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A B S T R A C T

Background: Acute exacerbations of chronic obstructive pulmonary disease (AECOPD) account for
high hospital use; guideline-concordant diagnostics, oxygen titration, and discharge planning are often
under-delivered. We aim to measure baseline compliance with eight AECOPD process standards
and evaluate whether EHR-embedded prompts plus staff education were associated with observed
improvements.
Methods: We audited 50 consecutive adult admissions with primary AECOPD (ICD-10 J44.1 or
clinician-documented diagnosis) between July and October 2024, implemented EHR prompts, an
orderset, and targeted education (Nov–Dec 2024), then re-audited 50 consecutive admissions (Jan–Mar
2025) using identical methods. Primary process measures were pre-specified; analyses were descriptive
with 95% Wilson confidence intervals (CIs) for proportions and two-sided Fisher exact tests for pre/post
comparisons. This work was performed as a service evaluation/pilot.
Results: After implementation, six of eight process standards showed observed increases. Pulmonary
rehabilitation referrals rose from 32/50 (64.0%, 95% CI 50.1–75.9%) to 43/50 (86.0%, 95% CI
73.8–93.0%), p = 0.0198. Oxygen titration improved from 40/50 (80.0%, 95% CI 66.0–88.6%) to
46/50 (92.0%, 95% CI 78.6–95.7%), p = 0.148. Other measures (ABG timing, bronchodilator and
corticosteroid delivery, appropriate antibiotic use, CXR timing, smoking advice) showed observed
improvements; p-values and CIs are reported in the text.
Conclusions: Embedding guideline-aligned prompts and an orderset in the EHR, together with staff
education, was associated with observed improvements in several AECOPD process measures in
this pilot QI project. Findings should be interpreted cautiously, given the pilot design, multiple
comparisons, and limited sample size; further controlled and longitudinal evaluation is indicated.

1. Introduction

1.1. Problem Description
Chronic obstructive pulmonary disease (COPD) is among the
most common chronic illnesses encountered in internal medicine
practice, responsible for high rates of morbidity, mortality, and
healthcare utilization. Acute exacerbations of COPD (AECOPD)
contribute disproportionately to this burden, representing up to
70% of hospital admissions among COPD patients and often re-
sulting in prolonged hospital stays and avoidable readmissions
[1, 2, 3, 4]. Within our institution, informal staff discussions and
case reviews identified inconsistencies in the inpatient manage-
ment of AECOPD, particularly in the timely administration of key
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therapies, adherence to oxygen titration guidelines, and discharge
planning.
1.2. Available Knowledge
National and international guidelines, particularly the GOLD and
NICE NG115, outline best practices for AECOPD management
[5, 6, 7, 8]. These include early arterial blood gas (ABG) testing,
rapid administration of short-acting bronchodilators and corticos-
teroids, judicious antibiotic use based on sputum characteristics
and clinical findings, controlled oxygen delivery targeting SpO288–92%, timely imaging to exclude other diagnoses, and referral
to pulmonary rehabilitation. Despite this guidance, studies suggest
that real-world practice often diverges from these standards due to
a variety of system- and provider-level barriers. Recent reviews and
audits have highlighted frequent issues with oxygen overuse, poor
documentation, and under-referral to pulmonary rehab—findings
consistent with our internal observations [9, 10, 11, 12, 13, 14].
1.3. Rationale
Our team hypothesized that many of the observed care gaps
stemmed from workflow inefficiencies and missed clinical prompts
during high-pressure admissions. Given that our hospital had
already adopted electronic prescribing and documentation systems,
we reasoned that integrating clinical decision support tools, such
as automatic prompts or checklists, into existing digital workflows

https://doi.org/DOI:10.71079/ASIDE.IM.092025173
https://asidejournals.com/index.php/internal-medicine
https://doi.org/10.71079/ASIDE.IM.092025173
https://orcid.org/0000-0003-3645-6416
https://orcid.org/0000-0001-9790-4783
muhammadsaqib.drkmc@gmail.com
https://www.asidehealthcare.org/
https://www.asidehealthcare.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://asidejournals.com
https://asidejournals.com
https://doi.org/10.71079/ASIDE.IM.092025173


