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Abstract
Patients with bronchiectasis (BE) present exacerbations that increase with severity of the disease. We aimed to
determine the annual cost of BE treatment according to its severity, determined by FACED score, as well as the
parameters associated with higher costs. Multicentre historical cohorts study with patients from six hospitals in
Spain. The costs arising during the course of a year from maintenance treatment, exacerbations, emergency visits
and hospital admissions were analysed. In total, 456 patients were included (56.4% mild BE, 26.8% moderate BE
and 16.9% severe BE). The mean cost was €4671.9 per patient, which increased significantly with severity. In mild
BE, most of the costs were due to bronchodilators and inhaled steroids; in severe BE, most were due to
exacerbations and inhaled antibiotics. Forced expiratory volume in 1 second (FEV1%), age, colonization by
Pseudomonas aeruginosa and the number of admissions were independently related to higher costs. The
highest costs were found in patients with BE associated with chronic obstructive pulmonary disease, with the
most exacerbations and with chronic bronchial colonization by Pseudomonas aeruginosa (PA). In conclusion, BE
patients gave rise to high annual costs, and these were doubled on each advance in severity on the FACED score.
FEV1%, age, colonization by PA and the number of admissions were independently related to higher costs.
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Introduction

Non-cystic fibrosis bronchiectasis (hereafter BE) is an

irreversible dilatation of the bronchi that is associated

with infectious exacerbations even in its initial stages.

In more advanced stages, patients can experience

chronic bronchial colonization (CBC) by potentially

pathogenic microorganisms (PPM), which involves

more symptoms, short- or long-term treatment with

antibiotics and a progressive deterioration of the pul-

monary function and quality of life.1–3 In common

with other airway diseases, the severity of BE cannot

be explained by one single variable, such as radiolo-

gical extension, the CBC or the extent of functional

impairment.4–6 The FACED score7 was recently
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developed to classify patients’ severity with a multi-

dimensional scale, which includes age, degree of dys-

pnoea, FEV1%, presence of CBC by Pseudomonas
aeruginosa (PA) and number of lobes affected.

The few studies published to date on the costs asso-

ciated with BE show that these are high,8–10 and possi-

bly greater than those described for chronic obstructive

pulmonary disease (COPD).11–14 Since most of the

direct costs of the BE management can be attributed

to exacerbations and baseline treatment,15,16 it is rea-

sonable to suppose that more severe patients give rise to

higher health costs. This is an important topic, in the

light of the current levels of diagnosis,17,18 hospitaliza-

tion and mortality10,19 of BE patients.

These days the incorporation of financial studies

into clinical trials is recommended as a means to eval-

uate the cost-efficiency of new treatments,20,21 like

those being developed for patients with BE.22–24

These analyses require prior knowledge of data on the

financial impact of BE, such as the annual cost of

treatment and the proportion attributable to exacerba-

tions and treatments in a stable phase, as well as the

variables that exert the greatest influence on these

costs. Given the lack of information in this respect,

our objective was to determine, via a representative

multicentre study, the annual cost of the treatment of

patients with BE according to their severity, (as deter-

mined by the FACED score) and the circumstances

that are associated with higher costs.

Material and methods

Study design

Multicentre retrospective study of historical cohorts,

in which six Spanish hospitals took part. Data were

used in accordance with the Data Protection Law 15/

1999 and authorization was given by the Ethics Com-

mittee for clinical research of the Unió Catalana

d’Hospitals (register number 14/45).

Study population

All patients >18 years, monitored in specialized out-

patient clinics for BE between January and December

2013, with BE diagnosed by high-resolution com-

puted tomography of the thorax,25 were included con-

secutively. Cases with coexisting COPD were

monitored in these specialized clinics because the

diagnosis of BE preceded that of COPD, or because

they were referred from other consulting rooms due to

the detection of clinically relevant BE (chronic

expectoration, bronchial colonization by PPM, etc.).

Patients were excluded if they lacked sufficient data

to calculate the FACED score or determine the num-

ber of treatments, exacerbations or hospital admis-

sions. Therefore, the collected data thoroughly

reflect all the costs arising from baseline treatment

and exacerbations.

Variables of the study

The data collected were demographic; related to BE;

spirometry in stable phase; microbiology (presence of

CBC according to established criteria26); and radiol-

ogy (location, extension and severity of the BE). The

FACED score was calculated to determine severity of

BE, dividing patients into mild (0–2 points), moderate

(3–4 points) or severe BE (5–7 points).7 The annual

costs analysed were as follows: number of exacerba-

tions, visits to emergency rooms and admissions,

series of oral or home intravenous antibiotics, cyclic

azithromycin, inhaled antibiotics, inhaled corticoster-

oids, long-acting beta-agonists (LABA), short- or

long-acting anticholinergics, respiratory physiother-

apy cycles, home oxygen therapy, home nebulizer and

admission to a convalescence centre.

