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Abstract

Objective To investigate the prevalence of intensive care unit (ICU) admission and its predictors among hospitalized
chronic obstructive pulmonary disease (COPD) patients.

Methods An observational retrospective study was conducted. All patients with a confirmed diagnosis of COPD
according to the GOLD guidelines between 28 and 2020 and 1 March 2023 at Al-Noor Specialist Hospital were
included in this study. Patients were excluded if a preemptive diagnosis of COPD was made clinically without
spirometry evidence of fixed airflow limitation. Descriptive results were presented as frequency (percentage) for
categorical variables and mean (SD) for continuous variables and to estimate prevalence of ICU admission. Predictors
of ICU admission among hospitalized COPD patients were determined using logistic regression analysis. A SPSS
(Statistical Package for the Social Sciences) version 25 was used to perform all statistical analysis.

Results A total of 705 patients with COPD were included in this study. The mean age was 65.4 (25.3) years. Around
12.4% of the hospitalized patients were admitted to the ICD. Logistic regression analysis identified that older age
(OR; 1.92, (1.41-2.62)), smoking (OR; 1.60 (1.17-2.19)), and having specific comorbidities (Hypertension (OR; 1.98
(1.45-2.71)), Diabetes mellitus (OR; 1.42 (1.04-1.93)), GERD (OR; 2.81 (1.99-3.96)), Ischemic heart disease (OR; 3.22
(2.19-4.75)), Obstructive sleep apnea syndrome (OR; 2.14 (1.38-3.33)), stroke (OR; 4.51 (2.20-9.26))) were predictors of
ICU admissions among patients with COPD.
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intensive care units.
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Conclusions Our study found that a step-up approach to inpatient COPD management requires admission to the
ICU in 12.4%, for which age, smoking status, cardiovascular, and stroke were important predictors. Further clinical
research is needed to provide a validated model that can be incorporated into clinical practice to monitor this patient
population during their admission and identify at-risk individuals for early transfer to higher acuity settings and

Background

Chronic obstructive pulmonary disease (COPD) is a
common and treatable disorder that results in narrow-
ing of the airways and decreased lung recoil as a result
of chronic inflammation caused by long-term expo-
sure to irritating particles or gases, most often cigarette
smoke. [1-3] This disease often presents with symptoms
of cough, dyspnea, and sputum production. [1] Signifi-
cant disease can eventually results in respiratory failure
[1, 4]. COPD prevalence has been steadily climbing glob-
ally over the last two decades; it had a prevalence of 8.9%
in 2006 that has increased to 13.1% in 2019 [5-8]. Cur-
rently, it is the third most frequent cause of morbidity
and mortality worldwide [1].

Although COPD is thought of primarily as a lung
disease, recent advances in clinical and translational
researches have confirmed its complex phenotyping as
well as its associated extra-pulmonary consequences
[9]. COPD is characterized by an obstruction of airflow
that is not totally reversible. Emphysematous degrada-
tion of the parenchyma causes remodeling of the small-
airway compartment and loss of elastic recoil, resulting
in progressive reduction in forced expiratory volume in
one second (FEV1), inadequate lung emptying on expira-
tion, and subsequent static and dynamic hyperinflation.
[10] Airway epithelial cell damage can result in a non-
specific inflammatory response. [11] COPD patients are
frequently at greater risk of comorbidities such as car-
diovascular diseases, diabetes, osteoporosis, lung cancer,
and psychological disorders such as anxiety and depres-
sion [12].

COPD is often clinically suspected in individuals who
have relevant symptoms and risk factors. nevertheless,
spirometry is mandatory to confirm the diagnosis [1].
Patient education, preventative treatment that focuses
on avoiding irritants and immunizations, medications,
pulmonary rehabilitation, and oxygen therapy are all
part of COPD management [9]. COPD patients may suf-
fer complications such as acute exacerbation, acute and/
or chronic respiratory failure, pulmonary hypertension,
cor pulmonale, weight loss, and bacterial infections as a
result of poor treatment adherence, adverse responses to
glucocorticoids, or progression of their underlying lung
disease [13].