DOI:10.71079/ASIDE.IM.092025173 ASIDE Internal Medicine 2

Figure 1: Quality Improvement Process Flowchart for AECOPD Inpatient Care This flowchart summarizes the sequential steps undertaken in the quality
improvement (QI) project to enhance adherence to guideline-based inpatient care for acute exacerbations of chronic obstructive pulmonary disease
(AECOPD). Starting with a baseline audit of patient records from July to October 2024, the team identified key process gaps in oxygen titration, pulmonary
rehabilitation referral, and imaging timelines. Multidisciplinary interventions, including electronic health record (EHR) prompts, automated discharge tools,
and staff education, were implemented between November and December 2024. A re-audit from January to March 2025 was used to evaluate the impact of
these changes, informing plans for sustainability and scale-up.

could enhance compliance with evidence-based standards. In ad-
dition, educational reinforcement through departmental meetings
and targeted communication was anticipated to improve clinical
staff engagement and awareness.

1.4. Specific Aims
The primary aim of this quality improvement project was to assess
our baseline compliance with key process standards for AECOPD
management and implement low-cost, replicable interventions to
address identified care gaps. We also aimed to measure the effec-
tiveness of these interventions through a structured re-audit and
generate actionable insights for future system-wide changes.

2. Methods

2.1. Organizational context
The project took place on a 650-bed tertiary academic hospital
general medicine ward with an existing integrated EHR and in-
house clinical informatics support. The clinical team included on-
call respiratory specialists, ward physicians, nursing staff, physio-
therapy (pulmonary rehabilitation), pharmacy, and an antimicro-
bial stewardship pharmacist who participated in the QI steering
group.

2.2. Patient selection and case identification
We included consecutive adult patients (18 years) admitted to the
general medicine ward with a primary diagnosis of acute exacer-
bation of COPD (AECOPD). Case identification relied on either
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Figure 2: Compliance with AECOPD Care Standards Before and After Intervention Bar chart comparing baseline and re-audit compliance rates across eight
predefined process standards for inpatient management of acute exacerbations of COPD (AECOPD). Post-intervention gains were observed in all domains,
with the statistically significant improvements noted in pulmonary rehabilitation referral and oxygen titration documentation. Standards were benchmarked
against national and international guideline targets (NICE, GOLD, BTS, USPSTF). Each bar represents the percentage of patients meeting the criterion during
the respective audit cycle (n = 50 per cycle).

Figure 3: Proportion of Standards Meeting Target Compliance Thresholds Post-Intervention Pie chart depicting the proportion of care standards that met
or did not meet target benchmarks during the re-audit period (January–March 2025). Six of eight standards achieved full compliance, indicating successful
implementation of most intervention strategies. Oxygen titration and chest X-ray turnaround time, though improved, remained below predefined targets,
warranting further optimization.

clinician documentation of “COPD exacerbation” in admission or
ED records or ICD-10 coding consistent with AECOPD (J44.1).
Exclusion criteria were: primary diagnosis other than AECOPD,
invasive mechanical ventilation instituted prior to the EHR trigger
or admission for palliative care only. Some process measures had
reduced denominators due to documentation availability (for exam-
ple, antibiotic indication was not appraisable in 3 baseline patients,
and smoking status was unavailable in 10 patients); we report the
denominators for each measure in Tables 2–3 and describe the
handling of incomplete documentation in the Results.

