
Zafar MA, et al. BMJ Qual Saf 2017;26:908–918. doi:10.1136/bmjqs-2017-006529908  

ABSTRACT
Background Readmissions of chronic obstructive 
pulmonary disease (COPD) have devastating effects on 
patient quality-of-life, disease progression and healthcare 
cost. Effective interventions to reduce COPD readmissions 
are needed.
Objectives Reduce 30-day all-cause readmissions 
by (1) creating a COPD care bundle that addresses 
care delivery failures, (2) using improvement science to 
achieve 90% bundle adherence.
Setting An 800-bed academic hospital in Ohio, USA. 
The COPD 30-day all-cause readmission rate was 22.7% 
from August 2013 to September 2015.
Method We performed a cross-sectional study of COPD 
30-day readmissions from October 2014 to March 2015 
to identify care delivery failures. We interviewed readmitted 
patients with COPD to identify their needs after discharge. 
A multidisciplinary team created a care bundle designed to 
mitigate system failures. Using a quasi-experimental study 
and ‘Model for Improvement’, we redesigned care delivery 
to improve bundle adherence. We used statistical process 
control charts to analyse bundle adherence and all-cause 
30-day readmissions.
Results Cross-sectional review of the index (first-time) 
admissions revealed COPD was the most common 
readmission diagnosis and identified 42 system-level 
failures. The most prevalent failures were deficient 
inhaler regimen at discharge, late or non-existent 
follow-up appointments, and suboptimal discharge 
instructions. Patient interviews revealed confusing 
discharge instructions, especially regarding inhaler use. 
The COPD care-bundle components were: (1) appropriate 
inhaler regimen, (2) 30-day inhaler supply, (3) inhaler 
education on the device available postdischarge, (4) 
follow-up within 15 days (5) standardised patient-centred 
discharge instructions. The adherence to completing 
bundle components reached 90% in 5.5 months and 
was sustained. The COPD 30-day readmission rate 
decreased from 22.7% to 14.7%. Patients receiving all 
bundle components had a readmission rate of 10.9%. 
As a balancing measure for the targeted reduction in 
readmission rate, we assessed length of stay, which did 
not change (4.8 days before vs 4.6 days after; p=0.45).

Conclusion System-level failures and unmet patient 
needs are modifiable risks for readmissions. Development 
and reliable implementation of a COPD care bundle that 
mitigates these failures reduced COPD readmissions.

InTRoduCTIon
Chronic obstructive pulmonary disease 
(COPD) is a highly prevalent, chronic 
disorder with significant effects on 
morbidity, mortality and healthcare costs. 
COPD exacerbations are the leading 
cause of healthcare utilisation and cost 
in COPD care.1 2 In the USA, there are 
approximately 7 00 000 hospitalisations 
yearly for COPD exacerbations. One in 
five patients require rehospitalisation 
within 30 days of discharge,3–5 which 
adds considerably to the cost of COPD 
care. Reducing these early readmissions is 
therefore a high priority and is a standard 
performance measure used to judge 
quality of healthcare delivery.6 7 

In 2014, the US Centers for Medicare 
and Medicaid Services (CMS) included 
COPD in the Hospital Readmission 
Reduction Program, incentivising hospi-
tals to reduce 30-day all-cause readmis-
sions after an initial hospitalisation for 
COPD.8 Despite these incentives and 
numerous controlled -trials for COPD 
therapeutics, the optimal approach to 
reduce COPD readmissions remains 
elusive.9–11 Many recommendations 
to reduce readmissions are based on 
controlled clinical trials in highly defined 
and selected populations which do not 
closely match real -life case definitions of 
COPD.12 There is a dearth of evidence for 
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effective methodologies that bridge the gap between 
controlled trials and day-to-day care practices that 
reduce COPD readmissions.13