All the data were collected meticulously from the

medical records from each hospital, from primary

healthcare centres as well as each autonomous com-

munity’s electronic prescription program.

Unit prices assignment

The unit prices of drugs were obtained from the Vade-

mecum (Edition 2013). Hospital dispensation drugs

prices were obtained from the database of the General

Council of Official Pharmacists’ Associations (2013).

The cost of each hospital admission was obtained

from the statistics website of the Ministry of Health:

€3783.61.27 Other costs (emergency room visit,

respiratory physiotherapy, home oxygen therapy,

home nebulizers and admission into convalescence

centre) were calculated from the mean of the tariffs

established in the Official Bulletins of the participat-

ing autonomous communities.28–31 Table 1 shows the

unit prices with respect to non-pharmacological costs.

Detailed information on all collected variables is

available as a supplementary file.

Statistical analysis

SPSS Statistics software, version 21.0 (SPSS,

Chicago, Illinois, USA) was used for statistical
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analysis. Quantitative variables were tabulated as

mean and standard deviation, and qualitative vari-

ables as absolute numbers and percentages. The

Kolmogorov–Smirnov test was used to analyse distri-

bution of variables. The Mann–Whitney test was used

to compare quantitative variables between two groups

and the Kruskal–Wallis test for those between more

than two groups. The w2 test was used to compare

qualitative variables. To evaluate differences in costs

between subgroups of patients, we used the student’s t

test for independent groups. A multiple regression

analysis was used to determine which variables were

independently associated with a higher total cost. All

variables that presented a significant relationship with

cost were included, apart from total FACED score, as

its components were already included. The analysis

was adjusted for possible confounding factors (gen-

der, body mass index, smoking, Charlson index, num-

ber of lobes affected, degree of dyspnoea, number of

exacerbations, chronic colonization by different PA

microorganisms, age and COPD). A p value <0.05

was considered significant.

Results

Clinical data

In total, 456 patients were included, with a mean age

of 67.2 + 15.5 years (61.2% women). According to

the FACED score, 56.4% had mild BE, 26.8% mod-

erate and 16.9% severe. Table 2 shows their demo-

graphic characteristics according to their severity

group. Greater severity involved more symptoms, a

higher score on the Charlson index, CBC and mortal-

ity (p < 0.001); 54.8% of the patients presented

CBC by PPM26 (83.4% of those with severe BE

(p < 0.001)). The most frequent microorganisms were

PA (68%), Haemophilus influenzae (25.6%), Stapylo-

coccus aureus (8.8%) and atypical mycobacteria

(8.4%). More than 30 different etiologies of BE were

recorded.

Table 3 details the baseline treatments and exacer-

bations according to the severity of BE. We found that

the use of inhalers, oral antibiotics and cyclical azi-

thromycin, inhaled antibiotics, respiratory physiother-

apy and home oxygen therapy was greater with

greater severity (p < 0.001). In severe BE, the use

of inhalers, cyclical azithromycin, inhaled antibiotics

and home oxygen therapy were particularly note-

worthy. The most severe patients presented a greater

number of exacerbations, emergency room visits and

hospital admissions (p < 0.001) over the course of the

year.

Cost analysis

The mean annual cost per patient was €4671.9 +
6281.1, and it increased with severity: €2993.3 in

mild BE, €4731.7 in moderate BE and €9998.9 in

severe BE (p < 0.001). Total cost increased by

€1449.3 + 143.3 for every point of the FACED score

(Figure 1).

Table 4 shows the various costs according to sever-

ity. There was a statistical correlation between sever-

ity of BE and the majority of costs. In mild patients,

the greatest impact was due to inhalers, whilst in

moderate and severe patients it was due to exacerba-

tions (p < 0.001). With respect to the costs for exacer-

bations, in mild BE these were mainly due to oral

antibiotics (74.3%), whilst in severe patients hospital

admissions were mostly responsible (55.5%), repre-

senting 27.3% of the total cost, as opposed to 6.7% in

mild patients.

Multivariate analysis

The multiple regression analysis showed that FEV1%,

age, PA colonization and the number of hospital

admissions were the variables independently associ-

ated with a higher total cost. These variables

explained 55% of the variance in the cost (Table 5).

