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Scientific Letter
Predicting Early Hospital Readmissions in COPD
Patients Using an Electronic Nose
To the Director,
Exacerbations of Chronic Obstructive Pulmonary Disease
(ECOPD) are associated with poor clinical outcomes and account
for a great proportion of the economic burden of the disease.1,2 In
addition, patients hospitalized because of ECOPD have increased
risk of future hospital readmissions.3,4 An important proportion of
these readmissions occurred early (in the first 90 days) of hospital
discharge,5,6 which is related to poor clinical outcomes including higher mortality.7 Prospective research in this area is needed,
to identify novel and simple interventions that are effective and
implementable at scale.8
The electronic nose (e-nose) is a non-invasive technology
that contains an array of electronic chemical sensors capable of
identifying volatile organic compounds (VOC) breath-prints.9,10
Some previous studies using e-nose have reported specific breathprints in patients with COPD,11 asthma,12 diffuse interstitial lung
diseases13 and airway infections.14–16 The aim of this study is to
investigate whether e-nose can reliably identify a group of patients
hospitalized because of ECOPD at risk of early readmission after
discharge.
This is a prospective, observational cohort study conducted in
a respiratory ward at a university hospital in Barcelona, Spain,
that included patients hospitalized due to ECOPD. The sample size
needed for this study was estimated on the basis of results previously reported by our group.16,17 Patients were followed-up during
90 days after hospital discharge. Readmission was defined as a
new hospital admission due to ECOPD.1 The study protocol was
approved by the institutional review board (IIBSP-BRO-2015-92)
and all patients signed their informed consent. STROBE guidelines
were used to ensure the reporting of this observational study.
Exclusion criteria were other respiratory diseases, pneumonia or
heart failure at admission. Patients with cancer or a life expectancy
of less than 6 months were also excluded. To assess VOC profiles by
e-nose, exhaled gas was collected during the first 12 h of admission
as previously described.12,17,18 In summary, exhaled breath samples of patients admitted for ECOPD were collected in 10 l Tedlar
bags after 3 min of tidal breathing through a Hans-Rudolph valve.
The e-nose device (Cyranose 320® ; Smith Detections, Pasadena, CA)
was then connected to the Tedlar bag for 5 min. It requires one
minute of purging and 5 min of sampling in one-minute periods.
The exposure to exhaled breath generated a breath-print VOC profile for each subject. Breath-print data from all participants was
analyzed using a pattern recognition application built in the MATLAB software (v.R2012a) as we described previously.14,17 In short,
raw data was reduced to three principal factors by principal component analysis (PCA). These PCA factors were used to perform a
univariate ANOVA, followed by post-hoc least significant differ-
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ence test. Patients were then classified into a categorical division
using a linear canonical discriminant analysis, calculated as the one
that obtained the better percentage of correctly classified subjects.