Disparities in COPD readmissions among hospitals 
may be reflective of varied adherence to known best 
practices.14 Among general medicine patients, more 
than a quarter of 30 -day readmissions can be attributed 
to a preventable cause due to failure of optimal care 
delivery.15 The prevalence of such preventable readmis-
sions can vary from 9% to 48%.16 Care bundles are one 
way to improve adherence to best practices. Although 
many different COPD discharge bundles have been 
developed, they have been variably effective.17 Transla-
tion of successful bundles into practice is often limited 
by poor reporting of bundle component selection 
process and method of implementation. In addition to 
improving system-level care -delivery factors, interven-
tions that increase patient empowerment, such as educa-
tion in disease management and inhaler device training, 
also reduce readmissions.18 19

In this study, we investigated system-level failures and 
unmet patient needs to identify gaps in the care deliv-
ered to patients who were readmitted within 30 days 
after a COPD exacerbation admission. We integrated 
these findings with best -practices in COPD manage-
ment to create a practical five-element COPD care 
bundle designed specifically to mitigate system-level 
failures and fulfil patient needs. In our quasi-experi-
mental study, we tested our theory that reliable adher-
ence to our COPD care bundle would reduce COPD 
readmissions.

SeTTIng
This project was performed at an 800-bed, academic 
health centre that serves as a regional referral hospital 
in USA. There are nine general internal medicine 
teams and four medicine subspecialty teams (cardi-
ology, gastroenterology, nephrology and haema-
tology-oncology). Patients admitted with COPD  
exacerbations are assigned to any of nine medicine 
teams with occasional assignment to subspecialty 
teams. Medicine patients are distributed on six hospital 
units (non-geographical) including one medical step-
down unit.

Each medicine team is composed of an attending 
physician, house-staff residents (one to three) and 
medical students (zero to two). Each team is assigned a 
care coordinator to assist in discharge planning. Each 
care coordinator is assigned to two to four teams. There 
are three inpatient pharmacists who assist all general 
medicine teams. On weekends, there is one pharma-
cist for all teams. There can be up to 12 patients on 
each general medicine team and 16 patients on each 
subspecialty team. One respiratory therapist (RT) is 
assigned to one or two floor units, and typically cares 
for approximately 30 active patients. The electronic 
medical record (EMR) system is Epic (General Elec-
tronics, Wisconsin, USA).

COPD readmission definition and local problem
COPD readmission was defined by CMS guidelines as 
any unplanned readmission within 30 days of discharge 
after an index admission for COPD exacerbation. An 
index admission is one with a primary diagnosis of 
COPD exacerbation or a primary diagnosis of respira-
tory failure with COPD as a secondary diagnosis8 (see 
online supplementary eTable 1).

Among all patients, the baseline COPD 30-day 
all-cause readmission rate before starting this project 
was 22.7% from August 2013 to September 2015 
(figure 1A). Among the Medicare and Medicaid 
patients the observed to expected COPD readmission 
ratio was 1 from June 2011 to July 2014,20 suggesting 
that our performance was ‘as expected’ for our patient 
population and case-mix index.

MeThodS
Cross-sectional analysis to identify system failures
As a first step, we performed a cross-sectional anal-
ysis to understand failures in care delivery through  
retrospective chart review and patient interviews. A 
convenient sample of 2 years was performed to measure 
baseline COPD 30-day all-cause readmissions rate. Since 
the variations in COPD readmission rate during the base-
line period showed only common cause (random, chance) 
variation, we postulated that a 6-month representative 
sample period for detailed analysis would be sufficient to 
identify system failures. We performed a chart review of 
all readmitted patients during the 6-month period from 
October 2014 to March 2015 (figure 1A). Patient varia-
bles included age, gender, forced expiratory volume in 1 s 
(FEV1), Charleston Comorbidity Index Score,21 smoking 
status and psychological disorders. Care delivery varia-
bles included length of stay (LOS), discharge disposi-
tion, vaccination status at discharge, COPD medications 
prescribed at discharge, follow-up appointments, number 
of readmissions during the preceding 6 months, time to 
readmission and reason for readmission. Pareto analysis 
was performed for identifiable failures in care delivery in 
order to rank the failures by their frequency and under-
stand which interventions will be needed to mitigate the 
majority of the failure (figure 1B).22