A second multivariate analysis was performed to

further determine the relationship of FACED score, as

a sum of variables, with the cost per patient. We

included FACED score in the model, without

Table 1. Unit costs apart from drugs.

Parameters €

Hospital admission 3783.61
Visit to emergency room 148.35
Home oxygen therapy (€/day)
� Static concentrator 3.01
� Portable concentrator 4.3

Nebulization equipment (€/day) 1.41
Respiratory physiotherapy (price per cycle)
� Outpatient 173
� home 439.9

Admission to sub-acute centre, 10 days 1200
Admission to convalescence centre (€/day) 110

Cost of hospital admission: mean price of the hospital stay for
bronchiectasis in 2012, according to data from the Statistics Portal
of the Ministry of health, Social Services and Equality.27 All other
costs: mean of the tariffs established in the Official Bulletins of the
participating autonomous communities.28–31
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Table 2. Demographic characteristics of the patients.

Total (n ¼ 456)
Mild BE

(n ¼ 250)
Moderate BE

(n ¼ 128)
Severe BE
(n ¼ 78) p

Clinical data
Female gender (%) 61.2 68.4 54.7 48.7 0.001
Current age, mean + SD

(minimum–maximum)
67.2 + 15.5 (19–98) 61.5 + 15.8 71.8 + 13.4 78.1 + 7.7 <0.001

Age at diagnosis of BE, mean + SD 58.2 + 19.3 53.9 + 19.7 61.9 + 17.7 66.0 + 16.6 <0.001
Smoking (%)
� Never smokers 56.8 60.4 56.3 46.2 NS
� Ex-smokers 36.6 32.4 36.7 50.0
� Active smokers 6.6 7.2 7.0 3.8

Charlson index
Mean + SD 4.8 + 2.2 3.9 + 1.9 5.7 + 2.3 6.3 + 1.9 <0.001
Median 5 4 6 6

Expectoration (%)
� No 21.6 28.9 17.3 5.1 <0.001
� Occasional 29.7 29.7 30.7 28.2
� Daily 48.7 41.4 52.0 66.7

Type of expectoration (%)
� Mucous 35.3 35.6 40.4 27 NS
� Mucous–purulent 30.0 32.5 26.6 28.4
� Purulent 28.1 26.3 26.6 35.1
� Grayish 6.6 5.7 6.4 9.5

Dyspnoea (Medical Research Council) median 1 1 2 3 <0.001
Chronic bronchial infection (%)
� No 45.2 56.8 39.8 16.7 <0.001
� Previous 25.0 19.2 32.0 32.1
� Current 29.8 24.0 28.1 51.3

FACED score
Mean + SD 2.6 + 1.8 1.1 + 0.8 3.4 + 0.5 5.6 + 0.7 <0.001
Median 2 1 3 5

Mortality over the course of the year (%) 2.6 0.4 3.1 9.0 <0.001
Radiological data

Location of BE (%)
� One lobe 11.8 16.4 6.3 6.4 <0.001
� One hemithorax 10.7 12.0 7.8 11.5
� Bilateral 50.7 54.0 50.0 41.0
� Diffuse (4 or more lobes) 26.8 17.6 35.9 41.0

Number of lobes affected (mean + SD) 2.9 + 1.4 2.6 + 1.3 3.4 + 1.4 3.4 + 1.5 <0.001
Diameter of BE (%)
� Slightly bigger than vessel’s 50.5 61.1 42.6 30.4 <0.001
� 2–3 times bigger than vessel’s 34.3 28.2 41.7 40.6
� >3 times bigger than vessel’s 15.3 10.6 15.7 29.0

Functional data (mean + SD)
FVC% 73.6 + 20.8 80.7 + 18.5 69.4 + 20.8 57.3 + 16.6 <0.001
FEV1% 65.7 + 23.7 76.9 + 19.1 59.5 + 22.2 40.1 + 13.7 <0.001
FEV1/FVC 66.3 + 15.4 72.7 + 12.3 61.7 + 14.8 53.1 + 14.5 <0.001
Oxygen saturation 95.0 + 3.1 96.3 + 1.7 94.6 + 2.7 91.6 + 3.9 <0.001

Most frequent etiologies n (% of the total)
Unknown 125 (27.4) 81 (32.4) 26 (20.3) 18 (23.1) 0.026
Post-tuberculosis 80 (17.5) 33 (13.2) 32 (25.0) 15 (19.2) 0.048
Associated with COPD 70 (15.4) 19 (7.6) 21 (16.4) 30 (38.5) <0.001
Post-infectious 51 (11.2) 29 (11.6) 14 (10.9) 8 (10.3) NS
Associated with asthma 23 (5.0%) 16 (6.4) 5 (3.9) 2 (2.6) NS
Childhood infections 17 (3.7) 11 (4.4) 4 (3.1) 2 (2.6) NS

COPD: chronic obstructive pulmonary disease.
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including its component variables. We found that

FACED score was indeed associated with a higher

total cost, and that in conjunction with the Charlson

index and the number of hospital admissions it

accounted for 43.2% of the variance (Table 5).

