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Objective: To improve influenza vaccination rates for high-risk children and adolescents.
Methods: During the 2004–5 influenza season, 5 regional cystic fibrosis (CF) centres, 6 hospital clinics that
participated in a similar initiative the previous year, 4 new hospital clinics, and 39 community-based
paediatric practices implemented a multicomponent change package consisting of nine improvement
strategies designed to increase immunisation of high-risk patients. Each site was encouraged to adopt and
customise the improvement strategies to meet their specific culture and needs. The main outcome measure was
the proportion of the target population immunised. Surveys sent to the community practices were summarised.
Results: The intervention targeted a total of 18 866 high-risk children and 9374 (49.7%) received the
influenza vaccination. Community-based practices that actively participated in the collaborative reported
using significantly more intervention strategies (mean (SD) 7.4 (2.3) vs 4.6 (1.5), respectively, p = 0.001) and
achieved higher immunisation rates (59.3% (13.6%) vs 43.7% (20.5%), respectively, p = 0.01) than non-
participating practices. The most frequently implemented change concepts were posters in the office, walk-in
clinics or same-day appointments and reminder phone calls. The interventions deemed most helpful were
weekend or evening ‘‘flu shot only’’ sessions, walk-in or same-day appointments, reminder calls and special
mailings to families.
Conclusions: Implementation of the change package, based on evidence and diffusion of innovation theory,
resulted in higher immunisation rates than typically reported in the medical literature, especially for the
community-based primary care practices.

I
nfluenza is widely recognised as a serious illness in the
elderly population.1 However, influenza is also responsible for
substantial morbidity in children, especially those at high risk

for influenza-related complications due to underlying chronic
medical conditions such as pulmonary and cardiac disorders.2–7

Although most developed and many rapidly developing
countries recommend influenza immunisation for high-risk
children,2 6 8–11 use remains low. In primary care settings in the
USA, only about 10% of children with asthma receive influenza
immunisation.12 13 Vaccine uptake rates of less than 10% for
high-risk children have been reported by general practices in
England and Wales.14 Higher rates are reported in specialty
clinics in the USA.15 16 Missed opportunities, lack of a doctor’s
recommendation, low perceived susceptibility, difficulty in
identifying high-risk populations and, for patients with multi-
ple providers, confusion about whom should vaccinate, all
contribute to the low immunisation rates among children with
chronic medical conditions.17–20

Although many practice-based strategies have increased
immunisation rates among adults,21–25 fewer published studies
have shown the effect of specific efforts to improve immunisa-
tion in children. However, strong evidence suggests that patient
reminder/recall systems, interventions that reduce out-of-
pocket costs or increase access, multicomponent interventions
that include education, reminders to providers, and assessment
and feedback interventions improve vaccination coverage in
children in a range of settings and populations.13 22 26–28

This report describes the expanded implementation of a
successful, multicomponent influenza immunisation initiative
to a large number of community practices, regional cystic
fibrosis (CF) centres and hospital clinics. Using diffusion of
innovation theory,29 we were able to move from reaching
hundreds of high-risk patients to thousands.

METHODS
Setting and organisational context
Cincinnati Children’s Hospital Medical Center (CCHMC) is a
large, urban paediatric academic medical centre with over
23 000 inpatient admissions and 700 000 outpatient and
emergency department visits in 2005. As part of its Pursuing
Perfection initiative, funded by the Robert Wood Johnson
Foundation, CCHMC committed to considerable institution-
wide improvement in care processes and outcomes.30

Background
Using a series of proved immunisation strategies, the CF clinic
considerably increased the proportion of patients who received
the influenza vaccination during the 2001–2 and 2002–3
seasons. For the 2003–4 influenza season, these successful
improvement methods were spread to six additional CCHMC
clinics.31 Each clinic team was given a toolkit containing
supporting literature, sample goals, communication strategies,
and team member roles and processes. Suggested improvement
strategies included:

N increased communication, such as reminder postcards sent
to all families;

N access enhancements, such as influenza shot clinics;

N a standard influenza order set;

N a web-based registry and tracking system to identify and
follow at-risk patients;

N in-clinic reminders to patients and healthcare providers;

N pre-planning with suppliers to order vaccine;

Abbreviations: CCHMC, Cincinnati Children’s Hospital Medical Center;
CF, cystic fibrosis
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N posting weekly results;

N recall phone calls;

N a designated site leader.