Over a 2-week period, we interviewed all COPD 
readmission patients, during their rehospitalisation to 
obtain accurate and relevant information about their 
recent discharge. Patients were asked three structured, 
open-ended questions: (1) How was your experience 
at home after your last hospital discharge? (2) What in 
your opinion led to this readmission? (3) What could 
we have done to help prevent this readmission? Qual-
itative data from these interviews were used to under-
stand unmet patient needs after discharge.

Creating the COPD care bundle
A multidisciplinary team was formed to develop 
the COPD care bundle and was composed of four 
hospitalists, two pharmacists, two RTs, two care 

 on 19 O
ctober 2018 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2017-006529 on 21 July 2017. D

ow
nloaded from

 

https://dx.doi.org/10.1136/bmjqs-2017-006529
http://qualitysafety.bmj.com/


910 Zafar MA, et al. BMJ Qual Saf 2017;26:908–918. doi:10.1136/bmjqs-2017-006529

Original research

coordinators, two nurses and a pulmonologist. They 
reviewed published literature on best practices and 
COPD guidelines to identify gaps in care.23 The 
number of bundle components was limited to five to 

ensure feasibility and maintain the focus on high yield 
items. Items that could apply to all patients were given 
higher priority. Consensus was defined as simple 
majority. Different ideas for bundle components were 

Figure 1 Baseline system performance and bundle development: (A) Control chart (p-chart) of baseline 30-day all-cause COPD readmissions. Only 
common cause (random, chance) variation is observed. No special cause variation occurred during the 2-year period. The 6-month period sampled and 
studied for system failures analysis is identified by a bold box from October 2014 to March 2015. (B) Pareto chart for system-level failures at the time 
of index discharges during the baseline sample period. Failure categories are aligned on the x axis in descending order from left to right. The cumulative 
percentage of failures from left to right are shown with an overriding curved line. *Late appointment is defined as >30 days after discharge. **Likely under-
represented on retrospective chart review. This failure was selected if there was a mention of lack of medicine supply in a patient’s chart at readmission. 
+Influenza and pneumococcal vaccines. COPD, chronic obstructive pulmonary disease; f/u, follow-up; meds, medications.
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discussed before finalising the bundle in two team 
meetings.

Measures
We created a COPD bundle with five components. We 
defined an opportunity each time a bundle compo-
nent should have been performed as part of care. 
The process measures were (1) Adherence to COPD 
care bundle components (% of bundle components 
completed out of all available opportunities) and (2) 
Adherence to each individual bundle component. The 
primary outcome measure was rate (%) of 30 -day 
all-cause COPD readmissions. Secondary outcomes 
were readmission rates based on number of bundle 
components received out of all available opportunities 
and time to readmission. Hospital LOS was used as a 
balancing measure.

System redesign and PDSA cycles
We used the Model for Improvement24 for system 
transformation. The specific aim of the project was 
to increase adherence with COPD bundle compo-
nents to 90%. The existing process was mapped and 
failure modes were highlighted by direct observa-
tion of processes and input from front-line workers. 
Newly proposed processes were explored through 
iterative improvements by rapid tests of change, plan-
do-study-act (PDSA) cycles. Multiple sequential PDSA 
cycles were conducted to optimise new processes, 
interactions and care delivery.

