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Background and objective: Guidelines for chronic obstructive pulmonary disease

(COPD) advocate regular influenza vaccination, which has been shown to reduce exacerba-

tions. However, influenza vaccination rates remain low. This quality improvement project

was initiated to help improve influenza vaccination rates in a tertiary hospital.

Methods: All patients with COPD in the airway program (TAP) in the National University

Hospital at the end of 2013 were recruited. The interventions were implemented in 2014; thus,

population was stratified into the pre-intervention group and post-intervention group. Those who

died in 2014 were excluded. They were (1) patient education posters in the clinics on the need for

regular influenza vaccination, (2) direct interventions by physicians, and (3) intervention by the

nurses when vaccinations were neglected. Physicians were made aware of previous vaccination

rates, vaccination card reminders were placed in the clinics, and a new electronic healthcare

record system (EHR) was implemented. The patients were followed up till the end of 2015 or

until death. When an influenza vaccination was administered, the patients were asked which of

the interventions led to the vaccination. A questionnaire was delivered to the physicians to

determine the interventions that led to any change in vaccination prescription practices.

Results: The pre-intervention influenza vaccination rate was low at 47.7%. The post-

intervention influenza vaccination rate improved to 80.7% with the multi-pronged approach.

Physicians initiated the majority of vaccinations (87.9%), while nurses helped intervene in

a further 12.1%. Physicians’ vaccination prescription practices changed as a result of self-

awareness of low vaccination rates, vaccination card reminders, and the new EHR. Patient

education made minimal impact.

Conclusion: This project demonstrates that with regular audits to track progress and several

easy-to-implement interventions, improving influenza vaccination rates is an achievable

goal.
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Introduction
Chronic obstructive pulmonary disease (COPD) remains a significant public health

problem,1 with exacerbations being one of the leading causes of hospitalisations in

many countries. The impact of COPD exacerbations is far-reaching and includes

accelerated lung function decline,2,3 impaired quality of life,4 and mortality rates of

up to 20%.5 Every COPD exacerbation also portends an increased risk of future

exacerbations.6 The majority of infective COPD exacerbations have been attributed

to viral infections,7,8 of which the most common are influenza virus, rhinovirus and

respiratory syncytial virus.8 Patients with viral-induced exacerbations tend to be

more symptomatic and require a longer recovery time.9

Correspondence: Andrew Li
Yong Loo Lin School of Medicine,
National University of Singapore Division
of Respiratory and Critical Care
Medicine, National University Hospital,
NUHS Tower Block, Level 10 5 Lower
Kent Ridge Road, 119228 Singapore
Email Andrew_yunkai_li@nuhs.edu.sg

International Journal of Chronic Obstructive Pulmonary Disease Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com International Journal of Chronic Obstructive Pulmonary Disease 2019:14 2527–2533 2527

http://doi.org/10.2147/COPD.S222524

DovePress © 2019 Li et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

http://orcid.org/0000-0001-8434-2486
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