2.3. Interventions
Based on root cause analysis and staff feedback, four main inter-
ventions were introduced between November and December 2024.
First, we implemented an oxygen prescription checklist embedded
into the electronic prescribing system to improve documentation
of target SpO ranges and FiO. Second, we developed an auto-
matic referral prompt for pulmonary rehabilitation that triggered
at discharge for eligible patients. Third, we delivered guideline-
focused education sessions to all medical and nursing staff. Finally,
a pop-up reminder was added to the discharge summary module to
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Figure 4: Action Plan Implementation Progress: Baseline, Target, and Re-Audit Comparison Grouped bar chart showing baseline status, target compliance
thresholds, and re-audit performance for four key intervention metrics: oxygen titration compliance, staff education coverage, pulmonary rehabilitation
referral, and smoking cessation documentation. Staff education, pulmonary rehab referrals, and smoking cessation advice achieved or exceeded targets.
Oxygen titration compliance improved but remained marginally below the 95% target.

ensure that documentation of smoking cessation advice is provided
for current smokers. These interventions were co-designed with
the respiratory team, clinical informatics unit, and physiotherapy
department.

2.4. Acute inhaled therapy
The electronic orderset recommended a metered-dose inhaler
(MDI) with a spacer as the preferred bronchodilator delivery
method because of equivalent efficacy and logistical advantages
(including lower aerosol generation). Nebulized bronchodilator
therapy remained available and was permitted when MDI/spacer
was not feasible or tolerated (for example, where patients were
unable to coordinate inhalation, were highly agitated, or at the
clinician’s discretion). We clarified this preference within the
orderset and included a Table 1 footnote to reflect the local policy.

2.5. Antibiotic decision-making and stewardship.
The EHR prompt did not automatically prescribe antibiotics. In-
stead, the prompt and orderset presented guideline-based criteria to
prompt clinician consideration of antibiotics (presence of increased
sputum purulence, increased sputum volume, increased dyspnoea,
temperature > 38°C, or radiographic consolidation). Final prescrib-
ing decisions remained at the discretion of the treating clinician.
The hospital antimicrobial stewardship pharmacist subsequently
reviewed all antibiotic prescriptions for the audit cohorts during the
QI period, and stewardship feedback was communicated to treating
teams when prescriptions appeared discordant with the indicated
criteria.

2.6. Systemic corticosteroids.
The orderset included a recommended short-course systemic corti-
costeroid regimen consistent with contemporary guideline practice:
oral prednisolone 40 mg once daily for 5 days (or an equivalent
intravenous regimen when oral administration was not possible).
An informational notice within the orderset prompted clinicians to
review recent corticosteroid prescriptions in the record to avoid
unnecessary cumulative oral corticosteroid exposure and to dis-
courage prolonged tapers unless clinically justified.

2.7. Implementation and target selection.
Targets for each process indicator were selected by a multidisci-
plinary QI steering group (respiratory physicians, ward physicians,
nurses, pharmacy, physiotherapy, and clinical informatics) using a
pragmatic balance of ambition and feasibility informed by baseline
performance. We used staged compliance thresholds (85% → 90%
→ 95%) to secure early, achievable wins and then progressively
raise them in subsequent Plan-Do-Study-Act (PDSA) cycles. The
choice of these operational targets was therefore locally informed
rather than derived from a single external numerical standard; this
approach followed the Model for Improvement and aimed to sustain
momentum through iterative improvement.

2.8. QI framework and iterative approach.
The QI project employed the Model for Improvement, utilizing
rapid Plan-Do-Study-Act (PDSA) cycles. A multidisciplinary team
(physicians, nurses, pharmacists, physiotherapists, and informatics
specialists) met weekly during the implementation to review pro-
cess measures, frontline feedback, and iterate on prompt wording,
order defaults, and workflow. Figure 1 summarises the PDSA
timeline.