Analysis of subgroups

There were 70 patients with BE associated with

COPD, which presented a mean cost similar to that

of the severe BE (€7448.5 + 7934.6) and higher

than that of patients without COPD. Their highest

economic impact was attributable to exacerbations,

particularly admissions (Table 6). Distribution of

COPD severity according to global initiative for

chronic obstructive lung disease (GOLD) stage

was: I (10%), II (35.7%), III (31.4%), and IV

(22.9%). Costs also increased with COPD severity.

Interestingly, GOLD IV patients were more expen-

sive mainly due to inhaled antibiotic, whilst those

with GOLD III were more expensive due to

exacerbations.

Table 3. Baseline treatments and exacerbations according to the severity of bronchiectasis.

Total
(n ¼ 456)

Mild BE
(n ¼ 250)

Moderate BE
(n ¼ 128)

Severe BE
(n ¼ 78) p

Baseline treatments (% of patients)
LABA only 12.3 12.4 15.6 6.4 NS
ICS only 5.7 5.2 7.8 3.8 NS
Combination LABA þ ICS 64.9 57.2 65.6 88.5 <0.001
Short- or long-acting anticholinergics 48.0 34.8 54.7 79.5 <0.001
Cyclical oral antibiotics 6.6 3.2 6.2 17.9 <0.001
Cyclical azithromycin 32.5 24.0 32.8 59.0 <0.001
Inhaled antibiotics 25.0 17.2 28.1 44.9 <0.001
Respiratory physiotherapy 14.7 12.0 11.7 28.2 0.001
Home oxygen therapy 12.5 1.2 11.7 50.0 <0.001

Exacerbations (mean + SD)
Number of exacerbations 1.51 + 1.5 1.33 + 1.4 1.48 + 1.4 2.15 +1.7 <0.001
Number of emergency room visits 0.49 + 1.1 0.29 + 0.7 0.4 + 0.7 1.27 + 1.9 <0.001
Number of hospital admissions 0.34 + 0.9 0.14 + 0.5 0.3 + 0.5 1.05 + 1.6 <0.001

LABA: Long-acting beta-agonists; ICS: inhaled corticoid.

Figure 1. Overall costs according to severity of bronchiectasis. Graph A: Overall cost according to the FACED score.
Graph B: Total cost according to the severity group: Mild BE (0–2 points), moderate BE (3–4 points) or severe BE
(5–7 points). BE: bronchiectasis.
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Ninety-eight patients (21.5%) presented more than

two exacerbations during the year (Table 6). Total cost

of this subgroup was €737,009, a 34.5% of the overall

outlay of the 456 patients included (€2,130,416.6).

Even more significant were the 26 patients (5.7%) who

required two or more hospital admissions, with a mean

cost of €16,754.2, and received treatments worth

€435,609.2 (20.4% of the total expenditure).

The third subgroup comprised 170 cases (37.3%)

with current or previous CBC by PA. These patients

Table 4. Costs in total, and according to the severity of bronchiectasis.

Total (n ¼ 456) Mild BE (n ¼ 250)
Moderate BE

(n ¼ 128)
Severe BE
(n ¼ 78) p

Antibiotics and exacerbations (€ per patient, mean + SD)
Amoxicillin–clavulanic 2.8 + 9.1 3.3 + 9.6 2.5 + 9.6 2.1 + 5.9 NS
Ciprofloxacin 3.5 + 9.6 2.5 + 6.9 4.0 + 10.0 6.1 + 14.8 0.004
Levofloxacin 14.9 + 36.1 16.7 + 37.1 10.8 + 31.7 15.7 + 39.2 NS
Azithromycin 1.1 + 3.8 .8 + 2.9 1.5 + 5.4 1.3 + 3.6 NS
Other antibiotics 128.8 + 2.136.5 212.9 + 2.871.9 11.0 + 54.2 47.7 + 170.6 NS
Cyclical azithromycin 54.4 + 97.3 44.4 + 94.9 51.9 + 93.5 90.5 + 103.7 <0.001
Inhaled antibiotics 2041.9 + 4059.8 1379.5 + 3633.1 2370.7 + 4059.2 3650.6 + 4835.7 <0.001
Hospital admissions 1215.4 + 3120.2 485.6 + 1691.0 1085.4 + 1836.2 3783.5 + 5855.0 <0.001
Emergency rooms 72.5 + 159.5 43.0 + 105.9 60.0 + 108.1 188.3 + 279.5 <0.001
Convalescence 51.9 + 386.2 4.8 + 75.6 16.9 + 136.0 260.8 + 882.6 <0.001