The discriminant function was trained with all minus one subject
samples. Then, the remaining samples were tested. This process
known as the “leave-one-out” method was repeated for all subjects, thus building the percentage of correctly classified patients
which defined cross-validation accuracy values. A Receiver Operating Characteristics (ROC) curve was then generated. The area
under the ROC curve (AUC) was calculated with multiple logistic
regression, to determine the specificity, sensitivity, positive (PPV)
and negative predictive values (NPV) of e-nose to identify patients
requiring readmission at 30 or 90 days after discharge. Statistical
significance was defined by a 2-tailed p-value <0.05.
A total of 89 patients were included in the study. Most of them
(91%) were males with a mean age of 72 ± 9.2 and median FEV1
40% [25–50]. Twenty of them (23%) were current smokers, and
hypertension was the most common comorbidity (66%), followed
by diabetes mellitus (29%). Seventy-five (84%) patients had taken
inhaled corticosteroid (ICS) the previous year and 37 (42%) were
on long-term oxygen therapy. On hospital admission, median PaO2
was 56 [50.4–64.1] mmHg, PaCO2 45 [40–54.6] mmHg and Creactive protein 61 [18.5–130.6] mg/L. Thirty-four (38%) patients
had a positive sputum culture for potentially pathogenic microorganisms (PPM), being Pseudomonas aeruginosa the most commonly
isolated one (n = 19, 56%). After discharge, 17 patients (19%) were
readmitted at 30 days and 33 (37%) at 90 days. There were no statistically significant differences in clinical, demographic or treatment
variables on admission between patients readmitted or not readmitted at 30 days, except that the readmitted group had higher
levels of platelets (307 [242.5–372.5] vs 234.5 [184–297.3] U/ml,
p = 0.02) and PaCO2 (54 [43.8–62.3] vs 44 [39.3–52] mmHg,
p = 0.03) at admission. We did not observe any significant difference at baseline between patients readmitted at 90-days or
not.
Breath profiles determined by the e-nose at baseline in patients
readmitted at 30 days or 90 days were significantly different from
those observed in patients who were not readmitted during followup. Cross-validated accuracy was 88% at 30 days and 73% at 90 days
(p < 0.001, both). Sensitivity was 90% at 30 days and 76% at 90 days.
Specificity was 77% at 30 days and 79% at 90 days. PPV and NPV
was 0.94 and 0.54 at 30 days and 0.86 and 0.57 at 90 days. The AUC
was 0.84 for readmissions at 30 days and 0.83 for readmissions at 90
days (Fig. 1). To get further insight into potential variables influencing breath signatures, we perform a subgroup analysis comparing
patients according to severity of airflow limitation, smoking status, use of ICS and presence of airway infection on admission. We
did not find significant differences in breath-print analyses across
these groups except for patients with P. aeruginosa at admission
(Fig. 2).
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Fig. 1. VOC (breathprint) profile in patients readmitted at 30 and 90 days. (A) Principal component analysis showing differences in breathprint between patients readmitted
and not readmitted during the follow up. (B) AUROC curve for the discrimination of readmitted patients according to their breathprint.