The teams chose which strategies to implement. Overall, 60% of
1269 high-risk children in six CCHMC clinics were immunised.
Clinic-specific rates ranged from 33% to 93%, with the highest
rate reported in the CF clinic.

Current initiative
On the basis of these successes, the innovation was scaled up to
a much larger population for the 2004–5 influenza season.
Participants included five Ohio regional CF centres, the six
CCHMC clinics that participated in 2003–4, four more CCHMC
clinics treating high-risk children, and 39 community-based
paediatric practices in the greater Cincinnati area comprising
Ohio Valley Primary Care Associates, LLC, an independent
practice association. The 164 doctors associated with the
community paediatric practices were also involved in a larger
asthma improvement initiative launched in October 2003.

Improvement strategies
Each clinic and participating practice formed a leadership team
to select improvement strategies, devise implementation plans
and deal with barriers. Strategies presented to teams were
grounded in the previous year’s work and modified on the basis
of learnings from that initiative. Planning meetings, reminder
emails and conference calls kept each site involved and
committed.

All of the CCHMC clinics used the web-based patient registry,
except the primary care clinic which used an electronic health
record and sent its data to the influenza tracking system
weekly. It did not track patients who declined immunisation.
Most clinics used postcards, letters, and/or follow-up phone
calls to remind patients to receive their immunisation. Other
interventions included standard order sets, open access clinics,
team collaboration, preparation with the pharmacy to ensure
adequate vaccination supply, and educational materials for
patients and clinicians. One clinic created a reminder sticker to
place on patients’ charts. Another developed a packet of
educational information for staff and patients. All clinics
employed multiple strategies.

The Ohio CF centres used the same influenza-specific patient
registry. In addition, each centre received a change package that

included literature, a poster for displaying results, and a
customisable reminder postcard.

Tracking influenza vaccination was required for community
practices as part of the larger asthma improvement effort.
However, active participation in the influenza improvement
collaborative was voluntary. The practices that chose to be
actively involved received additional follow-up and support in
the form of facilitated problem solving and sponsored
conference calls. Data collection was facilitated by a centralised
asthma patient registry. In addition, the asthma pay-for-
performance programme with the region’s largest commercial
payor included rewards linked to network and practice-level
influenza immunisation results, with the network having to
first meet a designated threshold before individual practices
could be rewarded.

Outcome measures and data collection
The main outcome was the proportion of the target population
immunised. Although the methods used to determine the
target population varied somewhat between the participating
practices, in general, patients were identified from billing
records or from clinic lists that included patients seen within
the past 1 or 2 years. CCHMC clinics (except the primary care
clinic) and the CF centres recorded information on the date the
immunisation was received or declined and the location where
it was received (study site, inpatient setting, primary care office,
open access clinic, other or unspecified) in their registries. The
CF centres de-identified their data before forwarding it to
CCHMC. Graphs showing the number of patients immunised
were updated weekly and made available via the tracking
system.

Following the initiative, project leaders in the community
practices completed an 11-item web-based survey (available
from the authors on request) to evaluate intervention imple-
mentation and to identify barriers experienced. Respondents
listed improvement strategies used and rated their helpfulness.
Multiple reminder calls were made to non-respondents.