Other treatments (€ per patient, mean + SD)
LABA only 43.3 + 138.6 41.7 + 132.8 60.6 + 169.5 20.4 + 91.6 NS
ICS only 8.2 + 46.1 7.3 + 36.6 9.2 + 36.6 9.8 + 77.4 NS
Combination of LABA þ ICS 490.6 + 430.9 410.1 + 418.2 490.2 + 433.1 751.3 + 363.8 <0.001
Short- or long-acting

anticholinergics
217.7 + 289.3 140.4 + 244.8 258.0 + 291.5 402.5 + 323.4 <0.001

Outpatient physiotherapy 20.1 + 63.3 21.3 + 62.9 20.6 + 71.3 15.5 + 49.8 NS
Home physiotherapy 21.2 + 98.8 7.0 + 67.7 10.5 + 67.3 84.6 + 174.5 <0.001
Total cost of physiotherapy 41.3 + 116.5 28.3 + 97.2 31.1 + 95.8 100.1 + 174.0 <0.001
Home oxygen therapy 111.4 + 313.9 12.3 + 112.3 98.4 + 294.8 452.9 + 499.5 <0.001
Other treatments 172.0 + 403.9 159.9 + 345.2 169.5 + 489.5 215.4 + 429.6 NS

Pooled costs (€ per patient, mean + SD)
Inhalersa (LABA, ICS, short- or

long-acting anticholinergics)
759.9 + 574.0 599.5 + 531.4 818.0 + 553.2 1184.0 + 507.6 <0.001

Oral antibioticsb 151.2 + 2.135.8 236.1 + 2.870.7 29.8 + 63.9 72.9 + 182.1 NS
Exacerbationsc (emergencies,

admissions, antibiotics)
1491.1 + 3969.9 769.4 + 3341.3 1192.1 + 1942.7 4305.5 + 6382.2 <0.001

Total costd 4671.9 + 6281.1 2993.3 + 5203.3 4731.7 + 4949.5 9998.9 + 8193.4 <0.001
Percentages of costs (%, mean + SD)

Inhalers as against total cost 46.1 + 39.1 54.4 + 40.0 43.1 + 38.6 27.0 + 29.4 <0.001
Exacerbations as against total

cost
23.1 + 32.9 18.5 + 31.0 24.7 + 34.2 34.1 + 33.8 0.001

Inhaled antibiotics as against
total cost

17.9 + 32.9 13.2 + 30.1 22.5 + 36.0 25.0 + 31.3 0.001

Admissions as against total cost 13.1 + 27.2 6.8 + 21.8 16.8 + 29.8 27.3 + 31.6 <0.001
Oral antibiotics as against cost

of exacerbations
59.1 + 47.2 74.3 + 40.9 53.0 + 48.7 30.3 + 44.6 <0.001

Admissions as against cost of
exacerbations

28.3 + 42.9 13.1 + 32.8 35.8 + 46.1 55.5 + 45.1 <0.001

LABA: Long-acting beta-agonists; ICS: inhaled corticoids.
aInhalers pooled costs is the sum of costs of LABA, ICS and short- or long-acting anticholinergics that each patient took during the year.
bOral antibiotics pooled costs is the sum of costs of all courses of antibiotics that each patient needed for exacerbation during the year.
cExacerbations pooled costs is the sum of costs of all the emergency room visits, hospital admissions and courses of antibiotics that each
patient required for exacerbation during the year.
dTotal cost is the sum of all the evaluated costs.
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had a mean cost similar to that of the severe BE group

(€8654.4). This was the subgroup with the greatest

burden on the overall cost of the study, as its overall

expenditure amounted to €1,471,248 (69.1% of the

total).