Prevention is better than cure. This has led to the

recommendation of regular annual influenza vaccinations

for patients with COPD.10 Influenza vaccinations can

reduce influenza-related exacerbations, total number of

exacerbations and death.11–13 National-based initiatives

such as the Healthy People 2020 initiative in the USA

had targeted a 70% influenza vaccination coverage

among the general population.14 However, the actual take-

up rate has consistently been dismally low at 20–60%.15–18

In Singapore, more than 88% of the patients with COPD

did not receive their influenza vaccination within the

last year.18 There are many barriers to improving these

rates, including undervaluation of vaccination, lack of

awareness, costs, lack of adequate health resources, infra-

structure and reduced accessibility to vaccines.19–22

Programmes to improve vaccination rates in adults in

various settings, ranging from community-based practices,

family physician practices to public hospital settings, have

seen mixed success. Incentivising patients with monetary

rewards, provision of home visits, implementing patient

reminder and recall systems, formulating clinical protocols

and creating immunisation information systems are some

of the measures studied.23–31 This not withstanding, most

influenza vaccination studies are mainly among the elderly

patients, some of whom have COPD.30–34 There have been

limited studies dedicated to patients with COPD alone.11,12

As part of a comprehensive effort to improve care and

follow-up, all patients with COPD who are seen in the

inpatient or outpatient setting in National University

Hospital, one of Singapore’s tertiary referral hospitals

with a full complement of specialties, are offered the

opportunity to participate in the “integrated nurse-led,

specialist-supported” airway program (TAP). An internal

audit of the national TAP registry found that Singapore’s

average influenza vaccination rate among patients with

COPD was approximately 40%. Through TAP, the authors

embarked on a quality improvement project to improve the

influenza vaccination rates among patients with COPD.

We hypothesize that a multi-pronged approach influencing

physicians’ vaccination behaviour, an additional reminder

from nurses and public education would help to improve

the influenza vaccination rates among patients with COPD.

Methods
Subjects
This before–after study of a quality improvement project

was conducted in the National University Hospital. The

population studied was all existing COPD TAP patients at

the end of 2013. The interventions were implemented in

2014; thus, the population was stratified into the pre-

intervention group and post-intervention group. The pre-

intervention group comprised existing COPD TAP patients

who received their influenza vaccinations prior to the end

of 2013. Thereafter, the post-intervention group comprised

of all COPD TAP patients who received their influenza

vaccinations within 2014. COPD TAP patients who died in

2014 were excluded.

Study Protocol And Intervention
TAP is a nurse-led, specialist-supported program designed

to provide holistic care to all patients with COPD. TAP

nurses are tasked to support follow-up care post-discharge,

provide coordination between different care providers

(pulmonary rehabilitation referrals, advanced care plan-

ning, referrals to medical social workers) and assist phy-

sicians to optimise treatment. Specialist care is provided

by the Division of Respiratory and Critical Care Medicine.

Demographic data (age, gender and ethnicity), comor-

bid diseases (sleep disorders, ischemic heart disease,

hypertension, hyperlipidemia and diabetes mellitus), pre-

morbid functional status, family support and smoking his-

tory were collected for all patients studied. Family support

is defined by the presence of a family member who

accompanied the patient for his/her outpatient clinic visit.

Baseline lung function test, number of hospital admissions

in the preceding year of the study and the modified med-

ical research council (mMRC) dyspnea scale scores were

also recorded. Baseline evaluation of COPD severity

(GOLD staging) was determined based on the existing

2018 GOLD guidelines, so as to ensure relevance to cur-

rent guidelines.10 In addition, the presence of pulmonary

hypertension (defined as pulmonary artery systolic pres-

sure ≥ 38 mmHg on echocardiography) and cor pulmonale

(defined as dilation of the right ventricle on echocardio-

graphy) were also determined. Prior intubation episodes,

prior non-invasive ventilation use and long-term oxygen

therapy were also noted.

The baseline vaccination rate of all pre-intervention

patients with COPD in TAP was determined through

paper and electronic vaccination records. Influenza vacci-

nations that were administered in the year 2013 were

recorded. Prior pneumococcal vaccination was also

recorded. Three groups of interventions were then imple-

mented and reinforced from 1st January to 31st

December 2014 to improve the vaccination rates. Three
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groups of interventions were performed to improve vacci-

nation rates. These were broadly targeted at (1) patients,

(2) physicians, and (3) nurses.

The first intervention involved patient education. In

order to raise awareness, education posters reminding

patients of the need for and efficacy of influenza vaccination

were created. They were prominently placed in the clinics

and at the registration counters, for the public to view. Refer

to Figure 1 with regards to the poster. It was hoped that such

reminders would prompt the patients with COPD to remind

their physicians about their influenza vaccination status.

The second intervention targeted physicians. This

intervention relied on three measures targeted at improv-

ing physician vaccination prescription practices.

