985; Berger 1978; Egreteau 1992; Hofmann 1980; Nigam 1981;
Olivieri 1979; Plietz 1976; Poder 1982; Ribeiro 1980; Rudnik 1980;
Samsygina 1995; Szekely 1980; Volkl 1992; Zens 1967; Zuppi 1984)
or received additional antibiotic treatments only in the treatment
group (Varricchio 2008) (see Characteristics of excluded studies
table).

Twenty-eight studies, in addition to the six trials included to study
eKicacy, fulfilled the inclusion criteria and none of the exclusion
criteria to study safety (Table 1).

Among these 28 studies, 11 were written in Italian (Baldini 1989;
Bellomo 1967a; Bellomo 1967b; Bellomo 1973; Berni 1983; Camurri
1990; Careddu 1989; Castello 1979 ; Ginocchi 1978; Gusberti 1985;
Loscialpo Ramundo 1968), seven in English (Boner 1984; Caramia
1984; Dano 1971; Nikolic 1980; Ramenghi 1984; Santangelo 1985;
Trastotenojo 1984), six in French (Anonymous 1987; Chalumeau
2002; Gaudier 1968; Henocq 1985; Jean 1982; Mayaud 1980), two in
German (Leupold 1970; Michael 1986) and two in Slovak (Banovcin
1990; Banovcin 1992). Except for a targeted pharmacovigilance
study (Chalumeau 2002), the studies were at least 15 years old
(median = 23 years). The route of administration was oral in 16
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studies, intramuscular in six, inhaled in four, and both oral and
intramuscular in two.

Excluded studies

We excluded 44 studies (see Characteristics of excluded studies)
for diKerent reasons: active control treatment, chronic disease,
no control group, no placebo, no randomisation and/or type of
outcome measures.

Risk of bias in included studies

Because the studies dated mainly from at least 15 to 40 years ago
(median = 26 years) we were not successful in obtaining additional
trial data.

The risk of bias of the six studies included to evaluate eKicacy is
mentioned in the 'Risk of bias' table (Figure 1; Figure 2). One study
had a 'low risk of bias' for all items except for 'incomplete outcome
data' for which we judged the risk of bias as 'high' (Nakayama 1977).

 

Figure 1.   'Risk of bias' graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 2.   'Risk of bias' summary: review authors' judgements about each risk of bias item for each included study.

 
Allocation

Four studies did not report suKicient details on randomisation and
allocation concealment to make meaningful conclusions (Bellomo
1972; Biscatti 1972; Fiocchi 1989; Zanini 1974). Only one study had
low risk of bias for random sequence generation and allocation
concealment (Nakayama 1977). For the last study the investigators
did not respect the randomisation list, and therefore we classified
it as having a high risk of bias (Malka 1990).

Blinding

Four studies did not report suKicient details on blinding to make
meaningful conclusions (Bellomo 1972; Biscatti 1972; Fiocchi 1989;
Malka 1990). For one study, we assessed a low risk of bias because
all the blinding conditions were clearly mentioned and respected
(Nakayama 1977). For the last study, authors "had noticed the
better eKicacy of one of the products in looking clinically at the
therapeutic results" and so we assessed this as a high risk of bias
(Zanini 1974).
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Incomplete outcome data

In four studies, analyses were based on the data of all included
patients, and therefore we assessed them as having a low risk of
bias (Biscatti 1972; Fiocchi 1989; Malka 1990; Zanini 1974). For one
study, it was mentioned that not all the patients were included in
the analysis (Nakayama 1977).

Selective reporting

All studies were considered as having a low risk of reporting bias
because they all mentioned relevant outcomes.

Other potential sources of bias

None.

E<ects of interventions

1. E<icacy

The six included trials involved 497 participants and compared
cysteine derivatives with placebo (Bellomo 1972; Biscatti 1972;
Fiocchi 1989; Malka 1990; Nakayama 1977; Zanini 1974).

1.a Analysis of included studies with acetylcysteine

Acetylcysteine was tested in three trials (Bellomo 1972; Biscatti
1972; Fiocchi 1989) with a total of 209 participants. The first study
included 59 patients with acute bronchitis or broncho-pulmonary
infections and compared oral administration of the antibiotic-
mucolytic combination (thiamphenicol glycinate acetylcysteinate)
(n1 = 30) with thiamphenicol alone (n2 = 29) as an active control

at the dose of 14 mg/kg/day of acetylcysteine with a duration of
treatment of six days (Bellomo 1972). There was total remission
of febrile state, dyspnoea, "thoracic semeiologic alterations" (i.e.,
"wheezing breathing", rattling) and cough in both groups. However,
there was a statistically significant more rapid remission in the
group treated with the antibiotic-mucolytic combination. For
example, there was total remission of febrile state in the treated
group aBer six days, but it took nine days for the recovery of all the
patients in the placebo group (P = 0.03).

The second study included patients with acute upper and
lower respiratory tract infections (RTIs) and compared oral
administration of acetylcysteine (n1 = 25) and placebo (n2 = 25)

at a daily dose of 100 to 300 mg of acetylcysteine, depending on
age, for six days (Biscatti 1972). All participants received some
kind of antibiotic. The clinical parameters returned to normal in a
statistically significant shorter time in the acetylcysteine group. For
example, by the end of the treatment (six days), the remission of
cough was total in the treated group whereas the cough persisted
in 16% of the participants in the placebo group (risk diKerence (RD)
-16%, 95% confidence interval (CI) -31% to -1%), risk ratio (RR) 0.11
(95% CI 0.01 to 1.95).

The third study compared oral acetylcysteine (n1 = 50) with

placebo (n2 = 50) at a daily dose of 20 mg/kg, subdivided into

three daily administrations for 28 days in children with bronchitis
or tracheitis (Fiocchi 1989). Participants received antibiotics if
necessary. Clinical improvement was observed in the four groups
by the end of the trial. In the subgroup of children with bronchitis,
statistically significant diKerences in the clinical parameters (cough
score, cough productivity and thoracic semeiologic alterations)
were recorded favourably for the acetylcysteine treatment. For

example, the median cough score (range = 0 to 3) decreased faster in
the treated group with a diKerence before/aBer of 2.1 (2.20 to 0.10),
whereas in the placebo group the median score dropped from 2.20
to 0.50 (P < 0.05).

In the subgroup of children with tracheitis, no statistically
significant diKerences were noted on the various clinical
parameters, except a statistically significant improvement of the
cough score, with a diKerence before/aBer of 2.00 (2.10 to 0.10)
in the acetylcysteine treatment subgroup and 1.60 (2.10 to 0.50)
in the placebo group (P < 0.05). We performed a comparison of
the two groups (Analysis 2.3; Analysis 2.4; Analysis 4.4; Analysis
4.5; Analysis 6.1; Analysis 6.2): the treatment reduced the risk of
"thoracic semeiologic alterations" by 83% (RR 0.17, 95% CI 0.03
to 0.99) (Analysis 4.5) and the RD at the end of the treatment was
statistically significant: RD -14% (-25% to -3%). The number needed
to treat to benefit (NNTB) was eight (4 to 34). Regarding cough,
the RD was -3% (-13% to 7%) and the RR 0.67 (95% CI 0.16 to
2.76) (Analysis 2.4). At the end of the trial, productive cough was
still present in three participants treated with acetylcysteine versus
seven patients in the placebo group. The RD was not statistically
significant though: RD -8% (-20% to 3%) and the RR 0.41 (95% CI
0.11 to 1.56).

1.b Analysis of included studies with carbocysteine

Carbocysteine was tested in three of the six included studies (Malka
1990; Nakayama 1977; Zanini 1974) with a total of 288 participants.
The first study included 106 participants with acute bronchitis,
and compared oral administration of carbocysteine (n1 = 49) with

placebo (n2 = 57) at a dose of 200 to 300 mg/day, depending on

age, for seven days (Malka 1990). Both groups received antibiotics if
necessary. The clinical symptoms (cough, expectoration, bronchial
congestion, dyspnoea) and pulmonary function test abnormalities
diminished in both groups. Significant diKerences between the two
groups were observed for expectoration and pulmonary function
tests. For example, aBer four days, expectoration was easier for 69%
of the treated participants versus 49% of the participants of the
placebo group (RD 23% (1% to 47%)).

The second study included 152 participants with respiratory
diseases (bronchial asthma or acute bronchitis) and compared oral
administration of carbocysteine (n1 = 74) with placebo (n2 = 78)

at a dose of 30 mg/kg/day, three to four times daily for seven
days (Nakayama 1977). Both groups received bronchodilators,
antibiotics and antihistamines if previously treated. The author
reported improvement in clinical symptoms in both groups:
global impression, cough, stridor, expectoration. The diKerence
in improvement for overall assessment, stridor and expectoration
was statistically significant in favour of the treatment group, but the
data were available only for the outcome "overall assessment". The
analysis of these data showed a RD of 17% (3% to 31%) and a NNTB
of six (4 to 32).

The third study included 30 participants with respiratory infections
(such as bronchitis) and compared oral administration of
carbocysteine (n1 = 19) with placebo (n2 = 11) at a dose of

100 to 400 mg/day according to age for five to nine days
(Zanini 1974) in participants hospitalised for acute respiratory
infections. Participants in both groups received antibiotics if
necessary. Improvement of clinical signs (cough, vomiting/
dyspnoea, temperature, appetite, general condition) was observed
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in both groups, with significant improvement for cough, vomiting
and dyspnoea in both groups, but the actual improvement of
general condition was better in the placebo group. Though not
significant, the RD was 12% (-24% to 49%) in favour of the placebo
group.

1.c Pooled analysis

Because we could include very few studies, we have pooled the
results of trials involving acetylcysteine and/or carbocysteine. We
also considered primary endpoints that were similar but not exactly
the same, for example, when the endpoint had close but slightly
diKerent dates. As a consequence, we used random-eKects models
when both acetylcysteine and carbocysteine were involved and/or
when the primary endpoints were not exactly the same.

Five major endpoints could be considered for meta-analysis: febrile
state aBer six days (Analysis 1.1; Analysis 1.2), cough aBer six to
seven days (Analysis 2.1; Analysis 2.2), dyspnoea aBer six to seven

days (Analysis 3.1; Analysis 3.2), thoracic semeiologic alterations
aBer five days (Analysis 4.1; Analysis 4.2; Analysis 4.3) and general
condition aBer six to seven days (Analysis 5.1; Analysis 5.2).

We calculated pooled RDs and when possible, pooled RRs to assess
these outcomes. Febrile state aBer six days and cough aBer six to
seven days were evaluated in three trials (Bellomo 1972; Biscatti
1972; Zanini 1974). The first two studies involved acetylcysteine and
the last one, carbocysteine, and the outcome was not considered
at exactly the same date (aBer six days or aBer an average of six
days), so we used a random-eKects model. ABer six days, three
participants were still febrile among the participants from the
placebo group, whereas none presented fever in the treated group:
the pooled RD was -5% (-12% to 2%) (Figure 3). Then, the RR was
0.21 (95% CI 0.02 to 1.77). Regarding cough, aBer six to seven days of
treatment, the risk diKerence was -10% (-19% to -1%) (Figure 4) and
the NNTB was 10 (6 to 101). The RR was 0.37 (95% CI 0.12 to 1.20).

