Sudan Journal of Medical Sciences
Volume 19, Issue no. 4, DOI 10.18502/sjms.v19i4.15854

KAE Publishing

Production and Hosting by KnE Publishing

Corresponding Author: Amro
Mohamed Fagir Farah; email:

amrmff@yahoo.com

Received: 24 March 2024
Accepted: 13 July 2024
Published: 31 December 2024

Production and Hosting by
KnE Publishing

€ Hadeel Kareem Aladdin et
al. This article is distributed
under the terms of the Creative
Commons Attribution License,
which permits unrestricted use
and redistribution provided that
the original author and source

are credited.

Editor-in-Chief:

Prof. Nazik EImalaika Obaid
Seid Ahmed Husain, MD, M.Sc,
MHPE, PhD.

‘ '.) Check for updates ‘

Research Article

Factors Associated with Poor Asthma Control
among Sudanese Patients Attending Atbara
Teaching Hospital in Sudan

Hadeel Kareem Aladdin', Sufian Khalid Mohammed Noor?, Amro Mohamed
Fagir Farah{®3*, and Sara Osman Elamin Bushara®

1I-R’egistrar of Internal Medicine, Sudan Medical Specialization Board, Khartoum, Sudan
2Department of Medicine, of Medicine, Nile Valley University, Faculty, Atbara, Sudan
3Internal Medicine Specialist, Al Ain Hospital, Al Ain, UAE

4Department of Medicine, Faculty of Medicine, Nile Valley University, Atbara, Sudan

Objective: To identify factors associated with poor bronchial asthma control in patients
attending Atbara Teaching Hospital, Sudan, in 2020.

Methods: This was an analytical, descriptive, cross-sectional hospital-based study
conducted at the Atbara Teaching Hospital in River Nile State, Sudan, between
February and June 2020. All patients diagnosed with bronchial asthma who were
attending any hospital department were included.

Results: In total, 292 patients were enrolled, 51.4% were aged 18—-45 years and 51.4%
were female. The most frequent complaints were an audible wheeze and shortness
of breath (approximately 93%), and 49% had been diagnosed with asthma >10 years
previously. Of the patients, 42% were admitted 1to 3 times and 47.3% were admitted to
the intensive care unit (ICU). Hospital admission was associated with improper inhaler
use (P = 0.003), the presence of triggers at home or work (P = 0.003), and passive
smoking (P = 0.016). ICU admission was associated with female sex (P = 0.039) and
the presence of triggers at home or work (P = 0.026).

Conclusion: Asthma is a major problem in Atbara City. Improper inhaler use, the
presence of triggers at home or work, and passive smoking were significantly
associated with hospital admission. Female sex and the presence of triggers at home
or work were significantly associated with ICU admission.

Keywords: poor asthma control, bronchoconstriction, exacerbation of asthma, asthma
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1. Introduction

Asthma is a chronic disease caused by airway
inflammation that results in narrowing or bron-
Worldwide,
334 million people are affected by asthma [2].
According to the World Health Survey (2002-
2003), the prevalence of asthma is 4—-8% in some

choconstriction of the airways [1].

African countries [2].

According to a systematic review by Song et al.
[3], the prevalence of asthma in people aged 5-69
years worldwide was estimated to be 11.5% (95%
confidence interval [CI] = 9.1-14.3), 17.9% (95% CI
=14.2-22.3), 5.4% (95% Cl = 3.2-9.0), and 9.8%
(95% Cl = 7.8-12.2), based on different asthma
definition of current wheezing, ever wheezing,
current asthma, and ever asthma, respectively.
According to World Health Organization (WHO)
data, deaths due to asthma in Sudan reached 1.04%
(2639). Moreover, Sudan ranks 41st in the world
in terms of asthma deaths, with an age-adjusted
mortality rate of 11.98 per 100,000 population [4].

Genetic susceptibility, exposure to allergens
such as pollen and house dust mite, air pollution
(indoor and outdoor), tobacco smoking (active
and passive), urban living, and viral respiratory
infections are all associated with asthma [5-7].
In addition, family history, young age, previous
illnesses such as tuberculosis, and currentillnesses
such as hypertension have been found to be risk
factors for asthma in various studies [3, 7].