2.9. Study of the Interventions
We employed a before-and-after audit design to assess the effec-
tiveness of the intervention. Data were collected retrospectively
for the baseline cohort (July–October 2024) and prospectively for
the re-audit cohort (January–March 2025). Observed outcomes
were compared to established targets to assess changes in com-
pliance. Attribution of outcomes to interventions was supported
by temporality, stability of external conditions, and qualitative
feedback from clinical staff. Allocation and blinding. This was
an uncontrolled before-and-after QI audit, and there was no ran-
domization or blinding. Staff were aware of the interventions and
audits (education sessions and EHR prompts), which may have
influenced behaviour (see Limitations). To enhance transparency
and reproducibility, a visual summary of the QI cycle is provided in
Figure 1. This flowchart outlines the sequential steps of the quality
improvement process, beginning with the baseline audit conducted
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Table 1: Audit standards and targets
No. Standard Source Target
1 ABG within 1 hour NICE NG115 [7] ≥90%
2 Nebulized bronchodilators within 1 hour GOLD [8] ≥90%
3 Corticosteroids within 4 hours GOLD; NICE [5, 7, 8] ≥95%
4 Antibiotics only if indicated NICE NG115 [7] ≥90%
5 Oxygen titration to SpO2 88–92% BTS [15] ≥95%
6 Chest X-ray within 4 hours NICE QS110 [5] ≥90%
7 Pulmonary rehab referral BTS [6] ≥85%
8 Smoking cessation advice for smokers USPSTF [16] ≥90%

NICE, National Institute of Health and Care Excellence; BTS, British Thoracic Society; GOLD, Global Initiative for Chronic Obstructive Lung Disease; USPSTF, United States
Preventive Services Task Force. MDI = metered-dose inhaler. MDI with spacer was the preferred bronchodilator delivery method according to local orders; nebulized
bronchodilator therapy was permitted only when MDI/spacer was contraindicated or not tolerated (e.g., inability to coordinate inhalation or severe agitation). Antibiotic decisions
were made by treating physicians, guided by the order set criteria (see Methods), and were reviewed by the antimicrobial stewardship pharmacist.

from July to October 2024, followed by the identification of care
gaps, the co-design of targeted interventions, and the implementa-
tion phase. The cycle concludes with the re-audit from January to
March 2025 and subsequent planning for sustainability and scale-
up. The figure illustrates how each phase informed the next, in line
with the iterative principles of quality improvement methodology.

2.10. Measures
Eight process indicators were selected in accordance with inter-
national guidelines. These included: ABG within one hour of ad-
mission; nebulized bronchodilator administration within one hour;
systemic corticosteroid prescription within four hours; appropriate
antibiotic use based on clinical indication; oxygen therapy titrated
to target saturation of 88–92% with documentation of FiO; chest
X-ray within four hours; pulmonary rehab referral at discharge;
and smoking cessation counseling for current smokers as shown
in Table 1. Their guideline origins supported the validity of these
measures, and data were abstracted using a structured form. Com-
pleteness and accuracy were assured through dual validation by two
clinicians. Implementation fidelity and monitoring. We tracked fi-
delity using multiple process indicators: staff education attendance
(percentage of targeted staff attending training sessions; 100% cov-
erage reported); EHR log data confirming the display of the bedside
prompt for triggered admissions; and orderset opening/acceptance
rates (EHR log metric). In 88% of triggered admissions, the order-
set was opened and used. These fidelity metrics are summarised in
Supplementary Table S1.

2.11. Analysis
Descriptive statistics were used to summarize performance against
each indicator. Pre- and post-intervention comparisons were made
using percentage point differences. Confidence intervals were cal-
culated for proportions. Given the sample size of 50 per audit
cycle, we prioritized changes of more than 5% as potentially
meaningful. Variations over time were examined through com-
parative tabulation. Analyses were primarily descriptive. For each
process measure, we calculated proportions with 95% Wilson
confidence intervals. For pre- and post-comparisons, we used two-
sided Fisher’s exact tests, given the sample sizes and the presence of
small cell counts in some measures. We did not apply multiplicity
correction because these analyses were exploratory and hypothesis-
generating; we therefore interpret p-values cautiously, mindful of
the potential for type I error across multiple comparisons. No
formal prospective sample-size calculation was performed; this

activity was planned and conducted as a pilot/service evaluation
to inform larger, more definitive future studies.

2.12. Ethical Considerations
The project was approved as a service evaluation and registered
with the hospital’s clinical audit department (Registration 2025-
202). Formal ethics review was waived in accordance with insti-
tutional policy, as the project involved routine care data with no
patient identifiers. The authors declared no conflicts of interest.