 

Figure 3.   Forest plot of comparison: 1 Febrile state (AC vs placebo), outcome: 1.1 Febrile state aDer 6 days.

 
 

Figure 4.   Forest plot of comparison: 4 Cough (AC vs placebo), outcome: 4.1 Cough aDer 6 to 7 days.

 
The assessment of the eKicacy of acetylcysteine and carbocysteine
to treat dyspnoea involved an additional trial (Malka 1990). Six
participants treated complained of dyspnoea aBer six to seven days

versus nine in the placebo group. The RD was -3% (-9% to 3%)
(Figure 5) and the RR was 0.66 (95% CI 0.25 to 1.74).

 

Figure 5.   Forest plot of comparison: 3 Dyspnoea (AC or CC versus placebo), outcome: 3.1 Dyspnoea aDer 6 to 7 days.

 

Acetylcysteine and carbocysteine for acute upper and lower respiratory tract infections in paediatric patients without chronic broncho-
pulmonary disease (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

9



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

We pooled data from two studies to evaluate the eKicacy of
acetylcysteine in the treatment of thoracic semeiologic alterations
(Bellomo 1972; Biscatti 1972). ABer three days, no treated
participant was presenting that symptom versus three in the

placebo group; the RD was 6% (-13% to 2%) (Figure 6). However,
there was heterogeneity between the studies. ABer using a random-
eKects model the RD was -5% (-20% to 10%).

 

Figure 6.   Forest plot of comparison: 3 Thoracic semeiologic alterations (AC vs placebo), outcome: 3.1 Thoracic
semeiologic alterations (aDer 3 days).

 
We also assessed the eKicacy on the general condition using the
data from two studies involving carbocysteine (Nakayama 1977;
Zanini 1974). ABer seven days, 24 children were still presenting a
deteriorated general condition in the treatment group and 32 in the
placebo group. The RD was -7% (-35% to 20%) and the RR was 0.78
(95% CI 0.31 to 1.95).

1.d Subgroup analysis of infants under two years

Among the studies with acetylcysteine, Bellomo 1972 studied 22
children under one year of age and 28 children between one and
five years of age, and Biscatti 1972 studied 29 children under
two years of age. However, it was not possible to obtain more
information about possible diKerences in results in the diKerent
age groups.

Among the studies with carbocysteine, Nakayama 1977 studied
children from one to 14 years old and Zanini 1974 studied 18
children under one year of age. However, it was not possible to
obtain more information about possible diKerences in results in the
children under two years of age.

2. Safety

Our search strategy identified 28 studies to evaluate safety, in
addition to the six trials above (Bellomo 1972; Biscatti 1972;
Fiocchi 1989; Malka 1990; Nakayama 1977; Zanini 1974). These 34
studies involved 2064 paediatric participants. Safety was evaluated
using clinical, biological, radiographic or pulmonary function
test parameters. Among these studies, 17 were controlled trials
(including 14 randomised controlled trials (RCTs)), 16 were non-
controlled trials and the last one was a targeted pharmacovigilance
study. The studies reporting adverse events were not comparable
in terms of participants, interventions or adverse events, and so we
judged pooling of the results to be inappropriate.

2.a Analysis of included studies with acetylcysteine

Twenty studies evaluated acetylcysteine, involving 1080
participants among which 831 were treated (Baldini 1989; Bellomo
1967a; Bellomo 1967b; Bellomo 1972; Bellomo 1973; Biscatti 1972;
Boner 1984; Camurri 1990; Caramia 1984; Dano 1971; Fiocchi 1989;
Gusberti 1985; Jean 1982; Leupold 1970; Loscialpo Ramundo 1968;
Mayaud 1980; Nikolic 1980; Ramenghi 1984; Santangelo 1985;
Trastotenojo 1984).

Nine of these studies were controlled trials in which the treatment
was administered orally except in one study for which the
route of administration was intramuscular. Control participants
received either placebo (Bellomo 1972; Biscatti 1972; Fiocchi 1989;
Trastotenojo 1984), an active control treatment (Baldini 1989;
Camurri 1990; Gusberti 1985) or nothing (Bellomo 1967a). If a
concomitant treatment was authorised, for example, antibiotics,
it was authorised for all participants. The controlled trials studied
clinical or biological tolerance, or both. The biological tests
consisted usually of full blood tests (haemoglobin (Hb), red blood
count (RBC), white blood count (WBC) and platelets) and the
monitoring of hepatic (bilirubin, serum glutamate-oxaloacetate
transaminase (SGOT), serum glutamate-pyruvate transaminase
(SGPT), alkaline phosphatase) and renal function (creatinine).
In two studies, safety was also evaluated using radiographic
(Trastotenojo 1984) or pulmonary function test parameters (Fiocchi
1989). The controlled trials all showed good clinical safety,
except mild gastrointestinal tract adverse events (vomiting) in two
participants (2%), leading to the withdrawal of one of them (Fiocchi
1989).

In the other trials, the route of administration was oral in one
study, intramuscular in five, inhaled in four, and both oral and
intramuscular in one. Most of these studies authorised concomitant
treatments, mainly antibiotics. All participants had equal access
to these treatments, except in one trial (Zanini 1974). Safety
was evaluated using clinical and typically biological tests. Some
studies also evaluated safety using radiographic (Boner 1984;
Caramia 1984; Jean 1982; Loscialpo Ramundo 1968; Mayaud
1980; Santangelo 1985) or pulmonary function test parameters
(Dano 1971; Leupold 1970). In one study, the tolerance was
not documented (Nikolic 1980). The main potential adverse
event observed was broncho-constriction induced by inhaled N-
acetylcysteine in children older than two years of age (Dano
1971; Leupold 1970). As a consequence, 11 children (31%) were
withdrawn from one of these studies (Leupold 1970). This side
eKect was mainly explained by the trial authors by the high
concentration (20%) of acetylcysteine. Whereas in another study,
no such eKect was reported with a lower concentration (10%)
(Loscialpo Ramundo 1968). In the other uncontrolled trials clinical
safety was very good except in one study where 12 participants
(11%) complained of gastro-intestinal tract disorders (nausea,
vomiting, diarrhoea), but none were withdrawn (Mayaud 1980).

Acetylcysteine and carbocysteine for acute upper and lower respiratory tract infections in paediatric patients without chronic broncho-
pulmonary disease (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

10



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

2.b Analysis of included studies with carbocysteine

Thirteen studies evaluated carbocysteine, involving 989
participants, among which 755 were treated (Anonymous 1987;
Banovcin 1990; Banovcin 1992; Berni 1983; Careddu 1989; Castello
1979; Gaudier 1968; Ginocchi 1978; Henocq 1985; Malka 1990;
Michael 1986; Nakayama 1977; Zanini 1974).

The treatment was administrated orally. Eight trials were
controlled. The control participants received either a placebo
(Malka 1990; Nakayama 1977; Zanini 1974), or an active treatment
(Banovcin 1990; Banovcin 1992; Berni 1983; Careddu 1989) or
nothing (Henocq 1985). If a concomitant treatment was authorised,
for example, antibiotics, it was authorised for all participants. The
controlled trials used clinical and sometimes biological parameters
to evaluate safety. The biological tests consisted of blood tests
and/or the monitoring of hepatic and renal function. In two
studies, safety was also evaluated using pulmonary function test
parameters (Malka 1990; Nakayama 1977). Three studies did not
document adverse events (Banovcin 1990; Banovcin 1992; Henocq
1985). The overall clinical safety was good in the other trials,
with few participants (n = 19; 13%) complaining of gastrointestinal
tract disorders (nausea, vomiting, diarrhoea) (Careddu 1989; Malka
1990), leading to the withdrawal or dropping out of two (1.9%)
treated children and one (0.9%) among the control patients (Malka
1990). In one of these two studies (Careddu 1989) the dose used was
high (900 mg/day for children weighing around 25 kg).

The other studies involved 501 paediatric participants. One
study authorised antibiotics for all participants if necessary
(Castello 1979) and another one authorised antibiotics in 33
children (75%) (Ginocchi 1978). All trials studied clinical tolerance.
Biological parameters (Ginocchi 1978) and sputum viscosimetry
(Castello 1979) were also used in two trials. Adverse events were
observed in 13 participants (2.6%). These participants experienced
gastrointestinal tract disorders (stomach pain, nausea, vomiting,
diarrhoea) in two studies (Gaudier 1968; Michael 1986), leading to
the withdrawal of five participants (1.3%) in one study (Michael
1986).

Our search identified only one study designed to evaluate safety
(Anonymous 1987). This study was an open uncontrolled trial that
involved 20 participants with acute upper and lower RTIs, including
some infants. Participants received carbocysteine for six days at
a dose of 200 mg per day via the oral route. No concomitant
treatment was allowed, except antibiotics in one child. The safety
was evaluated clinically by questioning parents and children. The
only potentially adverse event reported (vomiting) occurred aBer
the end of the treatment and involved only the child on antibiotics.

2.c Subgroup analysis of infants under two years of age

Among the 22 studies that provided clear data on participants'
ages, only 10 included participants under two years, involving
262 patients (68%) under this age (Banovcin 1992; Bellomo
1967a; Bellomo 1967b; Bellomo 1973; Biscatti 1972; Castello 1979;
Chalumeau 2002; Ginocchi 1978; Jean 1982; Ramenghi 1984).
Among the 10 studies, only one was a good-quality controlled
trial (Biscatti 1972) and three were low-quality controlled trials
(Banovcin 1992; Bellomo 1967a; Bellomo 1973). One hundred
and seventy-four participants (75%) under two years of age were
included in these four trials; 26 were treated with carbocysteine
(Banovcin 1992) and 59 with acetylcysteine, including 14 in the

single good-quality controlled trial (Biscatti 1972). None of them
had side eKects. No side eKect was reported in the other six trials.

Our search strategy also identified a targeted pharmacovigilance
study (Chalumeau 2002). This study followed the spontaneous
reporting to the French pharmacovigilance system of cases
of paradoxically increased bronchorrhoea in infants receiving
mucolytic agents. This prospective two-month study was
performed in the emergency departments of two paediatric
teaching hospitals in Paris, France. During this period, six
participants were diagnosed as having a paradoxically increased
bronchorrhoea aBer having received acetylcysteine (n = 3) or
carbocysteine (n = 3) for acute upper and lower respiratory
infections. Participants were aged 2.5 to 7.5 months old.
The median delay between treatment and the diagnosis of
paradoxically increased bronchorrhoea was 4.5 days. The dose was
on average 26 mg/kg/day, ranging from 20 to 35 mg/kg/day. Two
children were hospitalised because of their respiratory state. Using
the Naranjo scale for causality assessment, the causality between
the exposure and the adverse reaction was considered possible or
plausible (Naranjo 1981).