Data analysis
To determine the rate of immunisation and the percentage of
patients who declined immunisation, we extracted data from
the registries maintained at CCHMC. For the 39 community-
based practices, exploratory analyses of factors associated with
immunisation were undertaken at the practice level. Potential

Table 1 Characteristics of participating practices and clinics

Participant Target condition Population size Patients immunised, %
Patients declining
immunisation, %

Ohio regional CF centres (n = 5) Cystic fibrosis 957 82.2 (SD 13.9)
(range among clinics
62.0–95.5)

1.8

Experienced CCHMC clinics (involved
in the 2003–2004 initiative)
Teen health Asthma, diabetes, sickle cell disease 424 67.9 3.1
Cardiology Hypoplastic left heart 27 100 0
High-risk infants Bronchopulmonary dysplasia 257 74.7 1.6
Gastroenterology Liver transplant 219 35.3 0.5
Nephrology Renal failure 103 96.1 1.9
Pulmonary Ventilator dependent 42 73.8 9.5
New CCHMC clinics
Nutrition Chronic parenteral/enteral feeds 41 87.8 12.2
Diabetes Diabetes 1364 66.3 7.1
Rheumatology Juvenile rheumatoid arthritis with

immunosuppressive medication
202 62.9 1.0

Pediatric primary care Asthma and children 6–23 months of age 4481 29.1 Not consistently recorded
Ohio Valley Primary Care Associates
(39 community-based paediatric practices)

Asthma 10 749 52.5 (SD 18.4) (range
among clinics 15.5–92.3)

Not consistently recorded

CCHMC, Cincinnati Children’s Hospital Medical Center.
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practice-based predictors of the immunisation rate included the
number of doctors in the practice, the number of active patients
and the proportion of patients with asthma. The main outcome
measure was the proportion of patients with asthma in the
practice who were immunised. We used t tests to examine
bivariate associations, and variables significantly associated
with immunisation at the p = 0.1 level were entered into a
stepwise linear regression model.

Human subject protection
The initiative was undertaken primarily for the purpose of
quality improvement. The CCHMC institutional review board
reviewed the intervention and analysis plans and waived the
requirement for written informed consent, provided no
individuals were identified.

RESULTS
Characteristics of the practices and clinics are shown in table 1.
The intervention targeted 18 866 high-risk children and 9374
(49.7%) were immunised. Overall, the CF centres achieved the
highest rate of immunisation (786/957, 82.1%), followed by the
hospital clinics that had participated previously (714/1072,
66.6%), the community-based practices (5503/10749, 51.2%)
and the hospital clinics participating for the first time (2371/
6088, 38.9%). A small proportion of patients, ranging from 0 to
12% per clinic, declined immunisation.

Within the hospital, the clinics varied in size, and two of the
new clinics (diabetes and primary care) were substantially
larger than any of the experienced clinics. When we compared
the average rate of immunisation in the new and the
experienced clinics, the experienced clinics were 14% higher
than the new ones (74.6% and 61.5%, respectively). Although
clinically large, this difference was not statistically significant
(t = 0.86, p = 0.21), probably due to the small number of clinics
being compared.

The clinic with the most experience with the change
strategies, the CF clinic at CCHMC, continued to improve
(fig 1). In addition, five of the six experienced clinics increased
their immunisation rates over those observed during the
previous influenza season.

Of the 39 community-based practices, 22 actively participated
in the collaborative by participating in follow-up conference
calls and adopting interventions from the change package.
Twenty of 22 actively participating practices and 12 of 17 non-
participating practices completed the web-based survey admi-
nistered following the initiative (table 2). The most frequently
implemented change concepts were posters in the office, walk-

in clinics or same-day appointments and reminder phone calls.
The interventions deemed most helpful were weekend or
evening ‘‘flu shot only’’ sessions, walk-in or same-day
appointments, reminder calls and special mailings to families.
Thirteen practices developed additional strategies, including
partnering with a local hospital to track influenza vaccine
administration, pre-booking appointments for high-risk chil-
dren and placing stickers on patient charts as a visual reminder
to immunise.