2.13. Reporting Standards
This quality improvement project is reported in accordance with
the Standards for Quality Improvement Reporting Excellence
(SQUIRE 2.0) guidelines [17]. The SQUIRE framework is specif-
ically designed to guide the reporting of systematic efforts to
improve healthcare quality, safety, and value in real-world clini-
cal settings. A completed SQUIRE Checklist is provided in the
supplementary materials to accompany this manuscript.

3. Results

3.1. Process Outcomes
At baseline (as shown in Table 2), compliance was highest for
early administration of bronchodilators (92%) and initiation of
corticosteroids (94%), indicating good adherence to acute phar-
macotherapy. ABG sampling within one hour was achieved in
82% of patients. However, oxygen titration to SpO 88–92% was
documented in only 80% of cases, and only 64% of eligible patients
were referred to pulmonary rehabilitation at discharge. The order
set recommendation for a 5-day short course was followed in the
majority of patients: 94% of treated patients received the recom-
mended prednisolone 40 mg daily for 5 days. During the audit
periods, 24 patients required noninvasive ventilation. A chest X-
ray was obtained within four hours in 78% of cases. Among current
smokers, documentation of cessation advice was noted in 87.5% of
cases.
Following the interventions, compliance improved across all mea-
sures (shown in Table 3). The pulmonary rehab referral rate in-
creased to 86%, meeting the target of 85% or higher. Oxygen titra-
tion documentation improved to 92%, reflecting gains but remain-
ing just below the 95% goal. ABG and corticosteroid benchmarks
were met, reaching 90% and 98%, respectively. Smoking cessation
advice documentation exceeded the 90% target, rising to 95%.
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Table 2: Baseline Audit Results (July–October 2024)
Standard Target n/N Compliance % (95% CI) Δ from Target
ABG within 1 hr. ≥90% 41/50 82.0% (69.0–90.6) –8%
Nebulized bronchodilators <1 hr. ≥90% 46/50 92.0% (80.8–97.7) +2%
Corticosteroids <4 hr. ≥95% 47/50 94.0% (83.5–98.8) –1%
Appropriate antibiotics ≥90% 43/47 91.5% (79.6–97.6) +1.5%
Oxygen titrated, SpO2 88–92% ≥95% 40/50 80.0% (66.3–89.9) –15%
Chest X-ray within 4 hr. ≥90% 39/50 78.0% (64.0–88.5) –12%
Pulmonary rehab referral ≥85% 32/50 64.0% (49.2–77.1) –21%
Smoking cessation advice ≥90% 35/40 87.5% (73.2–95.8) –2.5%

Δ, change or delta; ABG, arterial blood gas; CI, confidence interval; hr, hour; n/N, number achieving target/total number assessed; SpO, peripheral capillary oxygen saturation.

Table 3: Re-Audit Results (January–March 2025)
Standard Target Baseline % (95% CI) Re-audit % (95% CI) Δ % p value* Target

met?
ABG within 1 hr. ≥90% 82.0 (69.0–90.6) 90.0 (78.2–96.7) +8.0 0.27 Yes
Nebs within 1 hr. ≥90% 92.0 (80.8–97.7) 94.0 (83.5–98.8) +2.0 1.00 Yes
Corticosteroids within 4 hr. ≥95% 94.0 (83.5–98.8) 98.0 (89.4–99.9) +4.0 0.61 Yes
Appropriate antibiotics ≥90% 91.5 (79.6–97.6) 94.0 (83.5–98.8) +2.5 1.00 Yes
Oxygen titration ≥95% 80.0 (66.3–89.9) 92.0 (80.8–97.7) +12.0 0.11 No
Chest X-ray within 4 hr. ≥90% 78.0 (64.0–88.5) 88.0 (75.7–95.5) +10.0 0.28 No
Pulmonary rehab referral ≥85% 64.0 (49.2–77.1) 86.0 (73.3–94.2) +22.0 0.020 Yes
Smoking cessation advice ≥90% 87.5 (73.2–95.8) 95.0 (83.1–99.4) +7.5 0.43 Yes

Δ, change or delta; ABG, arterial blood gas; CI, confidence interval; hr, hour; Nebs, nebulized bronchodilators; p value, probability value.