Comorbidities, past hospitalizations, and a longer hos-
pital stay are associated with early readmission and can

potentially predict disease severity [14, 15]. Comorbidi-
ties coexisting with COPD imply a more severe course
of the disease, with more frequent exacerbations and
hospitalizations [2, 9, 16]. People who have two or more
exacerbations per year have a lower quality of life, a faster
loss of lung function, more hospitalizations, and a higher
mortality rate. [17-20]. A longer hospital stay increases
the likelihood of hospital-acquired complications and
further deterioration of the patient’s condition [21, 22].
The available literature provides a variety of preva-
lence rates for ICU admissions associated with acute
exacerbations of chronic obstructive pulmonary disease
(AECOPD) that necessitate hospitalization, ranging from
2 to 19% [23]. A previous study conducted in Saudi Ara-
bia assessed the outcomes of patients hospitalized with
exacerbation of COPD within the hospital setting, spe-
cifically focusing on in-hospital and ICU outcomes [24].
This study revealed that a total of 33% of the patients who
were admitted required mechanical ventilation. Further-
more, the median duration of mechanical ventilation was
determined to be 2.6 days, with a range spanning from 1
to 42 days. The median durations of the ICU and hospi-
tal stays were 3 (range: 1-40) and 9 (range: 2—43) days,
respectively [24]. The mortality rate in the ICU was found
to be 6%, whereas the mortality rate within the hospital
setting was seen to be 11%. Higher hospital mortality was
observed in cases where there was a low Glasgow Coma
Scale at admission, intubation was required, mechanical
ventilation was prolonged, the individual was a current
smoker, a tracheostomy was performed, cardiac arrest
occurred, or severe renal failure developed [24]. The
length of hospital stay and comorbidities among COPD
patients have previously been described. However, the
predictors and prevalence of ICU admission in hospi-
talized COPD patients have not been well elucidated in
prior studies in the region. Therefore, the objective of this
study is to investigate the prevalence of ICU admission
and its predictors among hospitalized COPD patients.

Methods

Study design and study settings

A retrospective cross-sectional study was conducted in a
local tertiary center. All patients with a confirmed COPD
diagnoses between 28 and 2020 and 1 March 2023 at
Al-Noor Specialist Hospital electronic medical records
were included in this study. Al-Noor Specialist Hospital
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in Mecca, Saudi Arabia, is a tertiary center with a capac-
ity of 500-bed. It delivers tertiary care services to all resi-
dents and visitors of Mecca region of Saudi Arabia and it
is part of the Ministry of Health Services [25].

Study population

Patients with a confirmed diagnosis of COPD accord-
ing to the GOLD guidelines were included in this study
[26]. Patients were excluded if a preemptive diagnosis of
COPD was made clinically without spirometry evidence
of fixed airflow limitation. Patients with COPD were
identified via both paper and electronic records using a
unique medical record number (MRN) for each patient.

Sample size calculation

To estimate the sample size needed for this study, we
used the World Health Organization (WHO) recom-
mendations for the minimal sample size needed for a
prevalence study. Using a confidence interval of 95%, a
standard deviation of 0.5, and a margin of error of 5%,
the required sample size was 385 participants from each
study population [27].

Statistical analysis

Descriptive results were presented as frequency (per-
centage) for categorical variables and mean (SD) for
continuous variables and to estimate prevalence of ICU
admission. Predictors of ICU admission among hos-
pitalized COPD patients were determined using logis-
tic regression analysis. A confidence interval of 95%
(p<0.05) was applied to represent the statistical sig-
nificance of the results and the level of significance was
assigned as 5%. SPSS (Statistical Package for the Social
Sciences) version 25.0 software (SPSS Inc.) was used to
perform all statistical analysis.