D I S C U S S I O N

Summary of main results

We found a limited number of studies that evaluated the eKicacy
of acetylcysteine and carbocysteine as symptomatic treatments
for acute upper and lower respiratory tract infections (RTIs) in
paediatric patients without chronic broncho-pulmonary disease
(Bellomo 1972; Biscatti 1972; Fiocchi 1989; Malka 1990; Nakayama
1977; Zanini 1974). These trials showed some benefit from
mucolytic agents, although diKerences were sometimes small,
not statistically significant and/or of little clinical relevance.
Considering the pooling of data, the eKect of acetylcysteine or
carbocysteine was not statistically significant except for cough aBer
six to seven days. The treatment (acetylcysteine or carbocysteine)
reduced the risk of cough by 63%. However, the number needed to
treat to benefit (NNTB) was 10 with a large CI (6 to 101), suggesting
a questionable eKect size. Only one of the six trials was considered
to have a low risk of bias (Nakayama 1977; Figure 2). However, in
the low risk of bias trial by Nakayama 1977, an overall criterion
based on an improvement in global condition was used as an
outcome, but this composite criterion has not been validated and
may not be clinically relevant. No statistically significant diKerence
was observed regarding most symptoms considered separately,
especially expectoration and cough. It was not possible to make
any evaluation about the subgroup of infants under two years of
age, because none of the six studies that we included to evaluate
eKicacy mentioned the results for this age group separately.

The overall safety of acetylcysteine and carbocysteine was
good, with mainly minor gastrointestinal tract disorders in few
participants (n = 46; 2%). These findings should not lead to the
conclusion that mucolytic agents are well tolerated in paediatric
patients. In fact, (i) the size of the low risk of bias trial was not
suKicient to provide enough statistical power to detect any rare
potentially severe adverse event, (ii) many high risk of bias trials
did not provide detailed descriptions of the severity of adverse
events and abnormal laboratory tests or reasons for treatment
discontinuation separately for each intervention group, and (iii)
very few children under two years of age were involved in the
studies. RCTs of adequate sample size oKer the only unbiased
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approach for assessing the frequency and severity of side eKects
from a given medication, but when that kind of evidence is
lacking, other sources, such as pharmacovigilance and pharmaco-
epidemiology can be helpful.

Regarding the safety of mucolytic agents in paediatric patients,
attention should be paid to the youngest age group. In a targeted
prospective pharmacovigilance study in two paediatric emergency
departments, six infants (all younger than eight months old) were
diagnosed with paradoxically increased bronchorrhoea during a
two-month period (Chalumeau 2002). An analysis of the French
pharmacovigilance system concerning adverse drug reactions to
acetylcysteine and carbocysteine showed 59 respiratory adverse
drug reactions in children younger than six years from 1989 to 2008
(30 children received carbocysteine, 28 received acetylcysteine and
one child received both drugs at the same time). The respiratory
adverse drug reactions reported were increased and/or prolonged
cough, increased bronchorrhoea, worsening of respiratory distress,
mucous vomiting and dyspnoea (Mallet 2011). FiBy-one children
(86%) required hospitalisation or extended hospitalisation because
of the adverse drug reactions. Outcome was favourable in all
cases except for one patient in whom pleuropneumonia developed
and a one-year-old girl who died of pulmonary oedema that
was considered secondary to mucous vomiting according to the
reporting physician. These side eKects led to the withdrawal of the
licence for carbocysteine and acetylcysteine in paediatric patients
younger than two years of age in France and Italy in April 2010
(Mourdi 2010).

This paradoxical reaction was also mentioned but not documented
with references in some articles (Harris 1967; Jean 1982)
and textbooks (Anonymous 2000a; Anonymous 2000b). The
paradoxically increased bronchorrhoea could be explained by the
eKective action of mucolytic agents which increase bronchial
mucous flow. This flow may exceed the capacity of spontaneous
drainage of the infant which is limited by the small bronchial
diameter and neuromuscular physiologic immaturity (Wohl 1998).
This could also be explained by a dose-related eKect. No dose-
response trial has ever been performed for acetylcysteine, leading
to a unique dose recommendation of 200 mg per day, whatever
the weight of the child. According to the World Health Organization
(WHO) standards (WHO 2007), the median weight of a one-month-
old infant is about 4.5 kg as opposed to 12.2 kg for a two-year-
old. The recommended dose for the youngest infants is then three
times higher than the dose recommended for the oldest (about 45
mg/kg/day versus 16 mg/kg/day). This may lead to dose-related
adverse events in very young infants. In the same way, no clinical
research has been implemented to support the recommended
dose of the marketing authorisation of carbocysteine (200 to
300 mg/day). The evaluation of drug safety should depend on
age, considering that pharmacokinetics and pharmacodynamics in
paediatric patients diKer greatly from adults, especially in neonates
and infants. Paradoxical side eKects are not rare in these age
groups (Hughes 1994) but a causal relationship is diKicult to prove
when a paradoxical side eKect of a drug is suspected because
of protopathic bias. The term protopathic bias is used if the first
symptoms of the outcome of interest are the reasons for use of
treatment (Salas 1999). This bias leads people to believe that when
symptoms worsen during the course of a drug that is prescribed
for a specific disease it may be related to the disease itself and not
to the drug (Delgado-Rodriguez 2004; Horwitz 1980). The only way
to evaluate paradoxical side eKects of drugs avoiding protopathic

bias would be theoretically to study them in another unrelated
disease. However, this is not possible in the case of carbocysteine
because its only indications are RTIs. For acetylcysteine, in a
multicentre, post-marketing safety study, respiratory symptoms
were reported in 2.2% of paediatric (n = 1905) patients receiving
intravenous acetylcysteine for acetaminophen overdose between
1980 and 2005. Respiratory symptoms included bronchospasm,
cough, wheezing, stridor, shortness of breath, chest tightness or
respiratory distress (Cumberland Pharmaceuticals 2008).

Overall completeness and applicability of evidence

The external validity of this review is diKicult to evaluate. On the
one hand, it seems high given the various settings of the studies, the
various types of participants, the various type of interventions and
outcomes. On the other hand, the meaning of results observed in
studies performed 40 years ago in patients with clinical conditions
and general management that are very diKerent from the current
practices is questionable.

The evaluation of the benefit-risk ratio of mucolytic agents should
take into consideration the fact that these medicines are prescribed
for self limiting diseases (for example, acute cough, bronchitis). For
example, in the Bellomo 1972 study, remission for all symptoms
was complete in the placebo group within nine days at most.
Regarding paediatric patients older than two years, no serious
adverse events were reported in the available studies included
in the present review. These studies suggest that acetylcysteine
and carbocysteine may reduce frequency, intensity and duration
of symptoms in acute upper and lower RTIs. For the patient group
younger than two years, the benefit-risk ratio is most probably
negative according to available evidence for side eKects in this age
group.

Our review has some implications for drug regulation agencies.
Acetylcysteine and carbocysteine are licensed for use for the
treatment of acute upper and lower RTIs in paediatric patients in
many European countries. According to our review, this license is
not supported by strong evidence in children older than two years
of age and is not supported by any evidence in children under two
years of age, considering some important concerns about safety
(Mallet 2011; Mourdi 2010). A re-evaluation of the benefit-risk ratio
of these drugs by the drug regulation agencies of the countries
where they are licensed is necessary, particularly in the age group
younger than two years.

Quality of the evidence

The body of evidence identified allows a robust conclusion
regarding patients younger than two years old. Indeed no study
supports the use of acetylcysteine nor carbocysteine among this
age group. For children older than two years, our conclusions are
based on a small number of studies and patients, with an overall
high risk of bias. Thus, the conclusions should be interpreted
cautiously.

Potential biases in the review process

Given the eKort that was made to contact all drug companies that
manufacture acetylcysteine and carbocysteine, the high response
rate obtained during this process (as shown by the numerous
unpublished studies included) and the various contacts, we are
confident that we analysed all relevant data in this review.
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Agreements and disagreements with other studies or
reviews

Our conclusions are in complete agreement with clinical practice
guidelines for the management of cough in children (Chang 2006;
Shields 2008) and another systematic review (Smith 2012).

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

Implications for practice

The results of the present review have to be interpreted with
caution because (i) it was based on a limited number of
patients included in studies whose methodological quality was
questionable, and which dated mainly from the 1970s and 1980s,
(ii) these results should take into consideration the fact that
acetylcysteine and carbocysteine are prescribed for self limiting
diseases (for example, acute cough, bronchitis), and (iii) millions
of paediatric patients are exposed to these drugs each year in
many European countries (Cano Garcinuño 2013; Cazzato 2001;
Chalumeau 2000; Collet 1991; Duijvestijn 1997; Horen 2002; Sanz
1988; Sen 2011). These mucolytic agents seem to have some
benefits on frequency, intensity and duration of symptoms, and
appear to be safe in children older than two years. Regarding
children younger than two years old, there are current strong
concerns about the safety of acetylcysteine and carbocysteine
(Mallet 2011). These concerns led to the withdrawal of their
licence in this age group in France and Italy in 2010 (Mourdi
2010). Therefore, these drugs should only be used for acute

respiratory tract infections in neonates and infants in the context of
a randomised controlled trial.

Implications for research

An adequately powered, randomised, double-blind, placebo-
controlled trial evaluating the eKicacy and safety of acetylcysteine
or carbocysteine should be performed in patients under two years
of age. This trial should use a main outcome which is clinically
relevant (for example, cough frequency, intensity and duration).
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C H A R A C T E R I S T I C S   O F   S T U D I E S

Characteristics of included studies [ordered by study ID]

 

Methods RCT 
All participants received thiamphenicol with or without acetylcysteine

Participants 59 paediatric outpatients (22 < 1 year; 28 1 to 5 years; 9 > 5 years) seen for acute bronchitis or bron-
cho-pulmonary infections

Interventions Oral acetylcysteine 
13.8 mg/kg/day 2 to 4 times a day for 6 to 7 days average (maximum 14 days)

Outcomes Clinical: duration of febrile state, dyspnoea, thoracic semeiologic alterations, cough

Notes Italian

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Only reported that allocation was done randomly

Allocation concealment
(selection bias)

Unclear risk Nothing in the text deals with allocation concealment

Bellomo 1972 
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Only reported that treatment was randomly assigned

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

Unclear risk Nothing in the text deals with blinding of outcome assessment

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Nothing in the results clearly mentioned the number of patients used in the
analysis

Selective reporting (re-
porting bias)

Low risk All the judgement criteria were reported in the analysis

Bellomo 1972  (Continued)

 
 

Methods RCT 
All participants received some kind of antibiotic

Participants 50 children (29 < 2 years; 21 > 2 years) hospitalised for acute respiratory infections

Interventions Oral acetylcysteine 100 mg/day under 2 years 
200 mg/day between 2 and 4 years 
300 mg/day above 4 years for 6 days

Outcomes Clinical: cough, dyspnoea, thoracic semeiologic alteration, temperature reading 
Biological: ESR and leucocyte count

Notes Italian 
Possibly not a comparable treatment because various antibiotics were used

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk It is only mentioned that treatments were assigned randomly

Allocation concealment
(selection bias)

Unclear risk Nothing is mentioned about allocation concealment

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

Unclear risk Nothing is mentioned about blinding of participants and personnel

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

Unclear risk Nothing is mentioned about blinding of outcome assessment

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All patients are mentioned in the analyses and the tables