Through these tests, new knowledge of failure 
modes and new ideas for interventions were devel-
oped. Real time feedback was obtained from patients 
and front-line care providers for each new intervention 
that was tested, and interventions were either aban-
doned, adapted or adopted based on tested outcomes 
and feedbacks. Successful interventions were imple-
mented. Further modifications were made in EMR to 
increase reliability of key processes involved in COPD 
bundle completion.25

Data collection
Data for COPD index admissions and readmissions 
were obtained retrospectively each month from the 
EMR based on billing codes using ICD-9 and ICD-10 
(see online supplementary eTable 1). Patients with a 
primary diagnosis of COPD or a primary diagnosis 
of respiratory failure with COPD as secondary diag-
nosis were identified as index cases using ICD codes 
according to CMS guidelines.8 Hospitalised patients 
with COPD were identified in real time by custom-
built EMR reports that identified all patients with 
COPD in the active problem list. COPD exacerbation 
cases were identified though daily manual chart review 
of patients on this list. Adherence to the COPD bundle 
was recorded by chart review (process measure). For 
outcome measures (COPD readmission rate), we used 
the billing data to avoid measurement bias, since the 

baseline readmission rate was also calculated based 
on billing data. At the end of each month, data from 
both sources, that is, retrospective billing codes and 
real time COPD exacerbation cases from EMR report, 
were compared to identify any missing cases to 
measure accurately the bundle adherence and prevent 
fall-out of any case of readmission at the extreme ends 
of the month (end effects).

Analysis
Interrupted time-series analysis was performed using 
statistical process control (SPC) methods.26 27 Specif-
ically, annotated control charts (p-chart) were devel-
oped and updated monthly for outcome measures and 
weekly for process measures prospectively using soft-
ware package QI-charts V.2.0.23 (Process Improvement 
Products, USA) for Microsoft Excel 2013 (Microsoft, 
USA). The initial control limits and centre line (mean) 
were calculated using baseline data for outcome meas-
ures and by using first eight observations for process 
measures. Standard industrial criteria for special cause 
and system shift were used to determine if observed 
changes in measures were due to a specific assignable 
cause.26 27 A system shift was identified if eight consec-
utive measurements were persistently above or below 
the mean. New control limits and centre line were 
calculated if a system shift was observed. Secondary 
outcome measures were compared using unpaired 
Student’s t-test and χ2 test using SPSS V.21 (IBM, 
USA). A p value less than 0.05 was considered statisti-
cally significant.

Ethical consideration
This quality improvement initiative was approved by 
the Institutional Review Board at our institute and 
was designated as not human subject research as the 
aim was to improve outcomes and reliably deliver best 
practice care.

ReSulTS
Cross-sectional review and identification of system-level failure
During the 26 months baseline period (August 2013 
to September 2015), the COPD readmission rate was 
22.7% with common cause variation only (figure 1A). 
During the 6-month sample period (October 2014 to 
March 2015), there were 207 index admissions and 44 
readmissions among 27 patients with mean (±SD) age 
62.3 (±9.2) years, FEV1 % predicted 41 (±19.8)%, 
BMI 29.8 (±12.5) kg/m2 and Charleston Comorbidity 
Index Score of 5.1 (±2.4). The cause of readmission 
was COPD exacerbation in 55.5%, congestive heart 
failure in 13.3% and pneumonia in 7%. Other infre-
quent causes were cancer, fall, influenza, psychosis, 
cirrhosis and cardiac arrest. Median and mean (±SD) 
time to readmission were 7 days and 10.3 (±7.8) days 
and time to follow-up appointment were 10 days and 
20 (±20.8) days. There were 42 system-level failures 
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at discharge of index cases and their distribution 
frequencies are shown in the Pareto chart (figure 1B).

Three patient interviews were conducted. Two 
patients had poor understanding of inhalers with 
confusion between different inhaler types, colours and 
usage technique. Use of different respiratory medi-
cations during hospitalisation and at home, frequent 
change of inhaler brands at refills due to insurance 
formulary preferences, and lack of formal training 
in inhaler use contributed to their difficulties with 
inhaler use. All three patients expressed difficulty with 
understanding discharge instructions and none were 
provided an action plan in case of symptom worsening.