Cognitive aids in the form of vaccination card reminders

were attached to the clinic computer screens. This was

instituted as the clinics were usually busy, with

a physician being able to spend only a limited amount

of time with each patient. As such, the physicians would

usually focus on the acute medical issues and may often

neglect to consider influenza vaccinations for patients

with COPD. Such provider reminders have been shown

to be effective.24 Coincidentally, a new electronic

healthcare record system (EHR) was also implemented

in January 2014 as part of a hospital systems overhaul.

We utilised the EHR to improve the record-keeping of

physician’s clinic notes and vaccination dates as it had

been shown to be an effective method of improving

vaccination rates, with the vaccination data being much

more easily retrievable.25 In addition, health profes-

sionals have generally been one of the most trusted

source of information regarding vaccinations for most

patients.35,36 However, physician prescription practices

may vary. This could be due to pre-conceived notions

about vaccinations,36,37 forgetting about vaccinations

due to a busy clinic or even just assuming that the

physicians have been performing their due diligence

when this may not be the actual reality. As such,

a department briefing to the physicians was then con-

ducted in December 2013, prior to the start of the

quality improvement project, highlighting the baseline

influenza vaccination rates and the various interventions

in place to help improve these rates.

All patients with COPD will have to visit the TAP

nurse after every clinic consultation with the physician.

The TAP nurse plays many roles to complement the clinic

visit, including ensuring inhaler technique adequacy,

smoking cessation advice and playing a dual-role of

a medical social worker. As part of their job scope, they

would also have to look and ensure that their influenza

vaccination dates are up-to-date. If the patients are due for

their influenza vaccinations, they would check if the phy-

sicians have already taken steps to order for it. For the

third intervention, she would highlight to the primary

physician if the influenza vaccination was due but omitted.

The physician would then facilitate the vaccination

accordingly.

The patients with COPD were followed up till the end of

2015. Influenza vaccination rates were recorded by TAP

nurses. Once an influenza vaccination was ordered and admi-

nistered, the TAP nurses would then interview the patient and

record down whether the patients themselves, physicians, or

nurses initiated the vaccination process. Adverse outcomes to

vaccination, if any, were also recorded.

A questionnaire was also created to poll the physicians

on which of the various physician-centric interventions

influenced a change in vaccination prescription practices.

Each physician was allowed multiple options. This ques-

tionnaire was sent to all 24 physicians in the Division of

Respiratory and Critical Care Medicine.Figure 1 Vaccination poster.
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Outcome Measures
The primary outcome was the rate of influenza vaccination

coverage among all patients with COPD in TAP. The

secondary outcome was the proportion of vaccinations

that was attributed to each intervention.

Ethical Considerations
This study was originally a clinical cum administrative

quality-improvement-project (QIP) with the data being

collected prospectively to document outcomes for the pur-

pose of reporting to hospital clinicians and management.

Informed consent was not required then. The National

Healthcare Group Domain-Specific Review Board subse-

quently approved the study with a waiver of informed

consent (2016/01311).

Statistical Analysis
Descriptive statistics for categorical variables were pre-

sented as frequency (percentage) and mean (SD) for

numerical variables with a normal distribution. P-values

were calculated with the use of the chi-square statistic,

with statistical significance set at p < 0.05. The statistical

software STATA version 15.0 was used.

Results
There were 370 patients with COPD in the pre-intervention

group. Of these, 22 patients died over the course of 2014

and were excluded. Hence, only the remaining 348 patients

with COPD were included in this quality improvement

project. The patient characteristics are shown in Table 1.

The majority of patients were male and Chinese. Close to

80% were community ambulant and 66.7% of the patients

had family support. Most belonged to GOLD A and

B. Approximately 5% had developed cor pulmonale,

while 33.1% had pulmonary hypertension. Approximately

25% had previously received non-invasive ventilation and

18.7% of patients had had prior episodes of intubation.