Discussion

This is the first study on the direct annual costs of

treatment in patients with BE and the determining

factors involved. We found that patients with BE

present a high annual cost, which is doubled at every

severity stage, as measured by the FACED score, and

increased by almost €1500 for every point in this

scale. The variables associated with increased cost

were age, the Charlson index, pulmonary function

deterioration, the number of hospital admissions and

CBC by PA. Most of the costs were attributable to

inhaled bronchodilators and steroids, although in

severe patients the greatest economic impact was due

to exacerbations and inhaled antibiotics. Some sub-

groups presented a higher cost, such as the patients

with BE associated with COPD, patients with fre-

quent exacerbations or those colonized by PA.

The few pharmacoeconomic studies of BE to date,

based on reviews of large databases in the United

States,8–10 have already shown that patients with BE

represent significant medical costs: an additional cost

of $5681 per year with respect to controls without

BE8; an increase of $2319 in the first year after the

diagnosis of BE,9 and a mean cost of hospital admis-

sion for exacerbation of BE of $7827.10 In our series

we calculated the costs of each patient’s treatment

directly case by case, applying unit prices taken from

official sources, and obtained a mean cost of €4671.9.

The discrepancy with the American studies may be

due to differences in socioeconomic circumstances

and healthcare systems, but also to the fact that we

did not include the costs of complementary tests or

indirect expenses (loss of productivity, ambulances,

etc.). The aforementioned studies selected cases of

BE by means of diagnostic codes and therefore lacked

the clinical data that would allow them to correlate

health costs with the severity of BE. We observed a

notable increase in cost with increased severity of the

disease, as measured by the FACED score. This reaf-

firms the importance of early diagnosis of BE, in

order to apply treatments that prevent CBC and

repeated exacerbations, and thus avoid a consequent

increase in health costs.

The pharmacoeconomic literature on COPD is

more extensive.11–14,32–34 Several studies have

found very variable costs ranging between

US$2911 and €8575 per patient/year, with higher

costs in severe COPD.11–14,34 These costs are not

comparable, due to differences in the healthcare sys-

tems and methodologies involved. The mean cost in

our series is higher than that in studies with similar

methodologies and unit prices,11,12 especially due to

baseline treatments (basically inhalers and inhaled

Table 5. Multivariate analysis.

Non-standarized coefficients Typified coefficients

t Sig.

IC95% for B

B Typ. error Beta Lower limit Upper limit

Modela

Constant 8978.759 1198.962 7.489 0.000 6621.930 11,335.588
Number of admissions 4192.503 260.080 0.551 16.120 0.000 3681.258 4703.749
CBC by PA 4543.025 434.877 0.358 10.447 0.000 3688.177 5397.873
Age �73.554 13.391 �0.187 �5.493 0.000 �99.878 �47.230
FEV1% �37.816 9.055 �0.144 �4.176 0.000 �55.616 �20.016

Modelb

Constant 3271.645 523.475 6.250 0.000 2242.651 4300.638
Number of admissions 3982.203 297.397 0.524 13.390 0.000 3397.610 4566.795
FACED score 1133.894 150.625 0.334 7.528 0.000 837.811 1429.977
Charlson index �576.599 112.053 �0.220 �5.146 0.000 �796.861 �356.337

Dependent variable: overall cost. CBC by PA: Chronic bronchial infection by PA. CBC: chronic bronchial colonization; PA: Pseudomonas
aeruginosa.
aVariance explained by the model: 55%.
bVariance explained by the model: 43.2%.
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Table 6. Costs in patients with COPD and in patients with exacerbations.

No COPD
(n ¼ 386) COPD (n ¼ 70) p

No exacerbators
(n ¼ 358)

Exacerbators
(n ¼ 98) p

Antibiotics and exacerbations (€ per patient)
Amoxicillin–clavulanic 2.9 + 9.6 2.4 + 5.5 NS 1.5 + 4.8 7.6 + 16.4 <0.001
Ciprofloxacin 3.2 + 8.0 5.2 + 15.7 NS 1.9 + 5.3 9.4 + 16.8 <0.001
Levofloxacin 15.1 + 36.1 13.8 + 35.9 NS 12.6 + 32.9 23.1 + 45.0 0.011
Azithromycin 0.9 + 3.6 1.8 + 4.7 0.035 0.7 + 3.1 2.3 + 5.7 <0.001
Other antibiotics 147.4 + 2.321.5 26.5 + 127.8 NS 150.1 + 2410.4 51.1 + 142.2 NS
Cyclical azithromycin 53.8 + 100.2 57.7 + 80.5 0.04 48.4 + 94.7 76.1 + 103.9 0.013
Inhaled antibiotics 1930.3 + 4008.4 2657.0 + 4310.7 NS 1892.5 + 3989.2 2587.7 + 4284.9 NS
Hospital admissions 941.7 + 2661.6 2724.9 + 4683.9 <0.001 723.8 + 1861.6 3011.4 + 5362.9 <0.001
Emergency rooms 63.0 + 141.9 125.0 + 228.2 0.024 47.2 + 106.4 165.0 + 258.2 <0.001
Convalescence 38.4 + 247.9 126.3 + 796.1 NS 31.4 + 218.1 126.6 + 719.2 0.03