Fig. 2. VOC (breathprint) profile in patients with positive sputum for P. aeruginosa or other PPM. (A) Principal component analysis showing differences in breathprint between
patients with positive sputum culture for P. aeruginosa and other PPM. (B) AUROC curve for the discrimination of patients with positive sputum for P. aeruginosa according
to their breathprint.

The main finding of this study is that an e-nose can identify accurately ECOPD patients at risk of early hospital readmission. Several
previous studies have tried to recognize useful clinical parameters for predicting early readmission of ECOPD patients but, so
far, results are conflicting.19,20 Similarly, our study did not show
any clinical variable consistently associated with an increased 30day or 90-day readmission risk. By contrast, e-nose was able to
detect differential breath-prints patterns among early readmitted
patients (Fig. 1), particularly in those with ECOPD due to P. aeruginosa (Fig. 2). These findings are consistent with previous reports
from our group on the performance of e-nose in patients with COPD,
both during clinical stability14 and ECOPD episodes.16
E-nose can detect changes in other conditions also characterized by pulmonary inflammation, such as COPD,11 asthma12 and

bronchiectasis.14 In fact, Fens et al. showed that exhaled molecular
profiles are strongly associated with the type of airway inflammatory cells and their activation status in patients with ECOPD.11 Our
result show, for the first time to our knowledge, that an e-nose can
be also useful to identify a subgroup of hospitalized ECOPD patients
at risk of early readmission after discharge.
Previous studies have demonstrated that P. aeruginosa is associated with a different VOC profile, potentially because specific VOCs
may be produced by bacterial metabolism.14 In our study, patients
with a positive sputum culture for P. aeruginosa had different VOC
breath-prints vs. those infected with other PPM with no differences
in other clinical characteristics that may modify VOCs profile.
The major strength of our study is that it tests prospectively a
novel and non-invasive diagnostic tool (e-nose) to identify hospi664
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talized ECOPD patients at risk of early hospital readmission after
discharge. However, we acknowledge that our study also has limitations. First, although sample size was formally estimated based
on results previously reported by our group using the same enose,16,17 larger studies are needed to validate our findings. Second,
we did not collect airway and blood samples from this cohort of
patients to determine inflammatory markers. We plan to include
these measurements in future studies using e-nose technology.
Finally, we analyze our e-nose data using discriminant analyses,
but we did not use gas chromatography or mass spectrometry to
study the molecular correspondence of the different VOC patterns
determined.
In conclusion, an electronic nose can identify hospitalized
ECOPD patients at risk of early readmission after discharge.
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Neumologia y Cirugía Torácica (SEPAR), Societat Catalana de Pneumologia (SOCAP), Fundació Catalana de Pneumologia (FUCAP) and
Instituto de Salud Carlos III-Fondos FEDER (PI18/00311).
Conflict of interest
None declared.
Acknowledgements
Authors thank participants for their willingness to contribute to
medical research.
References
1. Celli BR, Barnes PJ. Exacerbations of chronic obstructive pulmonary disease. Eur
Respir J. 2007;29:1224–38, http://dx.doi.org/10.1183/09031936.00109906.
2. Soler-Cataluña JJ, Martínez-García MA, Román Sánchez P, Salcedo E,
Navarro M, Ochando R. Severe acute exacerbations and mortality in
patients with chronic obstructive pulmonary disease. Thorax. 2005;60:925–31,
http://dx.doi.org/10.1136/thx.2005.040527.
3. Müllerova H, Maselli DJ, Locantore N, Vestbo J, Hurst JR, Wedzicha JA, et al.
Hospitalized exacerbations of COPD: risk factors and outcomes in the ECLIPSE
cohort. Chest. 2015;147:999–1007, http://dx.doi.org/10.1378/chest.14-0655.
4. Roberts MH, Clerisme-Beaty E, Kozma CM, Paris A, Slaton T, Mapel DW. A retrospective analysis to identify predictors of COPD-related rehospitalization. BMC
Pulm Med. 2016;16:68, http://dx.doi.org/10.1186/s12890-016-0231-3.
5. Jencks SF, Williams MV, Coleman EA. Rehospitalizations among patients in
the medicare fee-for-service program. N Engl J Med. 2009;360:1418–28,
http://dx.doi.org/10.1056/NEJMsa0803563.
6. Lindenauer PK, Pekow P, Gao S, Crawford AS, Gutierrez B, Benjamin
EM. Quality of care for patients hospitalized for acute exacerbations of
chronic obstructive pulmonary disease. Ann Intern Med. 2006;144:894–903,
http://dx.doi.org/10.7326/0003-4819-144-12-200606200-00006.
7. Guerrero M, Crisafulli E, Liapikou A, Huerta A, Gabarrús A, Chetta A, et al.
Readmission for acute exacerbation within 30 days of discharge is associated with a subsequent progressive increase in mortality risk in copd
patients: a long-term observational study. PLOS ONE. 2016;11:e0150737,
http://dx.doi.org/10.1371/journal.pone.0150737.