Biscatti 1972 
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Selective reporting (re-
porting bias)

Low risk All criteria mentioned in 'Methods' were mentioned in the analysis

Biscatti 1972  (Continued)

 
 

Methods RCT 
All participants received antibiotics if necessary

Participants 100 paediatric ambulatory participants (all > 2 years) seen in a paediatric department for acute lower
respiratory infections

Interventions Oral acetylcysteine 20 mg/kg/day 3 times daily for 28 days

Outcomes Clinical: cough, cough productivity and thoracic semeilogic alteration 
PFT

Notes Italian 
Side effects: 2 participants vomited in the acetylcysteine group, with 1 drop-out

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk It is only mentioned that randomisation was based on a list

Allocation concealment
(selection bias)

Unclear risk Nothing is mentioned about allocation concealment

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

Unclear risk Nothing is mentioned about blinding of participants and personnel

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

Unclear risk Nothing is mentioned about blinding of outcome assessment

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All patients are mentioned in the analyses and the tables

Selective reporting (re-
porting bias)

Low risk All the criteria mentioned in 'Methods' were mentioned in the analysis

Fiocchi 1989 

 
 

Methods RCT 
All participants received antibiotics if necessary

Participants 106 paediatric ambulatory participants (2 to 12 years) seen in general practice for acute bronchitis

Interventions Oral carbocysteine for 7 days: 200 mg/day under 5 years. 300 mg/day above 5 years

Malka 1990 
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Outcomes Clinical: cough, expectoration, bronchial congestion, dyspnoea 
PFT

Notes French 
9 participants with side effects (in the carbocysteine group: 2 nausea, 3 diarrhoea, 1 stomach pain; in
the placebo group: 1 nausea, 2 stomach pain)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "Randomised multicentre trial"

Allocation concealment
(selection bias)

High risk Quote: "The lack of respect in the order of the randomisation list..."

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

Unclear risk Quote: "Double blinding"

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

Unclear risk Nothing in the text deals with blinding of outcome assessment

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Quote: "The patients included for wrong reasons or who did not respect the
protocol were included in the analysis"

Selective reporting (re-
porting bias)

Low risk All the judgement criteria were reported in the analysis

Malka 1990  (Continued)

 
 

Methods RCT 
Participants received bronchodilators, antibiotics, antihistamine if previously treated

Participants 152 paediatric outpatients (0 to 18 years) bronchial asthma or acute bronchitis

Interventions Oral carbocysteine 30 mg/kg/day (administered in 3 or 4 doses) for 7 days

Outcomes Clinical: overall assessment, cough, stridor, expectoration 
PFT

Notes French

Results tables were not available

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "a table of random administration of products"

Nakayama 1977 
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Allocation concealment
(selection bias)

Low risk Quote: "to ensure the impossibility of identifying the products, the random
distribution, the secrecy of the key table..."

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

Low risk Quote: "aspect, characteristics, taste, flavour and packaging were verified by a
independent person"

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

Low risk Quote: "The data statistics analyses were performed by a independent per-
son"

Incomplete outcome data
(attrition bias) 
All outcomes

High risk In the 'Results' section, it is mentioned that not all the patients were included
in the statistical analyses

Selective reporting (re-
porting bias)

Low risk All the criteria mentioned in the 'Methods' section were mentioned in the 'Re-
sults' section

Nakayama 1977  (Continued)

 
 

Methods RCT 
In treatment group: 15 children received antibiotics; 4 received inhaled acetylcysteine 
In control group: 8 children received antibiotics

Participants 30 children (18 < 1 year; 12 > 1 year) hospitalised for acute respiratory infections

Interventions Oral carbocysteine from 100 to 400 mg/day depending on age for 5 to 9 days

Outcomes Clinical: cough, dyspnoea, temperature level, appetite, general condition

Notes Italian

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "The patients were assigned randomly"

Allocation concealment
(selection bias)

Unclear risk The text did not mention anything about allocation concealment

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

High risk Quote: "we had noticed the better efficacy of one of the produce in looking
clinically at the therapeutic results"

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

High risk Quote: "we had noticed the better efficacy of one of the produce in looking
clinically at the therapeutic results"

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All the patients included were mentioned in the analysis

Zanini 1974 
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Selective reporting (re-
porting bias)

Low risk All the relevant criteria were mentioned in the analysis

Zanini 1974  (Continued)

AC: acetylcysteine
ESR: erythrocyte sedimentation rate
Gastralgia: localised stomach ache
PFT: pulmonary function tests
RCT: randomised controlled trial
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Amir 1985 No control group; chronic disease

Anonymous 1987 No control group

Baldini 1989 Active control treatment

Banovcin 1990 Non-randomised; active control treatment

Banovcin 1992 Non-randomised; active control treatment

Bellomo 1967a Non-randomised

Bellomo 1967b No control group

Bellomo 1973 Active control treatment

Berger 1978 No control group; chronic disease

Berni 1983 Active control treatment

Boner 1984 No control group

Camurri 1990 Active control treatment

Caramia 1984 No control group

Careddu 1989 Active control treatment

Castello 1979 No control group

Chalumeau 2002 No control group

Dano 1971 No control group

Egreteau 1992 Chronic disease

Gaudier 1968 No control group

Ginocchi 1978 No control group

Gusberti 1985 Active control treatment
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Study Reason for exclusion

Henocq 1985 No placebo 
Type of outcome measures

Hofmann 1980 No placebo 
Chronic disease

Jean 1982 No placebo

Leupold 1970 No placebo

Loscialpo Ramundo 1968 No control group

Mayaud 1980 No placebo

Michael 1986 No placebo

Nigam 1981 No placebo 
Chronic disease

Nikolic 1980 No placebo

Olivieri 1979 Chronic diseases 
No control group

Plietz 1976 Chronic diseases 
No control group

Poder 1982 Chronic diseases 
No control group

Ramenghi 1984 No control group

Ribeiro 1980 Chronic diseases 
No control group

Rudnik 1980 Chronic diseases 
No control group

Samsygina 1995 Chronic disease 
No randomisation 
Active control treatment

Santangelo 1985 No control group

Szekely 1980 Chronic diseases 
No control group

Trastotenojo 1984 No randomisation

Varricchio 2008 Antibiotic treatment only in treatment group 
Type of disease

Volkl 1992 No control group

Zens 1967 Chronic diseases 
No control group

Acetylcysteine and carbocysteine for acute upper and lower respiratory tract infections in paediatric patients without chronic broncho-
pulmonary disease (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

24



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Study Reason for exclusion

Zuppi 1984 Chronic diseases

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Febrile state (AC or CC versus placebo)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Febrile state after 6 days 3 139 Risk Difference (M-H, Random, 95%
CI)

-0.05 [-0.12, 0.02]

2 Febrile state after 6 days 3 139 Risk Ratio (M-H, Random, 95% CI) 0.21 [0.02, 1.77]

 
 

Analysis 1.1.   Comparison 1 Febrile state (AC or CC versus placebo), Outcome 1 Febrile state aDer 6 days.

Study or subgroup Treatment
(AC or CC)

Placebo Risk Difference Weight Risk Difference

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Bellomo 1972 0/30 3/29 30.58% -0.1[-0.23,0.02]

Biscatti 1972 0/25 1/25 42.86% -0.04[-0.14,0.06]

Zanini 1974 0/19 0/11 26.55% 0[-0.13,0.13]

   

Total (95% CI) 74 65 100% -0.05[-0.12,0.02]

Total events: 0 (Treatment (AC or CC)), 4 (Placebo)  

Heterogeneity: Tau2=0; Chi2=1.4, df=2(P=0.5); I2=0%  

Test for overall effect: Z=1.4(P=0.16)  

Favours experimental (AC or CC) 0.20.1-0.2 -0.1 0 Favours control (placebo)

 
 

Analysis 1.2.   Comparison 1 Febrile state (AC or CC versus placebo), Outcome 2 Febrile state aDer 6 days.

Study or subgroup Treatment
(AC or CC)

Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Bellomo 1972 0/30 3/29 53.84% 0.14[0.01,2.56]

Biscatti 1972 0/25 1/25 46.16% 0.33[0.01,7.81]

Zanini 1974 0/19 0/11   Not estimable

   

Total (95% CI) 74 65 100% 0.21[0.02,1.77]

Total events: 0 (Treatment (AC or CC)), 4 (Placebo)  

Heterogeneity: Tau2=0; Chi2=0.16, df=1(P=0.69); I2=0%  

Test for overall effect: Z=1.44(P=0.15)  

Favours experimental (AC or CC) 1000.01 100.1 1 Favours control (placebo)
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Comparison 2.   Cough (AC or CC versus placebo)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Cough after 6 to 7 days 3 139 Risk Difference (M-H, Random,
95% CI)

-0.10 [-0.19, -0.01]

2 Cough after 6 to 7 days 3 139 Risk Ratio (M-H, Random, 95% CI) 0.37 [0.12, 1.20]

3 Cough at the end of treat-
ment (= 28 days)

1 100 Risk Difference (M-H, Fixed, 95%
CI)

-0.03 [-0.13, 0.07]

3.1 Subgroup = bronchitis 1 48 Risk Difference (M-H, Fixed, 95%
CI)

-0.07 [-0.25, 0.11]

3.2 Subgroup = tracheitis 1 52 Risk Difference (M-H, Fixed, 95%
CI)

0.01 [-0.10, 0.12]

4 Cough at the end of treat-
ment (= 28 days)

1 100 Risk Ratio (M-H, Fixed, 95% CI) 0.67 [0.16, 2.76]

4.1 Subgroup = bronchitis 1 48 Risk Ratio (M-H, Fixed, 95% CI) 0.52 [0.10, 2.83]

4.2 Subgroup = tracheitis 1 52 Risk Ratio (M-H, Fixed, 95% CI) 1.26 [0.08, 19.09]

 
 

Analysis 2.1.   Comparison 2 Cough (AC or CC versus placebo), Outcome 1 Cough aDer 6 to 7 days.

Study or subgroup AC or CC Placebo Risk Difference Weight Risk Difference

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Bellomo 1972 0/30 2/29 61.99% -0.07[-0.18,0.04]

Biscatti 1972 0/25 4/25 30.43% -0.16[-0.31,-0.01]

Zanini 1974 3/19 3/11 7.57% -0.11[-0.42,0.2]

   

Total (95% CI) 74 65 100% -0.1[-0.19,-0.01]

Total events: 3 (AC or CC), 9 (Placebo)  

Heterogeneity: Tau2=0; Chi2=0.97, df=2(P=0.62); I2=0%  

Test for overall effect: Z=2.3(P=0.02)  

Favours experimental (AC or CC) 0.40.2-0.4 -0.2 0 Favours control (placebo)

 
 

Analysis 2.2.   Comparison 2 Cough (AC or CC versus placebo), Outcome 2 Cough aDer 6 to 7 days.