To illustrate the comparative impact of our interventions across key
clinical standards, a clustered bar chart (Figure 2) was constructed
showing baseline and re-audit compliance percentages for all eight
audit measures. This visualization highlights notable improve-
ments in pulmonary rehabilitation referrals, corticosteroid timing,
and smoking cessation documentation, with more modest gains
in oxygen titration and imaging. While most standards exceeded
their target thresholds in the re-audit cycle, a few still fell short,
underscoring the importance of continued iterative improvements.
To summarize overall performance during the re-audit period, a
pie chart (Figure 3) displays the proportion of care standards that
met or did not meet predefined targets. Six of the eight standards
achieved full compliance with benchmark criteria, demonstrating
broad improvement across multiple domains of AECOPD care. The
two remaining standards, oxygen titration and chest X-ray timing,
showed progress but did not reach full compliance, indicating areas
for further refinement.
To better understand the impact of each intervention and assess
progress toward predefined goals, we tracked key performance
indicators aligned with our action plan. These included oxygen
titration compliance, staff education coverage, pulmonary rehabil-
itation referral rates, and smoking cessation documentation. For
each domain, we compared baseline performance with targets and
re-audit results. Table 4 summarizes these metrics and highlights
which objectives were fully achieved and which remained areas for
continued improvement.
The following bar chart (Figure 4) displays the trajectory of four
key intervention metrics: baseline status, predefined targets, and
post-intervention compliance. Improvements in staff education,
smoking cessation documentation, and pulmonary rehab referral

rates all met or exceeded targets. Oxygen titration, while improved
from baseline, fell slightly short of its target, highlighting an
ongoing challenge in embedding oxygen therapy best practices into
real-time clinical workflows.

3.2. Associations and Contextual Influences
The automated EHR prompts were consistently identified by staff
as helpful in remembering care tasks during busy admissions.
Feedback collected during clinical huddles confirmed that the
oxygen checklist and discharge reminders resulted in improved
documentation and care planning. Delays in chest X-ray perfor-
mance were attributed to persistent bottlenecks in radiology trans-
port and technician availability during peak hours. There were
no unintended consequences, although two staff members noted
occasional “alert fatigue” from excessive on-screen prompts.

4. Discussion
This quality improvement (QI) initiative demonstrated that struc-
tured, guideline-aligned interventions can meaningfully enhance
the inpatient management of acute exacerbations of chronic ob-
structive pulmonary disease (AECOPD). By focusing on eight
evidence-based process measures and implementing targeted changes
across digital workflows, clinical education, and discharge plan-
ning, we were able to close care gaps within a short timeframe.
The overall improvement observed in six of eight care standards
underscores the feasibility and impact of low-cost, system-level
interventions in improving care quality and equity for patients
hospitalized with AECOPD.
One of the most striking findings was the substantial improvement
in pulmonary rehabilitation (PR) referrals, which increased from
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Table 4: Action Plan Metrics
Action Item Baseline % (95% CI) Target Re-audit % (95% CI) p value* Status
Oxygen titration compliance 80.0 (66.3–89.9) ≥95% 92.0 (80.8–97.7) 0.11 Partial
Staff education coverage 0.0 (0.0–7.1) 100% 100.0 (92.9–100.0) <0.001 Achieved
Pulmonary rehab referral rate 64.0 (49.2–77.1) ≥85% 86.0 (73.3–94.2) 0.020 Achieved
Smoking cessation
documentation

87.5 (73.2–95.8) ≥95% 95.0 (83.1–99.4) 0.43 Achieved

CI, confidence interval; p value, probability value.