COPD care bundle
Items that were considered during team consensus 
for COPD bundle are presented in table 1.18 23 28 The 
final five components selected for the bundle were: 
(1) appropriate inhaler regimen, (2) 30-day inhaler 
supply, (3) inhaler education on the device available 
postdischarge, (4) follow-up appointment within 15 

days and (5) standardised patient-centred discharge 
instructions. The bundle development process and the 
bundle components are summarised in online supple-
mentary eFigure 1.

All components of the bundle were applicable to 
patients who were discharged to home (five oppor-
tunities). For patients who were discharged to skilled 
nursing or assisted living facilities, some components 
such as 30-day medication supply or follow-up within 
15 days may not be applicable given available resources 
at the facility (three to four opportunities).

System redesign and PDSA cycles
The final key driver diagram which served as our 
theory to guide testing, is presented in online supple-
mentary eFigure 2. The team designed a new process 
that served as the initial template for testing and 
modifying the existing process (figure 2A,B). A total 
of 36 PDSA cycles were performed to test different 
interventions within each team and their interactions 
with each other. A summary of PDSA cycles performed 

Table 1 Items reviewed for COPD care bundle inclusion during multidisciplinary team consensus meetings

Items included in bundle Explanation

Appropriate inhaler regimen Common failure in Pareto analysis. Strong evidence of efficacy in RCTs and guidelines. Triple inhaler 
regimen to include LAMA, LABA/ICS combination and pro re nata SABA was selected based on the 
2016 GOLD guidelines for patients hospitalised with severe exacerbations.21 23

30-day inhaler supply of insurance compatible 
inhaler brands

Confusion about inhalers was commonly reported by patients. Increases reliability of medication 
adherence. Some evidence suggestive of effectiveness.28

Personalised inhaler education Unmet patient need. Education was provided based on discharge inhaler brands selected to comply with 
insurance formulary requirements. Strong evidence of utility.18

Standardised discharge instructions/COPD 
education

Unmet patient need. Patient-centred design worksheet with grade 6 readability. To help with patient 
empowerment and self-management after discharge.18

Follow-up within 15 days Common failure in Pareto analysis. Ideally, follow-up within 7 days was desired based on high number 
of early readmits. However, due to limited outpatient access and anticipated delay in readmissions 
produced by the above interventions, a follow-up within 15 days was selected pragmatically instead.

Items not included in bundle Explanation

Supplemental oxygen need assessment A pre-existing process was already in place; nurses assess supplemental oxygen need by performing a 
walk test

Vaccinations (influenza and pneumococcus) Baseline performance was adequate. Low failure rates on Pareto analysis
Follow-up within 7 days See above in section of ‘follow-up within 15 days’
Pulmonary specialty consult Did not alter current process of leaving to the medical teams’ discretion to consult as needed. Not all 

patients with COPD exacerbations require pulmonologist evaluation if the bundle items outlined above 
are standardised

Nebuliser prescription for inhaled medication No difference in efficacy of inhaled versus nebulised medications
Smoking cessation education 44% of patients were active smokers in retrospective analysis, therefore this was not applicable to all 

patients. Would be up to the medical teams’ discretion to provide as needed. Will make this part of 
interventions for high-risk subgroup in future projects

Referral to pulmonary rehabilitation Pulmonary rehabilitation referrals are left to the medical teams’ discretion for individual patients. 
Will make this part of interventions for high-risk subgroup in future projects. Also, our pulmonary 
rehabilitation is in infancy and cannot handle a large influx of referrals

Recognition and treatment of psychiatric or 
substance abuse disorder

26% had depression or bipolar disorder. 11% had known alcohol or substance abuse. Not applicable to 
all patients. Will consider this as part of interventions for high-risk subgroup in future projects

Follow-up phone calls Insufficient evidence to support efficacy of follow-up phone calls. Requires additional resources and 
personnel. Anticipate better patient empowerment with above interventions selected for the COPD care 
bundle