Practices participating in the collaborative (table 3) had a
larger proportion of asthma patients in their practice and used
significantly more interventions than non-participating prac-
tices (mean (SD) 7.4 (2.3) and 4.6 (1.5), respectively,
p = 0.001). Although variation was seen in the proportion of
patients that received influenza immunisation (fig 2), overall,
practices that actively participated reported higher immunisa-
tion rates than non-participating practices (59.3% (13.6%) and
43.7% (20.5%), respectively, p = 0.01). Univariate and multi-
variable analyses revealed no significant associations between
practice characteristics or the number of spread strategies
employed and the proportion of patients with asthma
immunised.

Diffusion of innovation strategies were used to enhance
adoption of interventions; table 4 shows an example involving
the community practices.

DISCUSSION
Half (50%) of the high-risk children targeted by the interven-
tion received the influenza vaccination. The CF centres achieved
the highest influenza immunisation rates, followed by the
clinics involved in a similar project during the 2003–4 influenza
season.31 Although the average immunisation rate for the
experienced clinics was 14% higher than for the new clinics,
this difference was not statistically significant. All but one of
the experienced CCHMC clinics improved their immunisation
rates over the previous year. The lowest immunisation rates
were observed for primary care practices, both community and
hospital based.

The higher immunisation rates observed for subspecialty
clinics and lower rates for primary care practices mirror those
found in the literature. Kramarz et al12 reported influenza
immunisation rates of 9–10% for children with asthma in a
primary care setting, and Marshall et al16 reported that 79% of

Table 2 Interventions used by the community-based
practices (n = 32)

Improvement strategy

Practices that
used the
strategy, %

Practices that
rated the
strategy as very
helpful or
extremely
helpful, %

Posters in the office 82 33
Open access (walk-in or same day)
flu shot availability

82 78

Reminder calls to patients
not immunised after a target date

73 67

Practice-based team meetings 64 48
Weekend/evening ‘‘flu shot only’’
sessions

58 84

Reminder postcards mailed to families 53 47
Special mailings to families (eg,
newsletter)

36 66

Posting results of immunisation project
in office

24 37

‘‘On-hold’’ telephone message with
flu shot reminder

21 42

Figure 1 Change in immunisation rates over time for participating clinics
and practices.
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children with CF were vaccinated at a regional CF centre.
Children in subspecialty care may be perceived, by providers
and parents, to have more severe illness and be more at risk.
Thus, parents or providers may believe influenza immunisation
to be more important. Also, subspecialty settings may have
more resources to devote to immunisation campaigns, com-
pared with primary care locations. On the other hand, one
would expect primary care practices to have a strong
immunisation infrastructure in place, given their large role in
routine preventive care.

The high degree of variation in influenza immunisation
among the community-based paediatric practices may have
been due to differences in:

N practice infrastructure (eg, single vs multiple providers,
appointment access/office hours, electronic vs paper records,
number of practice sites, payor mix, staffing and financial
resources);

N visible commitment of doctor leadership/doctor champion;

N vaccine supply;

N awareness of the interventions;

N ability to implement/execute interventions;

N reliability of internal processes to reduce missed opportu-
nities;

N past experience communicating the importance of immuni-
sation to parents;

N extent of efforts to address issues underlying parents’
decision to decline immunisation;

N use of performance data and reports available from the
registry.

Future plans include conducting formal assessments of high-
performing practices to better understand key success factors,
providing high-performing practices with opportunities to
communicate their experience to others, further refining the
change package and registry reporting tools on the basis of
feedback from practices, improving the reliability of workflow
processes to reduced missed opportunities, and obtaining
further knowledge of factors underlying why parents decline
the immunisation.

The change package was built on best available evidence
regarding interventions to improve vaccination rates for
children and adults, such as reminder/recall programmes,
patient registries and expanded hours of availability.22

Reminder/recall methods increased influenza immunisation
rates to approximately 30% at two paediatric clinics at academic
centres13 26 and to 42% at four private paediatric practices.27

However, these results are still far below the target goal of
complete immunisation of high-risk children. Zimmerman et al
recently reported success, increasing the influenza vaccination
rates of patients 6–23 months of age in five inner-city health
centres serving low-income children by implementing a set of
patient, provider and system-level interventions,32 similar to the
ones used in our study. Immunisation rates for this population
were 5% at baseline, 25% after the first year and 37% after the
second year.