Baseline influenza vaccination rate among the pre-

intervention group was 47.7% (166 out of 348 patients)

(Table 2). In the post-intervention group, the influenza

vaccination rate improved significantly to 80.7% (281 out

of 348 patients) (p<0.001). Sixty-three patients refused

vaccination pre-intervention, but this number reduced to

22 patients post-intervention. Chinese patients (p=0.036)

and patients with COPD of lower FEV1 severity (p=0.017)

were more likely to receive their vaccinations after the

interventions were implemented. GOLD staging did not

have an impact on vaccination rates (p=0.18), and neither

did good family support (p=0.81).

In the post-intervention group, physicians were the

predominant reason for initiating influenza vaccination in

247 patients (87.9%). An additional 34 patients (12.1%)

received their vaccinations as a result of nurses’ remin-

ders. None of the patients attributed their updated vaccina-

tion status to the patient education posters. There was

a significant drop in the number of patients declining

vaccination (18.1% vs 6.3%) in the post-intervention

group (p<0.01).

Table 1 Baseline Characteristics Of The Study Population

Characteristics Study Population

(n=348)

Mean age (yrs) 72.8 (9.3)

Male 328 (92.0%)

Community ambulant 272 (78.2%)

Presence of family support 232 (66.7%)

Ethnicity

Chinese 256 (73.6%)

Malay 55 (15.8%)

Indian 19 (5.5%)

Others 18 (5.2%)

Received pneumococcal vaccination 148 (42.8%)

Smoker 117 (33.6%)

Ex-smoker 231 (66.4%)

Comorbidities

Ischemic heart disease 112 (32.2%)

Hypertension 199 (57.2%)

Hyperlipidemia 159 (45.7%)

Diabetes 63 (18.1%)

Sleep disorders 7 (2.0%)

COPD severity

GOLD group

Group A 142 (40.8%)

Group B 140 (40.2%)

Group C 30 (8.6%)

Group D 36 (10.3%)

FEV1 severity

GOLD 1 24 (6.9%)

GOLD 2 160 (46.0%)

GOLD 3 132 (37.9%)

GOLD 4 32 (9.2%)

Pulmonary hypertension 115 (33.1%)

Cor pulmonale 17 (4.9%)

Long-term oxygen therapy 26 (7.5%)

Prior intubation 65 (18.7%)

Prior non-invasive ventilation 85 (24.4%)

Li et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
International Journal of Chronic Obstructive Pulmonary Disease 2019:142530

http://www.dovepress.com
http://www.dovepress.com


The physician response rate for the questionnaire on

interventions which influenced vaccination practices was

67% (16/24). While the vaccination card reminders on the

computers and the newly minted electronic system influ-

enced practices, the main impetus for change was the rea-

lisation that current vaccination rates were low (Table 3).

Discussion
A multi-pronged approach consisting of education posters

for patients, interventions to improve physicians’ vaccina-

tion prescription practices through self-awareness, cogni-

tive aids, and implementation of a new EHR, and

empowering nurses proved pivotal in improving the influ-

enza vaccination rates among patients with COPD from

47.7% to 80.7%. In particular, the realisation that influenza

vaccination rates were suboptimal was one of the main

impetuses for change.

Successful implementation of the various interventions

is dependent on an intricate inter-play of prevailing local

barriers to vaccination and the amount of health resources

available. Several studies have described successful inter-

ventions, including telephone and letter reminders,24 com-

munity outreach,27 incentivisation,28 adequate staffing and

better clinic organisation,30 and pharmacist and nurse

actions.29,31 However, interventions must be contextua-

lised to local settings. Awareness of influenza vaccination

remains poor in Singapore: in a study of diabetic patients

by Tan EK and colleagues, the majority felt they did not

require vaccinations and were not advised on the need for

vaccinations.32 This lack of awareness is likely to be

equally if not more prevalent among patients with COPD

who are generally elderly and who often have poor health

literacy.33,34

It is interesting to note that the patient education material

had minimal impact on patients with COPD. It is possible that

patients with poor health literacy rely more on physicians to

provide the necessary advice.34 This may also be a reflection

of the older Asian’s socio-cultural outlook on chronic disease

management in general and vaccinations specifically.35 In

Asian culture, communication tends to be more

paternalistic38 rather than an open two-way communication.