COPD, chronic obstructive pulmonary disease; RCT, randomised controlled trial; LAMA, long-acting muscarinic antagonist; LABA, long-acting β-adrenergic 
agonist; ICS, inhaled corticosteroid; SABA, short-acting β-adrenergic agonist; GOLD, Global Initiative for Obstructive Lung Diseases.
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Figure 2 Process map and roles of team members in COPD care: (A) Previous (baseline) process. Roles and tasks were not well described. Respiratory 
therapists were expected to educate patients about inhaler use. However, education was provided inconsistently and used hospital formulary brands that 
might differ from the discharge brands. Only patients labelled as high risk for readmission were seen by care coordinators. There were no standardised 
expectations or processes for scheduling follow-up appointments, or providing inhaler education and discharge instructions. Discharge medication 
prescriptions were ordered on the day of discharge and the discharge pharmacy did not have enough lead time to coordinate co-pays and provide 30 days 
of medications. Frequently, patients left with prescriptions to be filled from other pharmacies or were prescribed medications that were not covered by their 
insurance. (B) Initial system redesign plan proposed by the multidisciplinary team prior to plan-do-study-act (PDSA) cycles. Many processes and roles were 
ambiguous and were refined and clarified based on knowledge gained from PDSA cycles. (C) The final process map after system redesign outlining the roles 
and tasks for all members of the team. There is standardisation of role assignments, distribution of work among team members, and ease of communication. 
EMR (Epic) tools were developed to increase reliability of key processes and new educational tools were created for patients. *Level of reliability – 1 (90% 
success). **Level of reliability – 2 (95%–99% success). *^Level of reliability – 1, with added redundancy. COPD, chronic obstructive pulmonary disease; RT, 
respiratory therapist; Pt, patient.
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along with their associated challenges, learnings and 
ultimate status of each intervention is presented in 
online supplementary eTable 2. The chronological 

order of PDSA cycles is highlighted in the annotations 
on the control chart for bundle adherence displayed 
in figure 3A. Failure modes that were encountered at 

Figure 3 (A) Control chart (p-chart) for adherence to COPD care bundle components. Annotations describe the state of interventions being performed. 
Initial control limits were formed using first eight observations. The control limits were recalculated each time a ‘system shift’ was observed with eight 
consecutive data points above the mean attributable to the interventions performed (annotations). Three system shifts are observed over time. Bundle 
adherence reached nearly 90% on 19 March 2016 and was sustained. All temporary communications and alerts were stopped on 16 April 2016 and 
the process has been sustained by design and ongoing monitroing. (B) Control chart (p-chart) for 30-day, all-cause COPD readmissions. A system shift is 
observed since initiation of COPD care bundle testing. A new stable system with mean readmission rate of 14.7% has been established. COPD, chronic 
obstructive pulmonary disease; RT, respiratory therapist; EMR, electronic medical record.
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each step of the process and interventions used to miti-
gate them are shown in failure mode effects analysis in 
online supplementary efigure 3. The final process map 
after system redesign is shown in figure 2C.

Interventions of higher reliability (level 2 reliability 
with 95%–99% success rate) were applied to key 
processes of bundle execution.25 These included an 
EMR automated best practice alert for physicians to 
use the COPD care bundle for appropriate patients, an 
EMR COPD care bundle order set that activates the 
bundle and communicates roles of all team members, 
and standardised EMR note templates with prepopu-
lated text for pharmacy (to identify insurance-compat-
ible inhaler brands), RT (inhaler education note) and 
standardised discharge instructions.

New patient education kits were developed that 
included handouts for inhaler instructions for each 
inhaler brand with illustrations and easy readability, 
practice inhalers for each brand type and a ‘my COPD 
care’ worksheet. This patient-centred worksheet 
was designed to be reviewed with the patient by RT 

to educate them about what to expect during their 
hospital stay, how to manage worsening symptoms at 
home and how to prepare for follow-up appointments 
(see online supplementary eFigure 4). All inhaler 
handouts and the ‘my COPD care’ worksheet were 
designed with grade 6 readability.29

Outcomes
Process measure: After initiation of PDSA cycles, we 
observed three system shifts in bundle adherence. 
Adherence increased from 50% at the start of the 
project in October 2015 to 89.1% in March 2016 
and was sustained at this level (figure 3A and online 
supplementary eFigure 5).