The proved strategies used in our collaborative were tailored
to facilitate adoption using the five critical elements of
innovation outlined in Rogers’ diffusion of innovation theory:
relative advantage, compatibility, complexity, trialability and
observability.29 We worked with teams to ease implementation
and reduce barriers, allowed clinics and practices to adopt and
modify interventions to best fit their needs and situations, and
made results visible to reward success and reinforce sustain-
ability.

Our experience during the 2003–4 influenza season suggests
that teams new to the intervention require considerable
assistance.31 The difference in outcomes between new and
experienced hospital teams may reflect the benefits of
experience or a need for additional support for new teams. It
is not clear whether intense coaching to promote year-one

Figure 2 Immunisation by community-
based paediatric practices actively
participating in the collaborative and non-
participating practices.

Table 3 Characteristics of community-based paediatric
practices actively participating in the collaborative
compared with non-participating practices

Characteristic
Participating
practice

Non-
participating
practice

p
Value

Number 22 17
Mean (SD) number of doctors 4.0 (2.6) 3.3 (2.8) 0.47
Mean (SD) patients per practice 5891 (4354) 5425 (4519) 0.75
Mean (SD) asthma prevalence 6.5 (4.7) 3.8 (3.1) 0.045
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success or allowing teams to learn independently to promote
ownership is the best long-term strategy. Future studies could
randomise practices to different levels of support and coaching.

We did not systematically assess why some community-
based practices actively participated in the collaborative and
others did not. However, practices actively involved used
considerably more change strategies and had markedly higher
immunisation rates. This may reflect greater belief in the value
of influenza immunisation or more practice resources available
for the project. It may also reflect the need for redundancy to
create reliable care systems.33

This study was conducted within a quality improvement
framework. Data on the number of interventions used and
immunisation rate were self-reported and were not audited.
Although it is possible that practices over-reported their rates, it
is unlikely, since rates were based on a population-based
registry. Recording errors are unlikely to be systematic. As there
were patients for whom immunisation status remained
unknown, it is possible that the immunisation rate for some
practices was underestimated.

Because we had baseline data only for the experienced
clinics, we could not determine if immunisation rates were
improved in the new clinics over the previous influenza season.
The results for most clinics and practices, however, were much
higher than those previously reported in the literature. It is
unclear if media reports of vaccine shortage for the 2004–5
season influenced immunisation rates. Data on patient health
insurance coverage were available for only a minority of the
population. Thus, we could not investigate the impact of patient
insurance status on immunisation rates. We also did not have
any data on the cost or cost-effectiveness of the project. Finally,
the analyses of factors potentially associated with higher
immunisation rates in the practices should be considered
exploratory. This was not the main focus of the project and the
analyses were post-hoc. Even though 39 practices and over
10 000 patients were involved, statistical power to detect
associations was limited in these practice-level analyses.
Patient-level analyses would have been inappropriate in this
case, since interventions were undertaken at the practice level.

In addition, we only have counts of the number of
interventions each practice implemented. The relative impact
and synergy among interventions was not assessed. Additional
research involving more practices and a factorial design will
probably be required to determine which interventions are most
effective. Although the relative impact of financially rewarding

practices for achieving network and practice-specific influenza
immunisation targets cannot be discerned, we acknowledge
that the pay-for-performance programme was a major motivat-
ing factor for practices to pursue improvement efforts.

SUMMARY
Implementation of the change package resulted in higher
immunisation rates than reported in the medical literature,
especially for the community-based primary care practices. The
CF clinics were also particularly successful, possibly because the
patients were perceived to be at higher risk. Experience with
the innovations appears to be useful, as shown by the higher
rates of immunisation reported by clinics involved for the
second year.
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