Archivos de Bronconeumología 58 (2022) 663–665
8. Alqahtani JS, Mandal S, Hurst JR. The impact of re-admissions in COPD. Arch
Bronconeumol. 2021, http://dx.doi.org/10.1016/j.arbres.2021.06.006.
9. Dragonieri S, Pennazza G, Carratu P, Resta O. Electronic nose
in
respiratory
diseases.
Lung.
2017;195:157–65,
technology
http://dx.doi.org/10.1007/s00408-017-9987-3.
10. Scarlata S, Pennazza G, Santonico M, Pedone C, Antonelli Incalzi R. Exhaled
breath analysis by electronic nose in respiratory diseases. Expert Rev Mol Diagn.
2015;15:933–56, http://dx.doi.org/10.1586/14737159.2015.1043895.
11. Fens N, Zwinderman AH, Van Der Schee MP, De Nijs SB, Dijkers E, Roldaan AC,
et al. Exhaled breath profiling enables discrimination of chronic obstructive pulmonary disease and asthma. Am J Respir Crit Care Med. 2009;180:1076–82,
http://dx.doi.org/10.1164/rccm.200906-0939OC.
12. Dragonieri S, Schot R, Mertens BJA, Le Cessie S, Gauw SA, Spanevello A, et al. An electronic nose in the discrimination of patients
with asthma and controls. J Allergy Clin Immunol. 2007;120:856–62,
http://dx.doi.org/10.1016/j.jaci.2007.05.043.
13. Castillo Villegas D, Barril S, Giner J, Millan-Billi P, Rodrigo-Troyano A,
Merino JL, et al. Study of diffuse interstitial lung disease with the
analysis of volatile particles in exhaled air. Arch Bronconeumol. 2021,
http://dx.doi.org/10.1016/j.arbres.2021.03.014. S0300-2896(21)00112-5.
14. Suarez-Cuartin G, Giner J, Merino JL, Rodrigo-Troyano A, Feliu A, Perea L,
et al. Identification of Pseudomonas aeruginosa and airway bacterial colonization by an electronic nose in bronchiectasis. Respir Med. 2018;136:111–7,
http://dx.doi.org/10.1016/j.rmed.2018.02.008.
15. van Velzen P, Brinkman P, Knobel HH, van den Berg JWK, Jonkers RE, Loijmans
RJ, et al. Exhaled breath profiles before, during and after exacerbation of COPD:
a prospective follow-up study. COPD J Chronic Obstr Pulm Dis. 2019;16:330–7,
http://dx.doi.org/10.1080/15412555.2019.1669550.
16. Shafiek H, Fiorentino F, Merino JL, López C, Oliver A, Segura J, et al. Using the
electronic nose to identify airway infection during COPD exacerbations. PLOS
ONE. 2015;10:1–16, http://dx.doi.org/10.1371/journal.pone.0135199.
17. Sibila O, Garcia-Bellmunt L, Giner J, Merino JL, Suarez-Cuartin G, Torrego A,
et al. Identification of airway bacterial colonization by an electronic nose
in chronic obstructive pulmonary disease. Respir Med. 2014;108:1608–14,
http://dx.doi.org/10.1016/j.rmed.2014.09.008.
18. Paff T, van der Schee MP, Daniels JMA, Pals G, Postmus PE, Sterk PJ,
et al. Exhaled molecular profiles in the assessment of cystic fibrosis and primary ciliary dyskinesia. J Cyst Fibros. 2013;12:454–60,
http://dx.doi.org/10.1016/j.jcf.2012.12.010.
19. Rodrigo-Troyano A, Suarez-Cuartin G, Peiró M, Barril S, Castillo D, SanchezReus F, et al. Pseudomonas aeruginosa resistance patterns and clinical outcomes in hospitalized exacerbations of COPD. Respirology. 2016,
http://dx.doi.org/10.1111/resp.12825.
20. Rodrigo-Troyano A, Melo V, Marcos PJ, Laserna E, Peiro M, Suarez-Cuartin G, et al.
Pseudomonas aeruginosa; in chronic obstructive pulmonary disease patients
with frequent hospitalized exacerbations: a prospective multicentre study. Respiration. 2018;96:417–24, http://dx.doi.org/10.1159/000490190.

Ana Rodrigo-Troyano a , Jordi Giner b , Lidia Perea c,d ,
Jose Luis Merino e , Núria Albacar d , Belén Solarat d ,
Diego Castillo b , Rosa Faner c,d , Alvar Agustí c,d , Oriol Sibila d,∗
a

Servicio de Neumologia. Hospital Universitario Son Espases, 07020
Palma de Mallorca, Spain
b Servicio de Neumologia, Hospital de la Santa Creu i Sant Pau,
Universitat Autònoma de Barcelona, 08041 Barcelona, Spain
c CIBER Enfermedades Respiratorias, Spain
d Instituto Respiratorio, Hospital Clínic, IDIBAPS, Universitat de
Barcelona, 08036 Barcelona, Spain
e Grupo de Sistemas Electrónicos, Universitat de les Illes Balears,
07122 Palma de Mallorca, Spain
Corresponding author.
E-mail address: osibila@clinic.cat (O. Sibila).

665