Outcome measure: COPD all-cause 30-day readmis-
sions declined from 22.7% to 14.7% with a system shift 
in SPC (figure 3B) associated with COPD care bundle 
utilisation during the period October 2015 to July 2016 
(table 2).

Among the patients who were discharged home, 
those who received four or five components had 

Table 2 Comparison of COPD Index and readmission rates and patterns of readmission before and after COPD care bundle 
implementation

Before COPD bundle After COPD bundle

Number of months 26 10
COPD Index admissions 982 305
30-day all-cause readmissions 223 45
Readmission rate (per month)* 22.7 14.7

Length of stay (mean days)† 4.83 4.61

Comparison of Readmission patterns between baseline 6 months (Oct 2014-March 2015) and 6 months post implementation of COPD 
bundle (Feb-July 2016)‡

COPD Index admissions 207 184
Readmissions 44 27
Readmission rate 21.2 14.6
Days to readmission after discharge
  Median 7 16
  Mean (SD)* 10.3 (7.8) 16.1 (8.8)
Days to follow-up appointment
  Median 10 7
  Mean (SD)* 20 (20.8) 8.5 (6.2)
  Follow-up within 15 days 51.8% 95.8%
Frequency of readmissions per patient during 6 months
  One readmission 20 (74%) patients 12 (70.5%) patients
  Two readmissions 3 (11.1%) patients 2 (11.7%) patients
  Three readmissions 1 (3.7%) patients 2 (11.7% patients)
  Four readmissions 1 (3.7%) patients 1 (5.8%) patients
  Five readmissions 1 (3.7%) patients 0
  Six readmissions 1 (3.7%) patients 0
*Student’s t-test. All p values were <0.01
†Student’s t-test p value 0.45
‡A 6-month period was taken from baseline period as representative of ‘Before COPD bundle’ system to understand care delivery and readmission 
patterns from October 2015 to March 2016. A 6-month period of ‘After COPD bundle’ from February 2016 to July 2016 was selected since the bundle 
adherence was more stable during this time of implementation, as compared with the unstable period of October 2015 to January 2016 when active 
testing was being performed to improve bundle adherence.
COPD, chronic obstructive pulmonary disease.
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readmission rates of 12.5% and 10.9%, respectively, 
which was lower than those who missed two or more 
bundle components, calculated at 26.5% (p<0.05). 
The effect of the level of adherence to COPD bundle 
on readmission patterns is shown in online supple-
mentary eTable 3.

dISCuSSIon
In this study we describe an approach to reduce 
30-day all-cause COPD readmissions using improve-
ment science methodology. Through comprehensive 
understanding of system-level failures and unmet 
patient needs at our hospital, we developed an insti-
tution-specific COPD care bundle through multidisci-
plinary team consensus and COPD literature review. 
Then, using Model for Improvement and sequential 
tests of change (PDSA) cycles, we redesigned the care 
system for reliable delivery of the COPD care bundle 
to all patients with COPD exacerbations. Consistent, 
systematic implementation of the COPD care bundle 
led to a system shift producing a sustained decrease in 
all-cause, 30-day COPD readmissions from 22.7% to 
14.7%. Patients who received all five components of 
the bundle had a readmission rate of 10.9%.