64% at baseline to 86% post-intervention, surpassing the 85%
target. This success was directly attributable to the implementation
of an automatic referral prompt within the electronic discharge
summary. Historically, PR referrals are often neglected due to time
constraints, lack of awareness, or assumptions about patient interest
[18, 19, 20]. Our findings align with previous research showing that
electronic reminders embedded within discharge workflows can
significantly increase compliance with secondary prevention strate-
gies in chronic disease care [21]. This is particularly important in
COPD, where PR is strongly associated with reduced readmissions,
improved exercise tolerance, and better quality of life [22, 23].
Importantly, the intervention helped eliminate variability based on
individual clinician practices and supported more equitable care
delivery across all patients.
Improvement in oxygen titration practices was another major focus
of our initiative. At baseline, only 80% of patients received oxygen
titrated to a target SpO of 88–92% with documented FiO, far
below the BTS-recommended 95% threshold [15]. Following the
introduction of an oxygen prescription checklist in the EHR and
targeted staff education, compliance improved to 92%. Although
this fell just short of our goal, the 12-percentage point gain is
clinically meaningful and represents a major step toward safer
oxygen prescribing. The emphasis on titrated oxygen is clinically
important. Studies [24,25] indicate that titrated oxygen therapy
(target SpO 88–92%) reduces the risk of hypercapnic respiratory
failure and associated adverse outcomes compared with liberal
high-flow oxygen in patients at risk of CO retention. Achieving
and sustaining high compliance with oxygen targets therefore has
direct safety implications for patients with AECOPD and remains a
priority for future PDSA cycles [24, 25]. Our intervention directly
addressed the root cause, lack of FiO documentation and unclear
targets, by prompting prescribers at the point of care. However,
achieving full compliance will likely require continued reinforce-
ment and monitoring, particularly during handoffs and night shifts
when documentation lapses may occur.
The timing of core pharmacologic interventions also improved.
Administration of systemic corticosteroids within four hours of
admission rose from 94% to 98%, and timely initiation of bron-
chodilators remained above 90% across both audit cycles. These
findings indicate a strong baseline awareness of pharmacologic
protocols among frontline providers, which was further supported
by our educational sessions. The importance of timely corticos-
teroids in reducing exacerbation duration and hospitalization length
has been well described, and our near-universal compliance is
encouraging [26, 27]. Similarly, appropriate antibiotic prescribing
improved slightly, from 91.5% to 94%, reinforcing that clinicians
are increasingly adopting an individualized approach based on
purulent sputum and clinical infection markers, as recommended
by GOLD and NICE.

Despite clear progress in several domains, two standards remained
below target: chest X-ray completion within four hours (88% vs.
90% target) and oxygen titration compliance (92% vs. 95% target).
The delay in chest imaging appears to be largely logistical. Informal
feedback from nursing and medical staff pointed to porter avail-
ability and prioritization of other acutely unwell patients as con-
tributing factors. Although we streamlined request pathways during
the re-audit cycle, further improvements may require departmental-
level coordination with radiology services. Introducing fast-track
imaging protocols for medical admissions with respiratory com-
promise may be an effective next step.
The integration of a smoking cessation reminder into the discharge
workflow proved highly successful, with documentation rates im-
proving from 87.5% to 95%. This is consistent with prior work
suggesting that digital nudges and automated prompts can reliably
increase adherence to preventive counseling [28, 29]. Smoking
remains the most significant modifiable risk factor in COPD pro-
gression, and inpatient encounters represent a critical opportunity
for intervention [30, 31]. Our findings suggest that embedding such
prompts into routine documentation processes minimizes omission
and ensures consistency regardless of provider seniority or time
constraints.
This project also contributes to the growing literature on digital
quality improvement tools in internal medicine. Several studies
have explored the impact of computerized decision support in
chronic disease management, but relatively few have focused on
acute care settings like AECOPD admissions [32, 33, 34, 35,
36, 37, 38, 39, 40]. Our experience highlights that with modest
investment and stakeholder engagement, existing electronic health
record platforms can be leveraged to embed real-time clinical
decision support, improving both care delivery and equity. The
interventions we implemented were designed to reduce variabil-
ity stemming from individual clinician knowledge, shift patterns,
or cognitive load—factors that disproportionately affect patients
during unscheduled admissions. By standardizing care processes,
we aim to reduce disparities and ensure that all patients receive
evidence-based, guideline-concordant treatment.