Other treatments (€ per patient)
LABA only 49.1 + 147.4 11.1 + 65.3 0.01 48.2 + 145.2 25.1 + 110.0 NS
ICS only 9.2 + 49.6 2.8 + 13.8 NS 9.4 + 50.0 3.9 + 26.6 NS
Combination LABA þ

ICS
445.9 + 418.3 737.0 + 418.6 <0.001 448.0 + 427.0 646.2 + 410.6 <0.001

Short- or long-acting
anticholinergics

172.5 + 269.1 466.9 + 271.2 <0.001 206.9 + 286.0 256.9 + 299.4 NS

Cost of physiotherapy 38.1 + 109.6 59.0 + 148.8 NS 37.3 + 114.5 56.1 + 122.9 NS
Home oxygen therapy 73.3 + 256.3 321.4 + 479.7 <0.001 77.5 + 265.6 235.6 + 427.4 <0.001
Other treatments 183.4 + 426.4 109.5 + 238.7 NS 154.5 + 380.3 236.1 + 477.4 NS

Pooled costs (€ per patient)
Inhalersa (LABA, ICS,

short- or long-acting
anticholinergics)

676.8 + 539.6 1217.8 + 544.8 <0.001 712.7 + 575.7 932.3 + 536.0 0.001

Oral antibioticsb 169.6 + 2320.6 49.7 + 146.9 NS 166.9 + 2409.7 93.7 + 149.3 NS
Exacerbationsc

(emergencies,
admissions, antibiotics)

1212.7 + 3610.1 3025.9 + 5327.2 0.032 969.4 + 3084.8 3396.7 + 5850.5 <0.001

Total costd 4168.5 + 5803.9 7448.5 + 7934.6 <0.001 3892.2 + 5581.2 7520.5 + 7744.1 <0.001
Percentages of costs (%)

Inhalers as against total
cost

46.0 + 39.1 46.7 + 38.5 NS 50.8 + 40.2 30.6 + 30.8 <0.001

Exacerbations as against
total cost

22.9 + 33.4 24.2 + 30.1 NS 19.1 + 30.9 36.3 + 35.9 <0.001

Inhaled antibiotics as
against total cost

17.8 + 33.0 18.8 + 29.5 NS 17.4 + 32.7 19.8 + 31.6 NS

Admissions as against
total cost

11.8 + 26.8 20.1 + 27.9 0.019 9.6 + 23.8 25.9 + 34.1 <0.001

Oral antibiotics as
against cost of
exacerbations

61.9 + 46.3 44.6 + 49.1 0.017 62.8 + 46.6 50.4 + 47.6 0.033

Admissions as against
cost of exacerbations

24.4 + 41.1 48.8 + 47.0 <0.001 24.0 + 41.2 38.5 + 45.7 0.005

LABA: long-acting beta-agonists; ICS: inhaled corticoids.
aInhalers pooled costs is the sum of costs of LABA, ICS and short- or long-acting anticholinergics that each patient took during the year.
bOral antibiotics pooled costs is the sum of costs of all courses of antibiotics that each patient needed for exacerbation during the year.
cExacerbations pooled costs is the sum of costs of all the emergency room visits, hospital admissions and courses of antibiotics that each
patient required for exacerbation during the year.
dTotal cost is the sum of all the evaluated costs.
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antibiotics), which represent 64% of the total cost.

Most of the COPD studies exclude patients with

BE, so our study is the first to evaluate financial

aspects in patients with both diseases.

FEV1%, age, colonization by PA and the number of

hospital admissions were variables independently

associated with a higher total cost, as were FACED

score and Charlson index. As hospital admission was

the greatest unit cost, its statistical relationship with

total cost is obvious. The rest of the variables were

interrelated, and they represent an increased cost

because they give rise to more treatments and hospital

admissions. Thus, patients with an FEV1% < 50%
received more intensive maintenance treatments

(basically inhalers, oxygen therapy and physiother-

apy) but also required more admissions (p < 0.001).

Patients colonized by PA received expensive treat-

ments and required more admissions (p < 0.001).