Despite a large body of evidence of effective inter-
ventions that reduce COPD exacerbations,23 their 
utilisation in day-to-day care is low and patient needs 
remain unmet. Major gaps in care transition from acute 
to community care persist30 and there are widespread 
regional variations in COPD readmission rates.31 Care 
bundles have been used to close this unbridged gap. 
Many different COPD discharge bundles using a wide 
variety of interventions have been reported in the liter-
ature with varying degrees of success.17 Poor reporting 
of bundle component selection and implementation 
methods limit the ability to reach conclusions and 
translate successful bundles into practice.17 Improve-
ment bundles that are tested in controlled clinical 
trials are non-pragmatic due to exclusion of a signif-
icant portion of the COPD population who do not 
meet strict study selection criteria and are plagued by 
an inability to translate implementation methodology 
from controlled study settings that depend heavily on 
temporary research staff, care coordinators and finan-
cial resources.32–35

In our improvement study, we describe a successful 
strategy of mitigating system failures and improving 
outcomes by better defining the context of improve-
ment, describing the methodology of bundle composi-
tion, identifying people and teams involved, providing 
a detailed process map of the redesigned system, and 
reporting both successful and unsuccessful testing. 
Due to a deliberate effort to develop a durable and 
reliable system, the effect of this intervention persists 
beyond the temporary testing period and resources. 
Our theory was based on data and systems learning 
and our implementation followed a scientific 
approach to develop a reliable system.24 All patients 

with a documented, clinical diagnosis of COPD exac-
erbation were included, replicating real life clinical 
management. The COPD bundle components used in 
this study had varying degrees of existing literature 
support and had a strong local need based on identi-
fied system failures (table 1). Redesigning the system 
to reliably deliver the bundle facilitated the execution 
of evidence based medicine (EBM) by front-line staff. 
In this manner, we were able to make EBM a system 
property rather than an individual responsibility.

For each health delivery system, an assessment of 
local failures and unmet patient needs will be needed 
to guide the selection of bundle components in order 
to achieve improved outcomes given large variations 
in care delivery.36–38 Our approach serves as a road 
map for improvement methodologies to develop and 
implement effective bundles to reduce readmissions 
for COPD and possibly other chronic diseases.

There are several limitations to our study. First, we 
did not have a control population for comparison and 
the influence of other factors such as patient demo-
graphics was not measured; however, since the system 
has been stable for several years with only common 
cause variation at baseline and reduced readmissions 
were associated with higher number of bundle compo-
nents received (dose effect), we are confident that the 
change in outcome was attributable only to COPD 
care bundle adherence. There were no other improve-
ment initiatives at our hospital nor any major changes 
in COPD management recommendations during this 
time that would influence the results of this project. 
Second, although we showed efficacy for the bundle 
as a whole and a dose response based on number of 
components received by individual patients, our study 
design did not allow us to assess the influence of each 
individual component of the COPD care bundle on 
COPD readmissions. Third, all bundle components 
are evidence based and selected based on local system 
failures which will vary in each healthcare setting. It 
would be naive to believe that this bundle will produce 
similar reductions in COPD readmissions in other 
facilities without analysis, identification and rectifi-
cation of system failures for each unique healthcare 
system. Lastly, the long-term effects of the bundle were 
not evaluated.

Since improvement is an ongoing endeavour, our 
next steps will include improving the methodology 
for inhaler education and discharge instructions for 
patients to enhance retention, standardisation of 
COPD management during follow-up outpatient 
visits, and, additional personalised interventions for 
high-risk patient subgroups. Another challenge for all 
improvement work is sustainability of the processes 
that led to better outcomes. To enhance durable 
bundle utilisation and adherence, we have developed a 
four-member multidisciplinary team (a pulmonologist 
with improvement science expertise, a hospitalist, a 
pharmacist and an RT) that monitors monthly 30-day 
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COPD readmission rates (provided by the data support 
team) and measures bundle component adherence 
(sample 10 patients each month). The team has trig-
gers for action if special cause is observed in adherence 
to overall bundle or individual bundle components. 
The pulmonologist in the team is also responsible to 
suggest modifications to the COPD care bundle based 
on any new literature/guidelines.

ConCluSIon
System-level failures and unmet patient needs are 
modifiable risks for COPD readmissions. COPD care 
bundle design based on knowledge of local system-
level failures followed by implementation and system 
redesign for reliable bundle delivery using improve-
ment science reduces 30-day COPD readmissions.
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