5. Limitations
Several limitations warrant careful attention. First, this was a
single-centre pilot before-and-after study with modest sample sizes
(n = 50 per cycle); the study was not prospectively powered to
detect small differences and may be at risk of type II error for
some measures. Second, there was no randomization or concurrent
control, so causal attribution to the interventions is limited; results
may be affected by temporal confounding (seasonality, staffing
patterns) or regression to the mean. Third, staff awareness of
the project (Hawthorne effect) may have contributed to observed
changes independent of the interventions. Fourth, although we
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tracked several fidelity metrics, consistent application of the inter-
ventions across all shifts could not be guaranteed; orderset open/use
rates are presented in Supplementary Table S1 and remain an
area for ongoing monitoring. Fifth, the re-audit was performed
shortly after implementation and may not reflect long-term sus-
tainability; longer follow-up is planned. Finally, we performed
multiple exploratory comparisons and did not adjust for multiplic-
ity; readers should interpret p-values alongside effect sizes and
confidence intervals. Although our initial intervention prioritised
acute in-hospital process measures, we collected data on several
secondary preventive items (vaccination status, smoking cessa-
tion counselling and documented inhaler checks) and identified
remaining opportunities. The orderset already includes optional
fields to facilitate vaccination checks, structured inhaler technique
education (nursing checklist and leaflet), smoking cessation referral
and automatic pulmonary rehabilitation referral; these items are
pre-specified for inclusion in subsequent PDSA cycles. Future work
will evaluate uptake, barriers to completion (for example time
pressures and resource constraints), and impact on patient-centred
outcomes such as readmissions and functional recovery.
Despite these limitations, the sustainability of our interventions is
promising. Because the core changes were embedded in digital
workflows and did not require additional staffing or new infras-
tructure, they are likely to persist over time with minimal main-
tenance. The success of the pulmonary rehab auto-referral and
smoking cessation documentation prompts provides a clear model
for replicating this approach in other chronic disease pathways,
such as heart failure or diabetes care. Additionally, the strong staff
engagement we observed—reflected in positive feedback during
team huddles—suggests a fertile environment for ongoing quality
improvement efforts.
Our QI project demonstrates that meaningful improvements in
the quality, safety, and equity of AECOPD inpatient care can
be achieved through pragmatic, system-level interventions. The
gains in PR referral, oxygen safety, and preventive counseling
highlight the power of digital tools to close longstanding care
gaps. Although this project focused on process measures, many of
the improvements we observed are strongly linked to favourable
patient-centred outcomes in the literature. For example, pulmonary
rehabilitation referrals are associated with reduced readmissions
and improved exercise capacity and quality of life, and systematic
smoking cessation counselling increases long-term abstinence and
reduces disease progression [9-11, 30]. We therefore anticipate that
improved uptake of these processes will translate into meaningful
patient benefits; as such, subsequent PDSA cycles will include
prospective measurement of patient-centred outcomes (for example
30- and 90-day readmission, length of stay, validated symptom
scores and patient experience metrics) to quantify clinical impact
beyond process adherence. Continued work is needed to optimize
imaging workflows and further enhance oxygen prescribing prac-
tices. More broadly, our approach offers a replicable template for
other internal medicine services seeking to bridge the gap between
evidence and practice.

6. Conclusions
This QI project highlights how focused, system-integrated inter-
ventions can enhance the timeliness, quality, and equity of AE-
COPD care. The work is likely to be sustainable given its reliance
on EHR tools rather than high-resource staffing. With minimal
adaptation, the approach could be extended to other respiratory
or acute care pathways. Future studies should evaluate patient-
centered outcomes such as readmission, recovery, and experience.

Continued refinement of digital tools and expansion to additional
care settings are key next steps.
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