Patients’ beliefs and preferences with regard to medications

are very much dependent on the patient–doctor relationship

and professional expertise provided.39 The patients are more

inclined to be compliant with medications and by inference,

vaccinations, when the physicians actively promote and

recommend vaccination.35 As demonstrated in this study,

when the physicians became more active in promoting vacci-

nation, the number of patients who rejected vaccinations

decreased. A better understanding of the impact of patient

education, and the type of material used, is required to facil-

itate a change in vaccination perceptions and acceptance,

starting first within healthcare facilities before scaling to the

larger population.40

Changing physician practice is always difficult, espe-

cially if there is a perception that all is well with the

quality of care provided.37 Self-awareness is required

before change can be contemplated. In this study, realisa-

tion by physicians that vaccination rates were not up to par

provided motivation for improvement. While the EHR25

and card reminders24 are interventions that have helped

improve vaccination rates, they require tailoring to local

settings. In the study hospital, where the majority of

patients with COPD are reviewed in the busy outpatient

clinic setting without home visits, home-based

Table 2 Influenza Vaccination Status

Characteristics Pre-Intervention Post-Intervention OR (95% CI)* P-Value

Received vaccination 166 (47.7%) 281 (80.7%) 4.6 (3.3–6.5) < 0.001

Doctor intervention 247 (87.9%)

Nurse intervention 34 (12.1%)

Patient education 0

Declined vaccination 63 (18.1%) 22 (6.3%) 0.31 (0.18–0.51) < 0.001

Vaccination not offered 119 (34.2%) 45 (12.9%) 0.29 (0.20–0.42) < 0.001

Note: *Reference group: Pre-intervention.

Table 3 What Improved Doctor’s Vaccination Prescription

Behaviour?

Interventions Response

(n=16)

Self-realisation that our influenza vaccination rates

were poor

9

Vaccination card reminders 4

Newly minted electronic medical records 5

Others 3

Dovepress Li et al

International Journal of Chronic Obstructive Pulmonary Disease 2019:14 submit your manuscript | www.dovepress.com

DovePress
2531

http://www.dovepress.com
http://www.dovepress.com


interventions are unlikely to succeed, and clinic-based

interventions should be intuitive and not impose additional

cognitive workload. Various EHR templates for vaccina-

tion exist. Some have pre-loaded vaccination records and

alerts for missing or delayed vaccinations.41 Others have

made influenza vaccination a standing order.42 As such

functions are not available in the study hospital’s EHR,

physicians manually recorded the vaccination dates down

on the electronic clinic notes. These notes can be reviewed

easily at the click of a button and were a vast improvement

from the paper clinical records of the past.

Nurses play an important role in the holistic care of

patients with COPD. In line with studies showing the effec-

tiveness of both pharmacist and nurse interventions,29,31

empowerment of the TAP nurses in our study proved

invaluable. The close rapport between them and the patients

with COPD helped in convincing patients who were initi-

ally resistant to vaccinations to proceed with vaccinations.

To the best of the authors’ knowledge, this is the

largest prospective study dedicated to influenza vaccina-

tion for patients with COPD. Strengths include the mini-

mal loss of patient follow-up, the detailed assessment of

reasons for change in prescription practices, and the real-

world nature with easy-to-implement interventions. The

study, however, has limitations. As it was non-blinded

before-and-after study, a Hawthorne effect resulting in

physicians increasing vaccination rates simply because of

awareness of the ongoing investigation cannot be

excluded. In addition, the current study analysed results

after 1 year of interventions and did not evaluate sustain-

ability over a longer period. Sustained reminders, constant

audits, and regular feedback are required to ensure long-

term practice change.

Conclusion
A multi-pronged approach can help improve influenza

vaccination rates among patients with COPD. With greater

self-awareness of current practices by physicians, coupled

with reminders through cards, the EHR, and nurses, vac-

cination rates improved to 80.7%. Further reinforcement

and regular audits are important to ensure the sustainabil-

ity of this vaccination program.
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