Results
Patients’ baseline characteristics
A total of 705 patients with COPD were included in
this study. More than half of them were males (60.3%).
The mean age was 65.4 (25.3) years, and the mean BMI
was 29.2 (6.8) kg/cm? Greater a little over one-third the
patients were current smokers. A total of 7.8% received
home care. The most common comorbidities among
the patients were diabetes mellitus and hypertension
accounting for 40.9% and 40.7%, respectively, Table 1.
Greater a little over one-third of the patients were hos-
pitalized due to COPD in the past two years. Around
12.4% of the hospitalized patients were admitted to the
ICD due to COPD over the past two years.

Long-term COPD medications
The most commonly used long-term controller medica-
tions were LAMA, LABA, and ICS, accounting for 80.4%,
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59.3%, and 55.3%, respectively. As-needed SABA was
prescribed for the majority of patients (90.8%) to relieve
symptoms attacks, Table 2.

Predictors of COPD ICU admissions

Logistic regression analysis identified that older age
(65 years and over), smoking, receiving home care, and
having specific comorbidities (Hypertension, Diabe-
tes mellitus, Ischemic heart disease, Obstructive sleep
apnea syndrome, Heart failure, stroke, and Tumour or
malignancy) were predictors of ICU admissions among
patients with COPD. Details of the logistic regression
analysis are listed in the Table 3.

Discussion

The existing body of research presents a range of prev-
alence rates for ICU admissions related to AECOPD
requiring hospitalization, spanning from 2 to 19% [23].
Furthermore, the in-hospital mortality rate for these
patients falls within the range of 20-40%, while the risk
of re-hospitalization for subsequent severe events stands
at 18% among AECOPD cases admitted to the ICU [23].
Our study showed that 12.4% of hospitalized COPD exac-
erbation patients required transfer and admission to the
ICU for higher levels of care. This compares similarly to a
study published in Spain, where the ward-to-ICU transfer
among the hospitalized COPD patients was about 11.9%
[28]. However, Berenyi et al. conducted a large nation-
wide based study in Australia and New Zealand which
showed that 23.1% of their hospitalized COPD cohort
was transferred to the ICU [29]. This in-between stud-
ies difference can be related to the fact that later study
has included a larger number of patients, probable dif-
ferent ICU admission criteria, and heterogenous COPD
phenotypes likely explained by the higher proportion of
patients having acute on chronic hypercapnic respiratory
failure and higher indices for their severity of disease on
presentation as reported in their acute physiology, age,
and chronic health evaluation (APACHE) score.

A step-up approach to managing inpatient COPD exac-
erbation may occasionally require a transfer to the ICU
to provide a specialized management for impending or
established respiratory failure in conjunction with phar-
macotherapy. Such a patient population have a high rate
of in-hospital mortality ranging from 17 to 24% [30-32].
Thus, it remains essential to stay vigilant and to iden-
tify certain clinical parameters to predict which patients
require close monitoring.

We found that age can potentially predict ward-to-
ICU transfer in those who are 65 years and older which
is consistent with others’ reports that found that COPD
patients who were admitted to the ICU were often elderly
exceeding the age of 65 and had poor outcomes [33-35].
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Table 1 Patients’'baseline characteristics
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Variable Frequency Percentage
Gender

Males 425 60.3%
Mean age (Standard deviation (SD)) years 65.4 (25.3) years

Mean Body Mass Index (BMI) (Standard deviation (SD)) kg/cm? 29.2 (6.8) kg/cm?

Smoking status

Non-smoker 182 25.8%
Ex-smoker 258 36.5%
Current smoker 265 37.5%
Long-Term Home Care Service

Yes 55 7.8%
Mean FEV1 62.9(17.3)

Mean FEV1/FVC ratio 57.5(10.3)

Comorbidities

Diabetes mellitus 288 40.9%
Hypertension 287 40.7%
Gastroesophageal diseases (GERD) 186 26.4%
Ischemic heart disease 135 19.1%
OSAS 92 13.0%
Heart failure 65 9.2%
Chronic kidney disease 40 5.7%
Stroke 38 54%
Connective tissue diseases 23 3.3%
Tumour or malignancy 21 2.9%
Hemiplegia 16 2.3%
Peripheral vascular diseases 11 1.6%
Dementia 9 1.3%
Liver disease 4 0.6%
AIDS/HIV 2 0.3%
Rheumatological disease 1 0.1%
Hospital admission due to COPD in the past two years