Several international studies have addressed
poor symptom control reported by both physicians
and patients [8, 9]. Poor control of asthma was
found in a sample of the country’s general
population: in the Recognize Asthma and Link to
Symptoms and Experience (REALISE) survey, 45%

of respondents had uncontrolled asthma [9].

In all the aforementioned studies, limited atten-
tion was paid to important risk factors other
than treatment-related problems and poor asthma
control, such as exposure to allergens and irritants
[10, 1]. Implementing interventions that address
these factors is important for improving asthma-
related quality of life.

2. Materials and Methods
21. Study design

This study is a cross-sectional, descriptive hospital-
based study.

2.2. Study site
Inpatients and outpatients in the respiratory clinic

and respiratory wards at Atbara Teaching Hospital
in River Nile State, Sudan.

2.3. Study duration

Five months, from February to June 2020.

2.4. Study population

All patients diagnosed with bronchial asthma.

2.5. Inclusion criteria

(i) Age over 18 years and

(ii) Receiving treatment for asthma for at least

one year.

2.6. Exclusion criteria

Patients with comorbid heart disease.
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2.7. Sampling

All eligible patients were included. Sampling was
not employed.

2.8. Data collection method and tools

Data were collected through direct interviews with
patients using a close-ended questionnaire. The
questionnaire included information on patients’
sociodemographic characteristics, clinical history
and examination, and risk factors that could
contribute to poor asthma control.

Poor asthma control was measured by the
number of asthma exacerbations requiring hospital

or intensive care unit (ICU) admission.

2.9. Data management and statistical
analysis

Data were analyzed using the SPSS (version 25;
IBM Corp., Armonk, NY, USA). Categorical data
were reported as frequencies and percentages,
and continuous data were reported as mean
and standard deviation. Binary logistic regression
was used to assess factors contributing to poor
asthma control. P-values < 0.05 were considered
statistically significant.

3. Results

Two hundred and ninety-two patients were
enrolled in this study. More than half of the patients
were aged 18-45 years. Of those, 51.4% were
female, 66.1% were married, and the most common
occupation was housewife (21.2%). The patients’
other sociodemographic characteristics are shown
in Table 1.

The most frequently reported symptoms were
audible wheezing (93.8%) and shortness of breath

(93.5%). Approximately half of the patients had had
asthma for >10 years.

As shown in Table 1, 42% of the patients
had been admitted to the hospital one to three
times and 47.3% were admitted to the ICU. Of
the patients, 20.8% had a medical history of
hypertension or ischemic heart disease (IHD), and
62.3% received beta blockers for hypertension
or IHD. Moreover, 61.3% of the patients used a
beta-2 agonist inhaler and 74.7% used inhaled
corticosteroids. More than half of the participants
reported good drug compliance.

On clinical examination, the mean pulse rate was
96 + 15 beats per min and the mean blood pressure
was 110/69 mmHg. The average respiratory rate
was 24 + 5 breaths per min with a mean oxygen
saturation of 93%.

Furthermore, 58% of the patients had proper
inhalation use technics. Most of the patients (80%)
reported triggers at home or work. Additionally,
65% reported symptoms of exacerbation, of whom
91.6% reported discussing the symptoms with a
physician.

While, 31.5% of the patients were smokers and
smoked a mean of 3.5 + 2 packs/day, 41.9%
reported passive smoking exposure, and 28.8%
reported using snuff. Almost all patients (98.6%)

denied alcohol use.

As shown in Table 2, improper inhaler use, the
presence of triggers at home (odds ratio [OR]:
14.339, P = 0.003) or work (OR: 9.949, P = 0.003),
and passive smoking (OR 12.813, P = 0.016) were
significantly associated with hospital admission.

As shown in Table 3, female sex (OR: 2.047, P
= 0.039) and the presence of triggers at home or
work (OR: 2.310, P = 0.026) were the significantly
associated with ICU admission.
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TABLE 1: Socio-demographic characteristics and medical history of asthmatic patients attending Atbara Teaching Hospital.

Age (yrs) 18-45

Female

Not married

Farmer

Medical field

Others

Hospital admission

4-6 times

ICU admission

Beta blocker for HTN or IHD

Addictive

Unavailable

Stop inhaled corticosteroids when seem Yes
to be improved

Unavailable

TABLE 2: Factors affecting hospital admission among asthmatic patients attending Atbara Teaching Hospital.

0.291 1.477
Compliance to medications 0.461 0.594
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TABLE 2: Continued.