Study or subgroup AC or CC Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Bellomo 1972 0/30 2/29 15.27% 0.19[0.01,3.87]

Biscatti 1972 0/25 4/25 16.61% 0.11[0.01,1.96]

Zanini 1974 3/19 3/11 68.12% 0.58[0.14,2.39]

   

Total (95% CI) 74 65 100% 0.37[0.12,1.2]

Favours experimental (AC or CC) 1000.01 100.1 1 Favours control (placebo)
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Study or subgroup AC or CC Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Total events: 3 (AC or CC), 9 (Placebo)  

Heterogeneity: Tau2=0; Chi2=1.39, df=2(P=0.5); I2=0%  

Test for overall effect: Z=1.66(P=0.1)  

Favours experimental (AC or CC) 1000.01 100.1 1 Favours control (placebo)

 
 

Analysis 2.3.   Comparison 2 Cough (AC or CC versus placebo), Outcome 3 Cough at the end of treatment (= 28 days).

Study or subgroup AC Placebo Risk Difference Weight Risk Difference

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.3.1 Subgroup = bronchitis  

Fiocchi 1989 2/27 3/21 47.94% -0.07[-0.25,0.11]

Subtotal (95% CI) 27 21 47.94% -0.07[-0.25,0.11]

Total events: 2 (AC), 3 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.75(P=0.45)  

   

2.3.2 Subgroup = tracheitis  

Fiocchi 1989 1/23 1/29 52.06% 0.01[-0.1,0.12]

Subtotal (95% CI) 23 29 52.06% 0.01[-0.1,0.12]

Total events: 1 (AC), 1 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.17(P=0.87)  

   

Total (95% CI) 50 50 100% -0.03[-0.13,0.07]

Total events: 3 (AC), 4 (Placebo)  

Heterogeneity: Tau2=0; Chi2=0.67, df=1(P=0.41); I2=0%  

Test for overall effect: Z=0.54(P=0.59)  

Test for subgroup differences: Chi2=0.53, df=1 (P=0.46), I2=0%  

Favours experimental (AC) 0.20.1-0.2 -0.1 0 Favours control (placebo)

 
 

Analysis 2.4.   Comparison 2 Cough (AC or CC versus placebo), Outcome 4 Cough at the end of treatment (= 28 days).

Study or subgroup AC Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.4.1 Subgroup = bronchitis  

Fiocchi 1989 2/27 3/21 79.23% 0.52[0.1,2.83]

Subtotal (95% CI) 27 21 79.23% 0.52[0.1,2.83]

Total events: 2 (AC), 3 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.76(P=0.45)  

   

2.4.2 Subgroup = tracheitis  

Fiocchi 1989 1/23 1/29 20.77% 1.26[0.08,19.09]

Subtotal (95% CI) 23 29 20.77% 1.26[0.08,19.09]

Total events: 1 (AC), 1 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.17(P=0.87)  

Favours experimental (AC) 200.05 50.2 1 Favours control (placebo)
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Study or subgroup AC Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

   

Total (95% CI) 50 50 100% 0.67[0.16,2.76]

Total events: 3 (AC), 4 (Placebo)  

Heterogeneity: Tau2=0; Chi2=0.3, df=1(P=0.59); I2=0%  

Test for overall effect: Z=0.55(P=0.58)  

Test for subgroup differences: Chi2=0.3, df=1 (P=0.59), I2=0%  

Favours experimental (AC) 200.05 50.2 1 Favours control (placebo)

 
 

Comparison 3.   Dyspnoea (AC or CC versus placebo)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Dyspnoea after 6 to 7 days 4 245 Risk Difference (M-H, Random, 95%
CI)

-0.03 [-0.09, 0.03]

2 Dyspnoea after 6 to 7 days 4 245 Risk Ratio (M-H, Random, 95% CI) 0.66 [0.25, 1.74]

 
 

Analysis 3.1.   Comparison 3 Dyspnoea (AC or CC versus placebo), Outcome 1 Dyspnoea aDer 6 to 7 days.

Study or subgroup Treatment
(AC or CC)

Placebo Risk Difference Weight Risk Difference

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Bellomo 1972 0/30 2/29 28.65% -0.07[-0.18,0.04]

Biscatti 1972 0/25 1/25 31.11% -0.04[-0.14,0.06]

Malka 1990 4/49 3/57 36.43% 0.03[-0.07,0.13]

Zanini 1974 2/19 3/11 3.81% -0.17[-0.46,0.13]

   

Total (95% CI) 123 122 100% -0.03[-0.09,0.03]

Total events: 6 (Treatment (AC or CC)), 9 (Placebo)  

Heterogeneity: Tau2=0; Chi2=2.81, df=3(P=0.42); I2=0%  

Test for overall effect: Z=0.95(P=0.34)  

Favours experimental (AC or CC) 0.50.25-0.5 -0.25 0 Favours control (placebo)

 
 

Analysis 3.2.   Comparison 3 Dyspnoea (AC or CC versus placebo), Outcome 2 Dyspnoea aDer 6 to 7 days.

Study or subgroup Treatment
(AC or CC)

Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Bellomo 1972 0/30 2/29 10.45% 0.19[0.01,3.87]

Biscatti 1972 0/25 1/25 9.42% 0.33[0.01,7.81]

Malka 1990 4/49 3/57 44.75% 1.55[0.36,6.6]

Zanini 1974 2/19 3/11 35.38% 0.39[0.08,1.97]

   

Total (95% CI) 123 122 100% 0.66[0.25,1.74]

Favours experimental (AC or CC) 1000.01 100.1 1 Favours control (placebo)
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Study or subgroup Treatment
(AC or CC)

Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Total events: 6 (Treatment (AC or CC)), 9 (Placebo)  

Heterogeneity: Tau2=0; Chi2=2.59, df=3(P=0.46); I2=0%  

Test for overall effect: Z=0.84(P=0.4)  

Favours experimental (AC or CC) 1000.01 100.1 1 Favours control (placebo)

 
 

Comparison 4.   Thoracic semeiologic alterations (AC versus placebo)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Thoracic semeiologic alterations af-
ter 5 days

2 109 Risk Difference (M-H, Fixed,
95% CI)

-0.06 [-0.13, 0.02]

2 Thoracic semeiologic alterations af-
ter 5 days

2 109 Risk Difference (M-H, Ran-
dom, 95% CI)

-0.05 [-0.20, 0.10]

3 Thoracic semeiologic alterations af-
ter 5 days

2 109 Risk Ratio (M-H, Fixed, 95%
CI)

0.14 [0.01, 2.63]

4 Thoracic semeiologic alterations at
the end of treatment (= 28 days)

1 100 Risk Difference (M-H, Fixed,
95% CI)

-0.14 [-0.25, -0.03]

4.1 Subgroup = bronchitis 1 48 Risk Difference (M-H, Fixed,
95% CI)

-0.11 [-0.27, 0.06]

4.2 Subgroup = tracheitis 1 52 Risk Difference (M-H, Fixed,
95% CI)

-0.17 [-0.32, -0.02]

5 Thoracic semeiologic alterations at
the end of treatment (= 28 days)

1 100 Risk Ratio (M-H, Fixed, 95%
CI)

0.17 [0.03, 0.99]

5.1 Subgroup = bronchitis 1 48 Risk Ratio (M-H, Fixed, 95%
CI)

0.26 [0.03, 2.32]

5.2 Subgroup = tracheitis 1 52 Risk Ratio (M-H, Fixed, 95%
CI)

0.11 [0.01, 1.95]

 
 

Analysis 4.1.   Comparison 4 Thoracic semeiologic alterations (AC versus
placebo), Outcome 1 Thoracic semeiologic alterations aDer 5 days.

Study or subgroup AC Placebo Risk Difference Weight Risk Difference

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Bellomo 1972 0/30 0/29 54.12% 0[-0.06,0.06]

Biscatti 1972 0/25 3/25 45.88% -0.12[-0.26,0.02]

   

Total (95% CI) 55 54 100% -0.06[-0.13,0.02]

Total events: 0 (AC), 3 (Placebo)  

Heterogeneity: Tau2=0; Chi2=3.67, df=1(P=0.06); I2=72.79%  

Favours experimental (AC) 0.20.1-0.2 -0.1 0 Favours control (placebo)
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Study or subgroup AC Placebo Risk Difference Weight Risk Difference

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Test for overall effect: Z=1.41(P=0.16)  

Favours experimental (AC) 0.20.1-0.2 -0.1 0 Favours control (placebo)

 
 

Analysis 4.2.   Comparison 4 Thoracic semeiologic alterations (AC versus
placebo), Outcome 2 Thoracic semeiologic alterations aDer 5 days.

Study or subgroup AC Placebo Risk Difference Weight Risk Difference

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Bellomo 1972 0/30 0/29 59.01% 0[-0.06,0.06]

Biscatti 1972 0/25 3/25 40.99% -0.12[-0.26,0.02]

   

Total (95% CI) 55 54 100% -0.05[-0.2,0.1]

Total events: 0 (AC), 3 (Placebo)  

Heterogeneity: Tau2=0.01; Chi2=3.67, df=1(P=0.06); I2=72.79%  

Test for overall effect: Z=0.66(P=0.51)  

Favours experimental (AC) 0.20.1-0.2 -0.1 0 Favours control (placebo)

 
 

Analysis 4.3.   Comparison 4 Thoracic semeiologic alterations (AC versus
placebo), Outcome 3 Thoracic semeiologic alterations aDer 5 days.

Study or subgroup AC Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Bellomo 1972 0/30 0/29   Not estimable

Biscatti 1972 0/25 3/25 100% 0.14[0.01,2.63]

   

Total (95% CI) 55 54 100% 0.14[0.01,2.63]

Total events: 0 (AC), 3 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.31(P=0.19)  

Favours experimental (AC) 2000.005 100.1 1 Favours control (placebo)

 
 

Analysis 4.4.   Comparison 4 Thoracic semeiologic alterations (AC versus placebo),
Outcome 4 Thoracic semeiologic alterations at the end of treatment (= 28 days).

Study or subgroup AC Placebo Risk Difference Weight Risk Difference

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

4.4.1 Subgroup = bronchitis  

Fiocchi 1989 1/27 3/21 47.94% -0.11[-0.27,0.06]

Subtotal (95% CI) 27 21 47.94% -0.11[-0.27,0.06]

Total events: 1 (AC), 3 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.25(P=0.21)  

   

4.4.2 Subgroup = tracheitis  

Favours experimental (AC) 0.20.1-0.2 -0.1 0 Favours control (placebo)

Acetylcysteine and carbocysteine for acute upper and lower respiratory tract infections in paediatric patients without chronic broncho-
pulmonary disease (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

30



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Study or subgroup AC Placebo Risk Difference Weight Risk Difference

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Fiocchi 1989 0/23 5/29 52.06% -0.17[-0.32,-0.02]

Subtotal (95% CI) 23 29 52.06% -0.17[-0.32,-0.02]

Total events: 0 (AC), 5 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.26(P=0.02)  

   

Total (95% CI) 50 50 100% -0.14[-0.25,-0.03]

Total events: 1 (AC), 8 (Placebo)  

Heterogeneity: Tau2=0; Chi2=0.34, df=1(P=0.56); I2=0%  

Test for overall effect: Z=2.43(P=0.02)  

Test for subgroup differences: Chi2=0.34, df=1 (P=0.56), I2=0%  

Favours experimental (AC) 0.20.1-0.2 -0.1 0 Favours control (placebo)

 
 

Analysis 4.5.   Comparison 4 Thoracic semeiologic alterations (AC versus placebo),
Outcome 5 Thoracic semeiologic alterations at the end of treatment (= 28 days).