Yes 263 37.3%
Number of hospital admissions in the past two years

Zero 442 62.8%
1 147 20.9%
2 70 9.9%
3 21 3.0%
4 10 1.4%
5 8 1.1%
6 4 0.6%
7 2 0.3%
ICU hospital admission due to COPD in the past two years

Yes 84 12.4%
Number of ICU admissions in the past two years (n=702)

Zero 615 87.6%
1 66 9.4%
2 16 2.3%
3 4 0.6%
4 1 0.1%
Long-term non-COPD Medications

Antihypertensive 288 40.9%
Oral antidiabetic agents or insulin 279 39.6%
Proton pump inhibitors 190 27.0%
Anti-dyslipidemic 182 25.9%
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Table 1 (continued)

Variable Frequency Percentage
Antiplatelets 151 21.4%

CHF medications 76 10.8%

Antipsychotic and antidepressants 54 7.7%

Osteoporosis drugs 51 7.2%

Anticoagulants 45 6.4%

Proton pump inhibitors (PPI) and Anti-histamine (H2 blockers) 8 1.1%

Table 2 Medications use history

Variable Frequency Percentage

SABA 640 90.8%

LAMA 567 80.4%

LABA 418 59.3%

ICS 390 55.3%

Systematic corticosteroids 139 19.7%

Home oxygen and BIPAP 7.8%

Home oxygen 5.2%

Table 3 Predictors of COPD hospital admissions

Variable Odds ratio (95% p-
confidence value
interval)

Gender

Females (Reference group) 1.00

Males 1.05 (0.77-1.43) 0.770

Mean age

Below 65 years old 1.00

65 years and over 1.92 (141-2.62) <0.001

Mean Body Mass Index (BMI)

Below 29.2 kg/cm? 1.00

29.2 kg/cm2 and over 1.12(0.82-1.52) 0.489

Smoking status

Non-smoker (Reference group) 1.00

Ex-smoker 0.57 (0.41-0.78) <0.001

Current smoker 1.60 (1.17-2.19) 0.003

Receive home care

No (Reference group) 1.00

Yes 6.32(3.32-12.01) <0.001

Comorbidities

Hypertension 98 (1.45-2. 71) <0.001

Diabetes mellitus 42 (1.04-1.93) 0.027

Gastroesophageal disease (GERD) 2.81(1.99-3. 96) <0.001

Ischemic heart disease 3.22(2.19-4.75) <0.001

Obstructive sleep apnoea syndrome 2.14(1.38-3.33) <0.001

Heart failure 516(293 9.10) <0.001

Chronic kidney disease 75(0.92-3.31) 0.087

stroke 451 (2.20-9. 26) <0.001

Connective tissue diseases 0.46 (0.17-1.25) 0.128

Tumour or malignancy 3.12(1.03- 940) 0.044

Hemiplegia 2.22(0.82-6.02) 0.119

Peripheral vascular diseases 0.63 (0.17-2.40) 0.498

It is not surprising that current/ex-smokers status was
associated with higher rate of transfer to ICU which can
potentially be explained by increasing the susceptibil-
ity to pulmonary infections and attenuating the immune
host system responses [36]. Additionally, smoking has
been associated with prolonged mechanical ventilation
duration, and ICU length of stay [37]. Previous literature
have documented that smoking cessation is associated
with lower mortality rate among patients with COPD
[38].

The presence of obstructive sleep apnea (OSA) in
patients with COPD is referred to as “overlap syndrome’,
with an estimated prevalence of 10-15%., which com-
pares similarly to the OSA prevalence among general
population [39]. In our study, we found a similar preva-
lence of 13%. Previously published works have shown
that lack of treatment for OSA was associated with a
higher risk of mortality and severe COPD exacerba-
tion [40, 41]. Our study substantiated that this cohort of
overlap patients may require a higher level of care during
their current admission.