Triggers at work or home

physician discusses symptoms of exacerbation
Active smoking

Snuffer

Passive smoking

Alcohol

P-value Odds ratio
0.003 9.949
0.116 2.816

0.15 0.071
0.150 3132
0.016 12.813
0.999 0.00

TABLE 3: Factors affecting ICU admission among asthmatic patients attending Atbara Teaching Hospital.

Age

Gender

Compliance to medications

Technique of inhaler use

Triggers at work or home

Physician discusses symptoms of exacerbation
Active smoking

Snuffer

Passive smoking

Alcohol

4. Discussion

Asthma is the leading cause of disability and
mortality in both children and adults. According
asthma

to different national and international

guidelines, controlling asthma symptoms and
preventing asthma flare-ups are the main goals in
the treatment of asthma, and it is imperative to
assess each patient’s asthma control status. This
study aimed to investigate the factors contributing
to poor asthma control in patients with asthma

attending the Atbara Teaching Hospital.

Females predominated in this study, which is
consistent with the findings of studies by Burr
et al, Almqvist et al, and Postma et al. [12-
14]. However, other studies have reported a
male dominance [15, 16]. In this study, audible
wheezing was the most common symptom in

asthmatics, which is consistent with other studies

P-value Odds ratio
0.143 1.355
0.039 2.047
0.353 1.400
0.172 0.627
0.026 2.310
0.326 1.376
0.490 0.732
0.352 0.845
0.331 1.507
0.999 0.000

[15]. When asthma is not controlled, the first step
is to assess the adequacy of the prescription
and patient adherence to medications because
nonadherence leads to increased morbidity and
mortality [17]. Questionnaire responses revealed
that 47% of participants had poor medication
adherence, which is consistent with the results of
studies by Apter et al., Milgrom et al., and Bender
et al., which found that only a small proportion
of people with asthma regularly take prescription
medications [18-20]. Medication nonadherence
was not identified as a risk factor for hospital or
ICU admission, although many previous studies
have reported an association between medication
adherence and reduced rates of asthma exacerba-
tion [21].

Most patients in this study had asthma for 10
years or longer. Long disease duration, which

reflects longstanding inflammation, was the main
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cause of uncontrolled asthma. This result was
consistent with that of a study by Cassino et al.,
which found a significant relationship between a
longer duration of asthma and a lower predicted
FEV1 value [22]. The same study also found a
significant difference in functional residual capacity
(FRC) according to asthma duration, suggesting
that chronic asthma can lead to irreversible
changes in the airways, leading to parenchymal

remodeling [22].

Our study assessed the association between
hospitalization owing to uncontrolled asthma and
inadequate inhalation technique. The findings
were similar to those of a Saudi study, which
found an association between inappropriate use
of asthma inhalers and uncontrolled asthma [23].
Similar findings were also reported in Ethiopian,
and Nigerian studies, with ORs of 2.5 (95% CI: 1.26—
4.98) and 18.9 (95% ClI: 2.3-155.6), respectively [24,
25]. Inadequate inhalation technique decreases
drug delivery and effectiveness, which in turn
contributes to uncontrolled asthma.

In this study, home or work triggers were signifi-
cantly associated with hospital and ICU admission
rates. This finding is consistent with previous
studies, which have shown that frequent exposure
to multiple triggers exacerbates asthma [26-28].
Asthma guidelines recommend that patients with
asthma identify triggers and reduce exposure to
these triggers to improve control and reduce their
need for medication [29, 30]. Our study found
that smoking was significantly associated with
hospitalization. This is consistent with the results
of previous studies by Kiljander et al., Boulet et
al., and Braido et al. which showed that smoking
negatively affects asthma control, although the
definitions of control differed between studies
[31-33]. Furthermore, Colak et al. assessed the
effect of active smoking and showed that active

smokers had a higher risk of exacerbations than
nonsmokers [34].

This study has limitations, as it is a cross-
sectional study, and association does not imply
causality. Recall bias may also have influenced
patient responses. Despite these limitations, this
study was able to assess the level of asthma control
and related factors in patients attending Atbara
Teaching Hospital in Sudan.

5. Conclusion

Asthma is a major health problem in Atbara, Sudan.
Inappropriate inhaler use, home and work triggers,
and exposure to secondhand smoke were signifi-
cant predictors of hospitalization, whereas female
sex and the presence of home or work triggers
were significant predictors of ICU admission.