Study or subgroup AC Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

4.5.1 Subgroup = bronchitis  

Fiocchi 1989 1/27 3/21 40.84% 0.26[0.03,2.32]

Subtotal (95% CI) 27 21 40.84% 0.26[0.03,2.32]

Total events: 1 (AC), 3 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.21(P=0.23)  

   

4.5.2 Subgroup = tracheitis  

Fiocchi 1989 0/23 5/29 59.16% 0.11[0.01,1.95]

Subtotal (95% CI) 23 29 59.16% 0.11[0.01,1.95]

Total events: 0 (AC), 5 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.5(P=0.13)  

   

Total (95% CI) 50 50 100% 0.17[0.03,0.99]

Total events: 1 (AC), 8 (Placebo)  

Heterogeneity: Tau2=0; Chi2=0.21, df=1(P=0.64); I2=0%  

Test for overall effect: Z=1.97(P=0.05)  

Test for subgroup differences: Chi2=0.2, df=1 (P=0.65), I2=0%  

Favours experimental (AC) 2000.005 100.1 1 Favours control (placebo)

 
 

Comparison 5.   General condition (CC versus placebo)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Bad general condition after 6 to 7
days

2 182 Risk Difference (M-H, Random,
95% CI)

-0.07 [-0.35, 0.20]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2 Bad general condition after 6 to 7
days

2 182 Risk Ratio (M-H, Random, 95%
CI)

0.78 [0.31, 1.95]

 
 

Analysis 5.1.   Comparison 5 General condition (CC versus
placebo), Outcome 1 Bad general condition aDer 6 to 7 days.

Study or subgroup CC Placebo Risk Difference Weight Risk Difference

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Nakayama 1977 13/74 27/78 67.35% -0.17[-0.31,-0.03]

Zanini 1974 11/19 5/11 32.65% 0.12[-0.24,0.49]

   

Total (95% CI) 93 89 100% -0.07[-0.35,0.2]

Total events: 24 (CC), 32 (Placebo)  

Heterogeneity: Tau2=0.02; Chi2=2.19, df=1(P=0.14); I2=54.24%  

Test for overall effect: Z=0.53(P=0.59)  

Favours experimental (CC) 0.50.25-0.5 -0.25 0 Favours control (placebo)

 
 

Analysis 5.2.   Comparison 5 General condition (CC versus
placebo), Outcome 2 Bad general condition aDer 6 to 7 days.

Study or subgroup CC Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Nakayama 1977 13/74 27/78 53.4% 0.51[0.28,0.91]

Zanini 1974 11/19 5/11 46.6% 1.27[0.6,2.7]

   

Total (95% CI) 93 89 100% 0.78[0.31,1.95]

Total events: 24 (CC), 32 (Placebo)  

Heterogeneity: Tau2=0.32; Chi2=3.74, df=1(P=0.05); I2=73.25%  

Test for overall effect: Z=0.53(P=0.59)  

Favours experimental (CC) 20.5 1.50.7 1 Favours control (placebo)

 
 

Comparison 6.   Cough productivity (AC versus placebo)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Cough productivity at the end of
treatment (= 28 days)

1 100 Risk Difference (M-H, Fixed,
95% CI)

-0.08 [-0.20, 0.03]

1.1 Subgroup = bronchitis 1 48 Risk Difference (M-H, Fixed,
95% CI)

-0.07 [-0.25, 0.11]

1.2 Subgroup = tracheitis 1 52 Risk Difference (M-H, Fixed,
95% CI)

-0.09 [-0.25, 0.06]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2 Cough productivity at the end of
treatment (= 28 days)

1 100 Risk Ratio (M-H, Fixed, 95% CI) 0.41 [0.11, 1.56]

2.1 Subgroup = bronchitis 1 48 Risk Ratio (M-H, Fixed, 95% CI) 0.52 [0.10, 2.83]

2.2 Subgroup = tracheitis 1 52 Risk Ratio (M-H, Fixed, 95% CI) 0.32 [0.04, 2.63]

 
 

Analysis 6.1.   Comparison 6 Cough productivity (AC versus placebo),
Outcome 1 Cough productivity at the end of treatment (= 28 days).

Study or subgroup AC Placebo Risk Difference Weight Risk Difference

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

6.1.1 Subgroup = bronchitis  

Fiocchi 1989 2/27 3/21 47.94% -0.07[-0.25,0.11]

Subtotal (95% CI) 27 21 47.94% -0.07[-0.25,0.11]

Total events: 2 (AC), 3 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.75(P=0.45)  

   

6.1.2 Subgroup = tracheitis  

Fiocchi 1989 1/23 4/29 52.06% -0.09[-0.25,0.06]

Subtotal (95% CI) 23 29 52.06% -0.09[-0.25,0.06]

Total events: 1 (AC), 4 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.23(P=0.22)  

   

Total (95% CI) 50 50 100% -0.08[-0.2,0.03]

Total events: 3 (AC), 7 (Placebo)  

Heterogeneity: Tau2=0; Chi2=0.05, df=1(P=0.83); I2=0%  

Test for overall effect: Z=1.38(P=0.17)  

Test for subgroup differences: Chi2=0.05, df=1 (P=0.83), I2=0%  

Favours experimental (AC) 0.20.1-0.2 -0.1 0 Favours control (placebo)

 
 

Analysis 6.2.   Comparison 6 Cough productivity (AC versus placebo),
Outcome 2 Cough productivity at the end of treatment (= 28 days).

Study or subgroup AC Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

6.2.1 Subgroup = bronchitis  

Fiocchi 1989 2/27 3/21 48.82% 0.52[0.1,2.83]

Subtotal (95% CI) 27 21 48.82% 0.52[0.1,2.83]

Total events: 2 (AC), 3 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.76(P=0.45)  

   

6.2.2 Subgroup = tracheitis  

Favours experimental (AC) 200.05 50.2 1 Favours control (placebo)
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Study or subgroup AC Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Fiocchi 1989 1/23 4/29 51.18% 0.32[0.04,2.63]

Subtotal (95% CI) 23 29 51.18% 0.32[0.04,2.63]

Total events: 1 (AC), 4 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.07(P=0.29)  

   

Total (95% CI) 50 50 100% 0.41[0.11,1.56]

Total events: 3 (AC), 7 (Placebo)  

Heterogeneity: Tau2=0; Chi2=0.13, df=1(P=0.72); I2=0%  

Test for overall effect: Z=1.3(P=0.19)  

Test for subgroup differences: Chi2=0.13, df=1 (P=0.72), I2=0%  

Favours experimental (AC) 200.05 50.2 1 Favours control (placebo)

 
 

Comparison 7.   Appetite (CC versus placebo)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Appetite trouble at the end of treat-
ment (5 to 9 days)

1 30 Risk Difference (M-H, Fixed,
95% CI)

-0.09 [-0.29, 0.11]

 
 

Analysis 7.1.   Comparison 7 Appetite (CC versus placebo),
Outcome 1 Appetite trouble at the end of treatment (5 to 9 days).

Study or subgroup CC Placebo Risk Difference Weight Risk Difference

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Zanini 1974 0/19 1/11 100% -0.09[-0.29,0.11]

   

Total (95% CI) 19 11 100% -0.09[-0.29,0.11]

Total events: 0 (CC), 1 (Placebo)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.89(P=0.37)  

Favours experimental (CC) 0.20.1-0.2 -0.1 0 Favours control (placebo)

 
 

Comparison 8.   Expectoration (CC versus placebo)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Expectoration at the end of treatment
(= 7 days)

1 106 Risk Difference (M-H, Fixed,
95% CI)

-0.15 [-0.31, 0.01]

2 Expectoration at the end of treatment
(= 7 days)

1 106 Risk Ratio (M-H, Fixed, 95%
CI)

0.55 [0.27, 1.10]
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Analysis 8.1.   Comparison 8 Expectoration (CC versus placebo),
Outcome 1 Expectoration at the end of treatment (= 7 days).

Study or subgroup CC Placebo Risk Difference Weight Risk Difference

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Malka 1990 9/49 19/57 100% -0.15[-0.31,0.01]

   

Total (95% CI) 49 57 100% -0.15[-0.31,0.01]

Total events: 9 (CC), 19 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.79(P=0.07)  

Favours experimental (CC) 0.20.1-0.2 -0.1 0 Favours control (placebo)

 
 

Analysis 8.2.   Comparison 8 Expectoration (CC versus placebo),
Outcome 2 Expectoration at the end of treatment (= 7 days).

Study or subgroup CC Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Malka 1990 9/49 19/57 100% 0.55[0.27,1.1]

   

Total (95% CI) 49 57 100% 0.55[0.27,1.1]

Total events: 9 (CC), 19 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.68(P=0.09)  

Favours experimental (CC) 20.5 1.50.7 1 Favours control (placebo)

 
 

Comparison 9.   Pulmonary function tests (CC versus placebo)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Alteration of the pulmonary function af-
ter 3 days

1 106 Risk Difference (M-H,
Fixed, 95% CI)

0.05 [-0.14, 0.24]

2 Alteration of the pulmonary function af-
ter 3 days

1 106 Risk Ratio (M-H, Fixed,
95% CI)

1.12 [0.75, 1.66]

 
 

Analysis 9.1.   Comparison 9 Pulmonary function tests (CC versus
placebo), Outcome 1 Alteration of the pulmonary function aDer 3 days.

Study or subgroup CC Placebo Risk Difference Weight Risk Difference

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Malka 1990 25/49 26/57 100% 0.05[-0.14,0.24]

   

Total (95% CI) 49 57 100% 0.05[-0.14,0.24]

Total events: 25 (CC), 26 (Placebo)  

Favours experimental (CC) 0.20.1-0.2 -0.1 0 Favours control (placebo)

Acetylcysteine and carbocysteine for acute upper and lower respiratory tract infections in paediatric patients without chronic broncho-
pulmonary disease (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

35



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Study or subgroup CC Placebo Risk Difference Weight Risk Difference

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Heterogeneity: Not applicable  

Test for overall effect: Z=0.56(P=0.58)  

Favours experimental (CC) 0.20.1-0.2 -0.1 0 Favours control (placebo)

 
 

Analysis 9.2.   Comparison 9 Pulmonary function tests (CC versus
placebo), Outcome 2 Alteration of the pulmonary function aDer 3 days.