Extra-pulmonary comorbidities remain an area of
interest in understanding COPD phenotyping and
attempting to manage those patients in a multi-disciplin-
ary fashion; however, there is a paucity of data regard-
ing their implications on short-term outcomes during
an index in-hospital admission [42]. Both cardiovascular
and Stroke diseases share a common risk factor, which is
smoking. It is worth noting that cardiovascular comor-
bid conditions are associated with poor outcome mea-
sures in COPD patients. Papaioannou et al. prospectively
analyzed 609 COPD patients who were admitted with
pulmonary exacerbation and found that cardiovascular
disease, systemic hypertension and diabetes mellitus can
be predictors of future exacerbation and re-hospitaliza-
tions [43]. The co-existence of congestive heart failure
cannot be under-estimated; a recent systematic review
has concluded that CHF was associated with a 61%
higher hazard for mortality when compared to COPD
patients without CHF [44]. Our results have confirmed
that systemic hypertension, DM, IHD, and CHF are pre-
dictors for poor short-term in-patient outcomes; there-
fore, these factors should be taken into account when
managing ward patients and to give clinicians a lower
threshold in escalating care to ICU level, if needed. In
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addition, previous study found that indication for oxygen
supplementation was a significant predictor for longer
length of stay [45]. In terms of cerebrovascular diseases,
Lekoubou et al. found that about 12% of patients with
stroke had a concomitant COPD diagnosis, on the other
hand, our study only showed a prevalence of 5.4%; this
difference is likely due to our smaller sample size [46].
One of the possible explanations for admission to the
ICU in stroke/COPD is the potential aspiration and swal-
lowing dysfunction risk which can precipitate an acute
exacerbation and pneumonia; stroke patients with COPD
were evaluated by a videofluoroscopic swallowing study
and were found to have a statistically significant risk of
aspiration [47]. Zhang et al. found that patients with con-
comitant COPD and stroke were two times more likely
to have pulmonary infections compared to patients with-
out COPD [48]. This Speech-Language-Pathology area
requires further clinical research to provide better under-
standing of the basic science as well as the clinical out-
comes and interventions.

The presence of COPD in critically ill patients is an
independent risk factor for mortality and morbidity and
is associated with prolonged mechanical ventilation and
prolonged weaning [49]. Patients hospitalized with acute
exacerbations of chronic obstructive pulmonary dis-
ease have poor outcomes and poor short- and long-term
survival [31]. The World health organization (WHO)
ranked COPD as the third leading cause of death world-
wide, causing 3.23 million deaths in 2019 [50]. However,
enough data on the causes of ward-COPD patients trans-
fer to the ICU remain unavailable specifically in Saudi
Arabia and the Middle East region, and we urge future
studies to focus such outcomes.

Strength and weaknesses

Our study has multiple strengths. Firstly, it is the first
study in the region to elaborate on the association of cer-
tain pulmonary and non-pulmonary predictors for ICU
transfer in patients who were admitted to the ward. Sec-
ondly, we could not find a publication in the literature
that correlated these parameters with admission to higher
acuity settings. Lastly, our work can serve as a validation
model to test these predictors on a large-scale dataset.
Nevertheless, we acknowledge certain limitations. The
retrospective nature of our study may have introduced
certain selection bias in excluding patients whom we did
not have immediate access to their spirometry data if
were done outside given the different electronic medical
records used by different hospitals. Also, we did not have
immediate access to assess medications compliance and
inhalers techniques prior to admission since we receive a
large number of patients from the entire region.
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Conclusion

Our study found that a step-up approach to inpatient
COPD management requires admission to the ICU in
12.4%. Certain clinical parameters were strongly predic-
tive of this, including age, smoking status, cardiovascular,
and stroke. Further clinical research is needed to provide
a validated model that can be incorporated into clinical
practice to monitor this patient population during their
admission and identify at-risk individuals for early trans-
fer to higher acuity settings and intensive care units.
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