Older patients presented a lower FEV1% and were

readmitted to hospital more frequently. The associa-

tion of FACED score with a higher cost is due to the

fact that several of its component parts are indepen-

dently associated with higher costs. Finally, the

Charlson index has already demonstrated its relation-

ship with higher sanitary costs.35 As age plays a very

important role in its final value, it is not surprising that

it was also associated with higher costs in our patients.

We identified three subgroups of patients associ-

ated with higher costs: patients with BE associated

with COPD, patients with more than two exacerba-

tions and patients with CBC by PA. All of them are

possible targets for interventions designed to reduce

health expenditure. The first of these subgroups has

scarcely been considered in pharmacoeconomic stud-

ies, as COPD studies tend to exclude patients with BE

and vice versa. They presented a poorer FEV1%,

required more maintenance treatments and hospital

admissions. An early diagnosis of BE in patients with

COPD is required (patients with FEV1 < 50%, isola-

tion of PPM and at least one hospital admission in the

previous year),36 as well as an optimization of its

baseline treatment in order to avoid CBC and exacer-

bations. The subgroup of exacerbator patients had a

comparable cost per patient (€7520.5), and a consid-

erable impact on the overall cost (34.5%), due to

treatment of exacerbations, but also to baseline treat-

ments, oxygen therapy and convalescence, which

were heavily used. Finally, patients with CBC by

PA were the subgroup with the greatest impact on

overall cost (69.1%). They had more admissions than

those who were not colonized, but most of their costs

were due to their baseline treatments, particularly

inhaled antibiotics (€3682.4 per patient). It is very

important to investigate if early treatment after the

first isolation of PA can avoid CBC, exacerbations

and hospital admissions, and thus reduce costs.

Our study has the merit of being the first study to

evaluate the direct annual cost of the treatment of BE

in a group of patients managed along the same lines,

monitored in specialized outpatient clinics for BE

with a strict application of the available guide-

lines.26,37 One limitation of the study is the small

number of patients included. However, they are rep-

resentative of those that are usually managed in spe-

cialized clinics. Given that they also come from very

different populations, we believe that the costs results

are applicable to most patients with bronchiectasis

that are managed by Pneumologists in our country

(Primary Care patients are probably less expensive).

Another of the limitations of our study is the possible

selection bias due to the exclusion of patients with

insufficient data. Nevertheless, we consider it was

minimal, thanks to the use of electronic medical

records with systematic data collection. We used a

cost for hospital admission (€3783.61)27 that probably

undervalued its impact. However, as we do not know

the real cost of an admission for exacerbation of BE,

we assigned this cost as it is a trustworthy parameter,

as it was the mean cost of more than 7000 admissions

in our country, and therefore applicable to all partici-

pating hospitals. Finally, we did not evaluate the pos-

sible influence on the cost of comorbidities, although

we did evaluate Charlson comorbidity index, which

was less strongly associated with total cost than the

other variables.

Bearing in mind the results of our study, as well as

the increase in BE prevalence17,18 and in the number

of hospital admissions it causes,10,19 strategies are

required to optimize its management. It would be

appropriate to monitor severe patients in specialized

outpatient clinics for BE, in order to harmonize the

baseline treatment according to available guide-

lines26,37 and apply antibiotic treatments at the correct

dosages and time periods, thereby controlling CBC

and reducing the need for hospital admissions.

Strategies that need improvement include patient

self-care38 and the use of day hospitals and home

intravenous antibiotic therapy39 in case of exacerba-

tion. The great outlay on inhaled corticosteroids is

striking and should be reduced, given the scanty evi-

dence on its benefits and the possibility that it may be

counterproductive by altering airway microbiome.40
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We believe that pharmacoeconomic studies like this

one are necessary, in order to help determine whether

specific treatments such as inhaled antibiotics, are

cost-effective as a means of reducing hospital admis-

sions or the need for more expensive therapies.

In conclusion, our results show that patients with

BE represent a high direct annual cost in treatments,

which rises with the severity of the disease, as mea-

sured by the FACED score. The variables associated

with higher costs are FEV1%, age, colonization by PA

and the number of hospital admissions. It is essential

to establish clinical management strategies to opti-

mize expenses in the stable phase, reduce the exacer-

bations and hospital admissions, control CBC and

make an early diagnosis of BE in patients with COPD.

In order to define more precisely the real impact of

BE on the healthcare system as well as the efficiency

of the treatments applied, further studies are needed to

calibrate the overall cost of patients by including both

direct and indirect expenses, along with the real cost

of hospitalization for BE.
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