Study or subgroup CC Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Malka 1990 25/49 26/57 100% 1.12[0.75,1.66]

   

Total (95% CI) 49 57 100% 1.12[0.75,1.66]

Total events: 25 (CC), 26 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.56(P=0.58)  

Favours control (placebo) 20.5 1.50.7 1 Favours experimental (CC)

 

 

A D D I T I O N A L   T A B L E S
 

Study Methods Participants Intervention Outcomes Notes Allocation
conceal-
ment

Anony-
mous 1987

Case report 20 children
(1 to 14
years)

Oral carbocysteine 
300 mg/day above 5
years 
200 mg/day under 5
years 
2 to 3 times daily for
6 days (except 1: 3
days)

Clinical: cough frequen-
cy and intensity, sputum
quality and quantity

French Not used

Baldini
1989

RCT 
Active treatment
(ambroxol); 
participants re-
ceived antibiotics
if necessary

28 children
older than 2
years old

Oral acetylcysteine 
300 mg/day above 5
years 
200 mg/day under 5
years 
For 10 days

Clinical: expectoration,
sputum viscosity, dysp-
noea, cough, difficulty of
expectoration. 
Biological: blood exam,
monitoring of hepatic
and renal function

Italian Unclear

Banovcin
1990

Controlled trial 
Active treatment
(Ipecac syrup); 
antibiotics and vi-
tamins for all par-
ticipants

18 children
(6 to 15
years)

Oral carbocysteine 
250 mg 3 times a day

PFT Slovak Unclear

Table 1.   Characteristics of studies included to evaluate safety 
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Banovcin
1992

RCT 
Active treatment
(Ipecac syrup); 
antibiotics for all
participants

51 children
(6 to 24
months)

Oral carbocysteine 
50 to 62.5 mg 3
times a day

Clinical score: lung aus-
cultation, fever, cough 
Biological: blood exam

Slovak Unclear

Bellomo
1967a

Controlled trial 
Control partici-
pants received no
treatment

81 children
(< 8 years)

Intramuscular acetyl-
cysteine 
25 to 50 mg/kg/day

Clinical: cough, dysp-
noea, thoracic semeilog-
ic alteration, fever

Italian Unclear

Bellomo
1967b

Uncontrolled trial 
Thiamphenicol
for all participants

39 chil-
dren (16: < 2
years)

Intramuscular acetyl-
cysteine 
10 to 18 mg/kg/day

Clinical: cough, dysp-
noea, thoracic semeilog-
ic alteration, fever 
Biological: blood exam;
X-ray

Italian Unclear

Bellomo
1972

RCT 
All participants
received thi-
amphenicol with
or without acetyl-
cysteine

59 children
(22: < 1 year;
28: 1 to 5
years; 9: > 5
years)

Oral acetylcysteine 
13.8 mg/kg/day 2 to
4 times daily for 6 to
7 days average (max-
imum 14 days)

Clinical: duration of
febrile state, dyspnoea,
thoracic semeiologic al-
terations, cough

Italian Unclear

Bellomo
1973

RCT 
Oral and intra-
muscular acetyl-
cysteine; 
thiamphenicol for
all participants

50 chil-
dren (35: < 2
years)

Oral and intramuscu-
lar acetylcysteine 
300 mg/day under 2
years 
600 mg/day above

Clinical: cough, dysp-
noea, thoracic semeilog-
ic alteration, fever

Italian Unclear

Berni 1983 RCT 
Antibiotics if nec-
essary

30 children
(2 to 8 years)

Oral carbocysteine 
200 to 300 mg

Clinical: cough, dysp-
noea, expectoration

Italian Unclear

Biscatti
1972

RCT 
All participants
received some
kind of antibiotic

50 chil-
dren (29: < 2
years; 21: > 2
years)

Oral acetylcysteine 
100 mg/day under 2
years 
200 mg/day be-
tween 2 and 4 years 
300 mg/day above 4
years for 6 days

Clinical: cough, dysp-
noea, thoracic semeilog-
ic alteration, tempera-
ture level 
Biological: ESR and leu-
cocyte count

Italian 
Possibly
not compa-
rable treat-
ment be-
cause vari-
ous antibi-
otics were
used

Unclear

Boner 1984 Uncontrolled trial 
Cefuroxime for all
participants

60 children
(4 to 12
years)

Intramuscular acetyl-
cysteine 
15 to 30 mg/kg/day

Clinical: temperature,
cough, chest and ab-
domen pain, dyspnoea,
wheezing 
Bacteriological: respira-
tory secretion cultures 
X-ray

English Unclear

Camurri
1990

RCT 
Active treatment
(bromhexine)

32 children
(2 to 11
years)

Oral acetylcysteine 
300 mg/day

Clinical: cough, dysp-
noea, expectoration (dif-
ficulty, quantity and
quality)

Italian Unclear

Table 1.   Characteristics of studies included to evaluate safety  (Continued)
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Caramia
1984

Uncontrolled trial 
Cefuroxime for all
participants

40 children
(4 months to
13 years)

Intramuscular acetyl-
cysteine 
20 to 30 mg/kg/day

Clinical: cough, temper-
ature, sputum viscosity,
intrinsic sputum charac-
teristics 
Bacteriological: respira-
tory secretion cultures 
X-ray

English Unclear

Careddu
1989

RCT 
Active treatment
(nesosteine)

40 chil-
dren (5 to12
years)

Oral carbocysteine 
900 mg/day

Clinical: cough, dysp-
noea, expectoration 
Biological: blood exam

Italian Unclear

Castello
1979

Controlled trial 
Antibiotics if nec-
essary

13 children
(1 of 15
months + 12:
2 to 12 years)

Oral carbocysteine; 
3 spoons/day (2%
under 
4 years; 5% above 
4 years)

Clinical: monitoring; 
viscosimetry

Italian Unclear

Chalumeau
2002

Targeted pharma-
covigilance study

6 children (<
2 years)

19.5 to 34.6 mg/kg/
day

3 received oral car-
bocysteine 
3 received oral
acetylcysteine

Clinical: cough, sputum
viscosity

French Not used

Dano 1971 Uncontrolled trial 37 children
(5 to 17
years)

Inhaled acetylcys-
teine 
2 ml 10% + 2 ml 20%

Clinical: monitoring; 
PFT

English Unclear

Fiocchi
1989

RCT 
All participants
received antibi-
otics if necessary

100 children
(all > 2 years)

Oral acetylcysteine 
20 mg/kg/day 3
times a day for 28
days

Clinical: cough, cough
productivity and thoracic
semeilogic alteration 
PFT

Italian 
Side ef-
fects: 2 par-
ticipants
vomiting
in acetyl-
cysteine
group, with
1 drop-out

Unclear

Gaudier
1968

Uncontrolled trial 50 children
(< 15 years)

Oral acetylcysteine; 
2 spoons 2%/day

Clinical: monitoring (evo-
lution of asthma)

French Unclear

Ginocchi
1978

Uncontrolled trial 
Antibiotics in 33
children

44 children
(2 months to
13 years)

Oral carbocysteine 
2 spoons/day under
5 years; 3 spoons/
day above

Clinical: cough, dysp-
noea, expectoration,
sputum viscosity 
Biological: blood exam

Italian Unclear

Gusberti
1985

RCT 
Active treatment
(acetylsalicylate of
acetylcysteine 4%,
5 ml x 3)

40 children
(4 months to
13 years)

Oral acetylcysteine 
200 mg 3 times a day

Clinical: cough, dysp-
noea, expectoration (dif-
ficulty, quantity and
quality), temperature 
Biological: blood exam

Italian Unclear

Henocq
1985

RCT 
Control partici-
pants received no
treatment

50 children
(1 month to
4 years)

Oral carbocysteine 
5 ml 2% per 5 kg/day

IgA level French Unclear

Table 1.   Characteristics of studies included to evaluate safety  (Continued)
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Jean 1982 Uncontrolled trial 
Thiamphenicol
for all participants

29 children
(< 10 years)

Inhaled acetylcys-
teine 
200 mg/day under 3
months 
400 mg/day above

Clinical: cough, dysp-
noea, expectoration,
sputum viscosity, tem-
perature 
Bacteriological 
X-ray, PFT, bronchoscopy

French Unclear

Leupold
1970

Uncontrolled trial 36 children
(7 to 16
years)

Inhaled acetylcys-
teine 
15 min: 18 partici-
pants at 20% and 18
participants at 10%

Clinical: monitoring 
PFT

German Unclear

Loscialpo
Ramundo
1968

Uncontrolled trial 
Thiamphenicol
for all participants

84 children
(2 to 12
years)

Inhaled acetylcys-
teine 
1.5 ml 10% above 5
years 
3 ml 10 % under (the
first 5 days twice a
day then once a day)

Clinical: cough, dysp-
noea, fever 
Biological: blood exam 
X-ray

Italian Unclear

Malka 1990 RCT 
All participants
received antibi-
otics if necessary

106 chil-
dren (all >
2 years); all
participants
received an-
tibiotics if
necessary

Oral carbocysteine; 
200 mg/day under 5
years 
300 mg/day above
for 7 days

Clinical: cough, expecto-
ration, bronchial conges-
tion, dyspnoea 
PFT

French 
9 partici-
pants with
side effects
(in the car-
bocysteine
group: 2
nausea, 3
diarrhoea,
1 stomach
pain; in the
placebo
group: 1
nausea, 2
stomach
pain)

Unclear

Mayaud
1980

Uncontrolled trial 
Thiamphenicol
for all participants

112 children
(< 8 years;
33: < 1 year)

Oral and intramuscu-
lar acetylcysteine 
50 mg/kg/day

Clinical: fever, expectora-
tion (quality); 
Biological: blood exam 
Bacteriological: quality
of sputum 
X-ray

French Unclear

Michael
1986

Uncontrolled trial 374 children
(mean: 5
years +/- 3)

Oral carbocysteine; 
500 mg/day under 4
years 
750 mg/day above

Clinical: cough, sputum
viscosity, expectoration,
breathing

German Unclear

Nakayama
1977

RCT 
Patients received
bronchodilators,
antibiotics, anti-
histamine if previ-
ously treated

152 chil-
dren (0 to 18
years)

Oral carbocysteine; 
30 mg/kg/day (in 3
to 4 doses a day for 7
days)

Clinical: overall assess-
ment, cough, stridor, ex-
pectoration 
PFT

French Adequate

Table 1.   Characteristics of studies included to evaluate safety  (Continued)
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Nikolic
1980

Uncontrolled trial 20 children
(3 to 14
years)

Oral acetylcysteine 
100 to 200 mg 3
times a day

Clinical 
PFT

English Unclear

Ramenghi
1984

Uncontrolled trial 
Cefuroxim for all
participants

20 children
(10 months
to 2 years)

Intramuscular acetyl-
cysteine 
15 mg/kg/day

Clinical: cough, rale,
vesicular murmur, irri-
tability, hypo-alimenta-
tion 
Biological: blood exam 
Bacteriological: on
pharyngotracheal aspi-
rate

English Unclear

Santangelo
1985

Uncontrolled trial 
Cefuroxim for all
participants

103 children
(2 months to
11 years)

Intramuscular acetyl-
cysteine; 20 to 30
mg/kg/day

Clinical: monitoring 
Bacteriological: secre-
tion cultures; X-ray

English Unclear

Trastoteno-
jo 1984

Controlled trial 
Antibiotics and
bronchodilator if
necessary

60 children
(2 months to
13 years)

Oral acetylcysteine
100 mg 3 times a day

Clinical: cough, dysp-
noea, findings on auscul-
tation; 
Biological: blood exam 
X-ray