Declarations
Acknowledgements

None.

Ethical Considerations

Ethical clearance was obtained from the Scientific
Research and Publishing Unit of Nile Valley
University and the hospital authorities. Written
consent was obtained from the participants.

Competing Interests

None.

Availability of Data and Material

All data presented in this article or any additional

information shall be available on request.

DOI 10.18502/sjms.v19i4.15854

Page 437



Sudan Journal of Medical Sciences

Hadeel Kareem Aladdin et al

Funding

None.

Abbreviations and Symbols

FEV1: Forced expiratory volume in 1 second
FRC: Functional residual capacity

HTN: Hypertension

ICU: Intensive care unit

IHD: Ischemic heart disease

WHO: World Health Organization

References

[1] Luyster, F. S., Teodorescu, M., Bleecker, E., Busse,
W., Calhoun, W.,, Castro, M., Chung, K. F., Erzurum,
S., Israel, E., Strollo, P. J., & Wenzel, S. E. (2012). Sleep
quality and asthma control and quality of life in non-
severe and severe asthma. Sleep and Breathing,
16(4), 1129-1137. https://doi.org/10.1007/s11325-011-
0616-8

[2] To, T., Stanojevic, S., Moores, G., Gershon, A. S,,
Bateman, E. D., Cruz, A. A., & Boulet, L. P. (2012).
Global asthma prevalence in adults: Findings from
the cross-sectional world health survey. BMC Public
Health, 12(1), 204. https://doi.org/10.1186/1471-2458-
12-204

[3] Song, P, Adeloye, D., Salim, H.,, Dos Santos,
J. P, Campbell, H.,, Sheikh, A., & Rudan, I
(2022). Global, regional, and national prevalence
of asthma in 2019: A systematic analysis and
modelling study. Journal of Global Health, 12,
04052. https://doi.org/10.7189/jogh.12.04052

[4] WORLDHEALTHRANKINGS. (n.d). Sudan: Asthma.
https:/www.worldlifeexpectancy.com/sudan-asthma

J. A., Forno, E,

Martinez, C. E., & Celedén, J. C. (2016). Risk

and protective factors for childhood asthma: What

[5] Castro-Rodriguez, Rodriguez-

is the evidence? The Journal of Allergy and

Clinical Immunology. In Practice, 4(6), 1111-1122.
https:/doi.org/10.1016/j.jaip.2016.05.003

[6] Cazzoletti, L., Marcon, A., Corsico, A., Janson, C.,
Jarvis, D., Pin, I., Accordini, S., Bugiani, M., Cerveri,
l., Gislason, D., Gulsvik, A., de Marco, R., & the
Therapy and Health Economics Group of the Euro-
pean Community Respiratory Health Survey. (2010).
Asthma severity according to Global Initiative for
Asthma and its determinants: An international study.
International Archives of Allergy and Immunology,
151(1), 70-79. https://doi.org/10.1159/000232572

[71 Wong, K., Rowe, B., Douwes, J., & Senthilselvan,
A. (2010). International prevalence of asthma and
wheeze in adults: Results from the world health
survey. American Journal of Respiratory and Critical
Care Medicine, 181, A3117.

[8] Price, D, M., & van der Molen, T.
(2014). Asthma control and management in 8,000

Fletcher,

European patients: The REcognise Asthma and LInk
to Symptoms and Experience (REALISE) survey.
NPJ Primary Care Respiratory Medicine, 24, 14009.
https:/doi.org/10.1038/npjpcrm.2014.9

[9] Braido, F., Brusselle, G., Guastalla, D., Ingrassia,
G., Price, D., Roche, N., Soriano,
J. B., Worth, H.; LIAISON Study Group. (2016).
Determinants and impact of suboptimal asthma

E., Nicolini,

control in Europe: International cross-sectional and
longitudinal assessment of asthma control (LIAISON)

study. Respiratory Research, 17(1), 51.