English Unclear

Zanini 1974 RCT 
In treatment
group 15 children
received antibi-
otics + 4 inhaled
acetylcysteine; in
control group 8
children received
antibiotics

30 children
(18 < 1 year;
12 > 1 year)

Oral carbocysteine
from 100 to 400 mg/
day depending on
age for 5 to 9 days

Clinical: cough, dysp-
noea, temperature level,
appetite, general condi-
tion

Italian Unclear

Table 1.   Characteristics of studies included to evaluate safety  (Continued)

RCT: randomised controlled trial
PFT: pulmonary function tests
ESR: erythrocyte sedimentation rate
 

 

A P P E N D I C E S

Appendix 1. CENTRAL and MEDLINE search strategy

MEDLINE (Ovid)
1 exp Respiratory Tract Infections/
2 respiratory tract infection*.tw.
3 respiratory infection*.tw.
4 exp Rhinitis/
5 rhinit*.tw.
6 (rhinopharyngit* or nasopharyngit* or rhinosinusit* or nasosinusit*).tw.
7 Common Cold/
8 common cold*.tw.
9 Influenza, Human/
10 (influenza* or flu).tw.
11 Pharyngitis/
12 pharyngit*.tw.
13 exp Sinusitis/
14 sinusit*.tw.
15 exp Laryngitis/
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16 laryngit*.tw.
17 Tracheitis/
18 tracheit*.tw.
19 tracheobronchit*.tw.
20 sore throat*.tw.
21 Cough/
22 cough*.tw.
23 exp Bronchitis/
24 exp Bronchiolitis/
25 (bronchiolit* or bronchit*).tw.
26 exp Pneumonia/
27 (pneumon* or bronchopneumon* or pleuropneumon* or broncho-pulmon*).tw.
28 or/1-27
29 Acetylcysteine/
30 acetylcysteine.tw,nm.
31 (n-acetylcysteine or n-acetyl-l-cysteine or acetyl-cysteine or nac).tw,nm.
32 Carbocysteine/
33 (carbocysteine or carbocisteine).tw,nm.
34 exp Expectorants/
35 expectorant*.tw.
36 mucolytic*.tw.
37 or/29-36
38 28 and 37

Appendix 2. EMBASE search strategy

41. #30 AND #40
40. #31 OR #32 OR #33 OR #34 OR #35 OR #36 OR #37 OR #38 OR #39
39. 'nursery school':ab,ti OR 'primary school':ab,ti OR 'secondary school':ab,ti OR 'elementary school':ab,ti OR 'high school':ab,ti OR
kindergar*:ab,ti OR highschool*:ab,ti
38. pediatric*:ab,ti OR paediatric*:ab,ti
37. 'pediatrics'/exp
36. adoles*:ab,ti OR teen*:ab,ti OR boy*:ab,ti OR girl*:ab,ti
35. 'adolescent'/exp
34. child*:ab,ti OR schoolchild*:ab,ti OR 'school age':ab,ti OR 'school aged':ab,ti OR preschool*:ab,ti OR kid:ab,ti OR kids:ab,ti OR
toddler*:ab,ti
33. 'child'/exp
32. infant*:ab,ti OR infancy:ab,ti OR newborn*:ab,ti OR baby:ab,ti OR babies:ab,ti OR neonat*:ab,ti OR preterm*:ab,ti OR prematur*:ab,ti
31. 'infant'/exp
30. #20 AND #29
29. #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28
28. expectorant*:ab,ti
27. 'expectorant agent'/de
26. mucolytic*:ab,ti
25. 'mucolytic agent'/exp
24. carbocysteine:ab,ti OR carbocisteine:ab,ti
23. 'carbocisteine'/exp
22. acetylcysteine:ab,ti OR 'n-acetylcysteine':ab,ti OR 'n-acetyl-l-cysteine':ab,ti OR 'acetyl-cysteine':ab,ti OR nac:ab,ti
21. 'acetylcysteine'/de
20. #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR
#16 OR #17 OR #18 OR #19
19. bronchit*:ab,ti OR bronchiolit*:ab,ti
18. 'bronchitis'/exp
17. 'sore throat':ab,ti OR 'sore throats':ab,ti
16. 'sore throat'/de
15. laryngit*:ab,ti
14. 'laryngitis'/exp
13. sinusit*:ab,ti
12. 'sinusitis'/exp
11. pharyngit*:ab,ti
10. 'pharyngitis'/exp
9. influenza*:ab,ti
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8. 'influenza'/exp
7. 'common cold':ab,ti OR 'common colds':ab,ti
6. 'common cold'/exp
5. rhinopharyngit*:ab,ti
4. rhinit*:ab,ti
3. 'rhinitis'/exp
2. 'respiratory tract infection':ab,ti OR 'respiratory tract infections':ab,ti OR 'respiratory infection':ab,ti OR 'respiratory
infections':ab,ti
1. 'respiratory tract infection'/exp

Appendix 3. Web of Science search strategy

Topic=(respiratory infection* or respiratory tract infection* or rhinit* or rhinopharyngit* or common cold* or influenza* or pharyngit* or
sinusit* or laryngit* or sore throat* or bronchit* or bronchiolit*) AND Topic=(acetylcysteine or n-acetyl-l-cysteine or acetyl-cysteine or nac
or carbocysteine or carbocisteine or expectorant* or mucolytic*)

Refined by: Topic=(child* or infant* or infancy or newborn* or baby or babies or prematur* or preterm* or toddler* or preschool* or school
age* or schoolchild* or nursery school* or primary school* or elementary school* or highschool* or high school* or kid or kids or adoles*
or teen* or boy* or girl* or kindergar* or pediatric* or paediatric*)

Appendix 4. Previous CENTRAL and MEDLINE search strategy

We searched the Cochrane Central Register of Controlled Trials (CENTRAL) (The Cochrane Library 2007, Issue 4) which contains the Cochrane
Acute Respiratory Infections (ARI) Group's Specialised Register; MEDLINE (1966 to March 2008); EMBASE (1980 to March 2008); Micromedex
(April 2008); Pascal (1987 to 2004) and Science Citation Index (1974 to March 2008).

We used the following search terms to search MEDLINE and CENTRAL; we adapted these terms to search the other electronic databases.

MEDLINE (PubMed)
#1. Exp Acetylcysteine/
#2. acetylcysteine
#3. exp Carbocysteine/
#4. carbocysteine
#5. exp Expectorants/
#6. expectorant$
#7. exp Mucolytics/
#8. mucolytics
#9. 1-8 OR
#10. Exp Respiratory Tract Infections/
#11. respiratory tract infections
#12. respiratory infections
#13. exp Rhinitis/
#14. rhinitis
#15. exp Common Cold/
#16. common cold
#17. exp Influenza/
#18. influenza
#19. exp Pharyngitis/
#20. pharyngitis
#21. exp Sinusitis/
#22. sinusitis
#23. exp Laryngitis/
#24. laryngitis
#25. sore throat
#26. exp Bronchitis/
#27. bronchitis
#28. exp Bronchiolitis/
#29. bronchiolitis
#30. 10-29 OR
#31. Exp Child/
#32. child*
#33. paediatric*
#34. paediatric*
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#35. 32-34 OR
#36. 9 AND 30 AND 35

F E E D B A C K

Acetylcysteine and carbocysteine for acute upper and lower respiratory tract infections in paediatric patients
without chronic broncho-pulmonary disease, 12 March 2013

Summary

Comment: I did not understand which criteria were selected to dertermine eKicacy of acetylcysteine and carbocysteine drugs. Until now I
thought they were of no interest in ARTI's and this article doesn't give me any point to change my point of view. Thank you for answer.

I agree with the conflict of interest statement below:
I certify that I have no aKiliations with or involvement in any organization or entity with a financial interest in the subject matter of my
feedback.

Reply

We have just finished updating our review which will published soon. The criteria selected to determine eKicacy of acetylcysteine and
carbocysteine drugs are included in the 'Types of outcome measures'. I have also copied our conclusions:

Types of outcome measures

We included trials reporting at least one of the following outcome measures.

Primary outcomes

1. Time to resolution of clinical symptoms and/or signs (where clinical symptoms and signs may include increased respiratory rate, use of
accessory respiratory muscles, abnormal lung examination, cough, sputum production, fever, or activity limitations).

2. Proportions of patients with clinical symptoms and/or signs at a designated time.

3. Global assessment of improvement by clinicians, patients or their parents at a designated time.

Secondary outcomes

1.       Reduced hospitalisation rates and/or duration of hospitalisation stay.

Authors' conclusions

The results have to be interpreted with caution because they are based on a limited number of participants included in studies whose
methodological quality is questionable. Acetylcysteine and carbocysteine seem to have a limited eKicacy and appear to be safe in children
older than two years. These results should take into consideration the fact that acetylcysteine and carbocysteine are prescribed for self-
limiting diseases (for example, acute cough, bronchitis). Given strong concerns about safety, these drugs should only be used for acute
upper and lower RTIs in the context of a RCT with regards to children younger than two years.

Contributors

Martin Chalumeau
Yvonne Duijvestijn

W H A T ' S   N E W

 

Date Event Description

9 April 2013 Feedback has been incorporated Feedback comment and reply added to the review.

6 March 2013 New citation required but conclusions
have not changed

Searches conducted.

6 March 2013 New search has been performed In this update, no new trials were identified for inclusion. We ex-
cluded one new trial (Varricchio 2008). The conclusions about
the efficacy of the treatment remain unchanged. However, we
found new literature supporting evidence for side effects of car-
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Date Event Description

bocysteine and acetylcysteine, which led to the withdrawal of
the licence of carbocysteine and acetylcysteine in paediatric pa-
tients younger than two years in France in April 2010, and then in
Italy. This has been added to the conclusions of this updated re-
view.

 

H I S T O R Y

Protocol first published: Issue 3, 2001
Review first published: Issue 1, 2009

 

Date Event Description

28 March 2008 New search has been performed Searches conducted.

19 February 2008 Amended Converted to new review format.

3 October 2006 New citation required but conclusions
have not changed

A subgroup analysis of infants under two years old was added
because of reports of paradoxical bronchial congestion and ob-
struction in infants under two years old receiving carbocysteine
and acetylcysteine for acute cough.

 

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

Yvonne Duijvestijn (YD) participated in the writing of the protocol, then took the lead of the review, participated in the data collection and
analysis, wrote the first draB of the review and participated in the update of the review.
Martin Chalumeau (MC) had the original idea for the study, wrote the first draB of the protocol, participated in data collection and analysis,
in the writing of the review and wrote the first draB of the update.

D E C L A R A T I O N S   O F   I N T E R E S T

No financial conflict of interest.

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

None.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Acetylcysteine  [adverse eKects]  [*therapeutic use];  Acute Disease;  Age Factors;  Carbocysteine  [adverse eKects]  [*therapeutic use];
  Cough  [drug therapy];  Expectorants  [adverse eKects]  [*therapeutic use];  Randomized Controlled Trials as Topic;  Respiratory Tract
Infections  [*drug therapy]

MeSH check words

Child; Child, Preschool; Humans; Infant
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