[10] Global Initiative for Asthma (GINA). (2022). Global
strategy for asthma management and prevention.
https://ginasthma.org/gina-reports/

[11] Zeiger, R. S., Schatz, M., Dalal, A. A., Qian, L., Chen,
W., Ngor, E. W,, Suruki, R. Y., & Kawatkar, A. A. (2016).
Utilization and costs of severe uncontrolled asthma
in a managed-care setting. The Journal of Allergy
and Clinical Immunology. In Practice, 4(1), 120-9.e3.
https://doi.org/10.1016/j.jaip.2015.08.003

[12] Burr, M. L., Limb, E. S., Andrae, S., Barry, D.
M., & Nagel, F. (1994). Childhood asthma in

DOI 10.18502/sjms.v19i4.15854

Page 438



Sudan Journal of Medical Sciences

Hadeel Kareem Aladdin et al

four countries: A comparative survey. Interna-
tional Journal of Epidemiology, 23(2), 341-347.

https://doi.org/10.1093/ije/23.2.341

[13] Almqvist, C., Worm, M., Leynaert, B., & the Working
Group of GA2LEN WP 2.5 Gender. (2008). Impact
of gender on asthma in childhood and adoles-
cence: A GA2LEN review. Allergy, 63(1), 47-57.
https:/doi.org/10.1111/j.1398-9995.2007.01524 .x

[14] Postma, D. S. (2007). Gender differences in asthma
development and progression. Gender Medicine,
4(2), S133-S146.  https://doi.org/10.1016/S1550-
8579(07)80054-4

[15] Hussein, S. E., & Ahmed, M. A. (2005). Prevalence
and risk factors of asthma among Wad Medani
basic school children, Gezira state, Sudan. Journal
of Family & Community Medicine, 12(3), 145-148.
https://doi.org/10.4103/2230-8229.97580

[16] Bjornson, C. L., & Mitchell, I. (2000). Gender
differences in asthma in childhood and adolescence.
The Journal of Gender-Specific Medicine, 3(8), 57—
61.

[17] Horn, C. R,, Clark, T. J. H., & Cochrane, G. M. (1990).
Compliance with inhaled therapy and morbidity
from asthma. Respiratory Medicine, 84, 67-70.
https://doi.org/10.1016/S0954-6111(08)80097-2

[18] Apter, A. J.,, Boston, R. C., George, M., Norfleet, A.
L., Tenhave, T., Coyne, J. C., Birck, K., Reisine, S. T,,
Cucchiara, A. J., & Feldman, H. I. (2003). Modifiable
barriers to adherence to inhaled steroids among
adults with asthma: It’'s not just black and white.
The Journal of Allergy and Clinical Immunology, 111,
1219-1226. https://doi.org/10.1067/mai.2003.1479

[19] Milgrom, H., Bender, B., Ackerson, L., Bowry, P,
Smith, B., & Rand, C. (1996). Noncompliance and
treatment failure in children with asthma. The Jour-
nal of Allergy and Clinical Immunology, 98, 1051—
1057. https://doi.org/10.1016/S0091-6749(96)80190-4

[20] Bender, B, Wamboldt, F. S., OConnor, S. L,
Rand, C., Szefler, S., Milgrom, H., & Wamboldt,
M. Z. (2000). Measurement of children’s asthma

medication adherence by self report, mother

report, canister weight, and Doser CT. Annals
of Allergy, Asthma & Immunology, 85, 416-421.
https://doi.org/10.1016/S1081-1206(10)62557-4

[21] Lasmar, L., Camargos, P, Champs, N. S., Fonseca,
M. T., Fontes, M. J, lbiapina, C., Alvim, C, &
Moura, J. A. (2009). Adherence rate to inhaled
corticosteroids and their impact on asthma control.
Allergy, 64(5), 784—-789. https://doi.org/10.1111/j.1398-
9995.2008.01877.x

[22] Cassino, C., Berger, K. I, Goldring, R. M,
Norman, R. G., Kammerman, S., Ciotoli, C,,
& Reibman, J. (2000). Duration of asthma in

the elderly. American Journal of Respiratory
and Critical Care Medicine, 162(4), 1423-1428.
https://doi.org/10.1164/ajrccm.162.4.9912140

[23] Al-Zahrani, J. M., Ahmad, A., Al-Harbi, A., Khan,
A. M., Al-Bader, B., Baharoon, S., Shememeri, A.
A., & Al-Jahdali, H. (2015).
with poor asthma control in the outpatient clinic
setting. Annals of Thoracic Medicine, 10, 100-104.
https://doi.org/10.4103/1817-1737.152450

Factors associated

[24] Gebremariam, T. H., Binegdie, A. B., Mitiku, A. S,
Ashagrie, A. W.,, Gebrehiwot, K. G., Huluka, D. K.,
Sherman, C. B., & Schluger, N. W. (2017). Level of
asthma control and risk factors for poor asthma
control among clinic patients seen at a Referral
Hospital in Addis Ababa, Ethiopia. BMC Research
Notes, 10, 558. https://doi.org/10.1186/s13104-017-
2887-z

[25] Umoh, V. A., Ekott, J. U, M., &
Ekpo, O. (2013). Asthma control among patients

Ekwere,

Indian Journal
27, 27

in Uyo South-Eastern Nigeria.
of Allergy Asthma and Immunology,
https:/doi.org/10.4103/0972-6691.116611

[26] Braman, S. S.

burden of

(2006). The
Chest, 130(1),
https://doi.org/10.1378/chest.130.1_suppl.4S

global

asthma. 4S5-12S.

[27] Demoly, P, Annunziata, K., Gubba, E., & Adamek, L.
(2012). Repeated cross-sectional survey of patient-

reported asthma control in Europe in the past 5

DOI 10.18502/sjms.v19i4.15854

Page 439



Sudan Journal of Medical Sciences

Hadeel Kareem Aladdin et al

years. European Respiratory Review, 21, 66-74.
https:/doi.org/10.1183/09059180.00008111

[28] Goksel, O., Celik, G. E., Oner Erkekol, F.,, Giilli, E.,

Mungan, D., & Misirligil, Z. (2009). Triggers in adult
asthma: Are patients aware of triggers and doing
right? Allergologia et Immunopathologia, 37, 122—
128. https://doi.org/10.1016/S0301-0546(09)71723-9

[29] Lemiere, C., Bai, T., Balter, M., Bayliff, C., Becker,

A., Boulet, L. P, Bowie, D., Cartier, A., Cave,
A., Chapman, K., Cowie, R., Coyle, S., Cockcroft,
D., Ducharme, F. M, S,
FitzGerald, J. M., Hargreave, F. E., Hogg, D.,..
Markham, A. W,, & the Canadian Adult Consensus
Group of the Canadian Thoracic Society. (2004).
Adult Asthma Consensus Guidelines update 2003.

Ernst, P, Finlayson,

Canadian Respiratory Journal, 11(Suppl A), 9A—18A.
https:/doi.org/10.1155/2004/271362

[30] Teach, S. J., Crain, E. F, Quint, D. M., Hylan,

M. L., & Joseph, J. G. (2006). Improved asthma
outcomes in a high-morbidity pediatric popu-
lation: Results of an emergency department-
based randomized clinical trial. Archives of Pedi-
atrics & Adolescent Medicine, 160, 535-541.

https:/doi.org/10.1001/archpedi.160.5.535

[31] Kiljander, T., Poussa, T., Helin, T., Jaakkola, A.,

Venho, K., & Lehtiméki, L. (2020). Symptom

[32

—

control among asthmatics with a clinically sig-
nificant smoking history: A cross-sectional study
in Finland. BMC Pulmonary Medicine, 20, 88.
https://doi.org/10.1186/5s12890-020-1127-9

Boulet, L.-P, FitzGerald, J. M., Mclvor, R. A., Zim-
merman, S., & Chapman, K. R. (2008). Influence of
current or former smoking on asthma management
and control. Canadian Respiratory Journal, 15, 275—
279. https://doi.org/10.1155/2008/725074

[33] Braido, F., Brusselle, G., Guastalla, D., Ingrassia, E.,

[34] Colak, Y., Afzal,

Nicolini, G., Price, D., Roche, N., Soriano, J. B., &
Worth, H. on behalf of the LIAISON Study Group.
(2016). Determinants and impact of suboptimal
asthma control in Europe: The international cross-
sectional and longitudinal assessment on asthma
control (LIAISON) study. Respiratory Research, 17,
51. https://doi.org/10.1186/512931-016-0374-z

S., Nordestgaard, B. G, &
Lange, P. (2015). Characteristics and prognosis
of never-smokers and smokers with asthma in
the Copenhagen General Population Study. A
prospective cohort study. American Journal of
Respiratory and Critical Care Medicine, 192, 172—

181. https://doi.org/10.1164/rccm.201502-03020C

DOI 10.18502/sjms.v19i4.15854

Page 440



