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Effect of Provider Prompts on Adolescent Immunization Rates: A
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Department of Pediatrics, Johns Hopkins University, Baltimore, Md (Dr Serwint); Division of
Emergency and Urgent Care, Department of Pediatrics, Children’s Mercy Hospitals and Clinics,
Kansas City, Mo (Dr Humiston); Academic Pediatric Association (Ms Dhepyasuwan); and Centers
for Disease Control and Prevention, Atlanta, Ga (Dr Curtis)

Abstract

Objective: Adolescent immunization rates are suboptimal. Experts recommend provider prompts
at health care visits to improve rates. We assessed the impact of either electronic health record
(EHR) or nurse- or staff-initiated provider prompts on adolescent immunization rates.

Methods: We conducted a randomized controlled trial, allocating practices in 1 of 2 practice-
based research networks (PBRN) to provider prompts or standard-of-care control. Ten primary
care practices participated, 5 intervention and 5 controls, each matched in pairs on urban,
suburban, or rural location and practice type (pediatric or family medicine), from a PBRN in
Greater Rochester, New York (GR-PBRN); and 12 practices, 6 intervention, 6 controls, similarly
matched, from a national pediatric continuity clinic PBRN (CORNET). The study period was 1
year per practice, ranging from June 2011 to January 2013. Study participants were adolescents 11
to 17 years attending these 22 practices; random sample of chart reviews per practice for baseline
and postintervention year to assess immunization rates (n = 7,040 total chart reviews for
adolescents with >1 visit in a period). The intervention was an EHR prompt (4 GR-PBRN and 5
CORNET practice pairs) (alert) that appeared on providers’ computer screens at all office visits,
indicating the specific immunizations that adolescents were recommended to receive. Staff
prompts (1 GR-PBRN pair and 1 CORNET pair) in the form of a reminder sheet was placed on the
provider’s desk in the exam room indicating the vaccines due. We compared immunization rates,
stratified by PBRN, for routine vaccines (meningococcus, pertussis, human papillomavirus,
influenza) at study beginning and end.

Results: Intervention and control practices within each PBRN were similar at baseline for
demographics and immunization rates. Immunization rates at the study end for adolescents who
were behind on immunizations at study initiation were not significantly different for intervention
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versus control practices for any vaccine or combination of vaccines. Results were similar for each
PBRN and also when only EHR-based prompts was assessed. For example, at study end, 3-dose
human papillomavirus vaccination rates for GR-PBRN intervention versus control practices were
51% versus 53% (adjusted odds ratio 0.96; 95% confidence interval 0.64-1.34); CORNET
intervention versus control rates were 50% versus 42% (adjusted odds ratio 1.06; 95% confidence
interval 0.68-1.88).

Conclusions and Relevance:: In both a local and national setting, provider prompts failed to

improve adolescent immunization rates. More rigorous practice-based changes are needed.

Keywords
adolescent immunization; EHR; HPV; influenza; meningococcal; outreach; provider prompt; Tdap

Since 2005, adolescent immunization delivery has become increasingly important but also
more complex, the result of age-specific recommendations of vaccines to prevent tetanus,
diphtheria, pertussis (Tdap), meningococcal (MCV4), and human papillomavirus (HPV)
infections and universal recommendation of influenza vaccination for all persons, including
teens.1:2 Unfortunately, despite substantial research, publicity, and efforts by experts to
optimize adolescent immunization delivery, immunization rates are suboptimal.23 In 2012,
85% of adolescents aged 13 to 17 years had received Tdap, 74% had received MCV4, and
~40% had received an influenza vaccination®; 54% of girls (and 21% of boys) aged 13 to 17
years had received >1 HPV vaccine, while 33% of girls and 7% of boys had received 3
doses.? Finally, some disparities exist, with minority adolescents having lower completion
rates of HPV vaccine and lower rates of influenza vaccination.>-8

Experts, including the Task Force on Community Preventive Services,?10 recommend that
primary care practices use one or more strategies to optimize adolescent immunization
delivery. One recommended strategy is health care provider prompts to reduce missed
opportunities for vaccinations.1112 Provider prompts, or alerts, are produced by nurse/staff,
or by the electronic health record (EHR) at the time of patient visits to remind health care
providers to administer age-appropriate vaccinations. Few primary care practices use
provider prompts for adolescent immunizations as a result of implementation barriers such
as complexity and cost.13 Further, few studies have evaluated provider prompts’
effectiveness among adolescent populations, and those that have reported mixed results. One
study showed no benefit of prompts for influenza vaccinations among children and
adolescents with asthma,1# while a recent study in a hospital-based primary care system
using a single EHR showed benefit for HPV vaccination initiation but not subsequent doses.
15 Thus, although some experts recommend provider prompts for a variety of preventive
measures,16-20 |jttle evidence supports their effectiveness for adolescent immunizations. Of
note, earlier studies demonstrated that nurse/staff prompts had variable success in reducing
missed opportunities for childhood vaccinations11:12:21-24

We conducted a randomized controlled trial in 2 practice-based research networks (PBRNS),
an upstate New York network and a national network of pediatric continuity clinics, to
evaluate the impact of provider prompts on adolescent immunization rates. We used
community-based participatory research methods for practitioners to reach a consensus on
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the intervention to be studied, which converged on provider prompts, and then conducted the
intervention in both PBRNs. We hypothesized that provider prompts would improve
adolescent immunization rates.

The study was based in both a local and a national PBRN. The Greater Rochester PBRN
(GR-PBRN)Z consists of 85 primary care practices, including 44 pediatric and 14 family
medicine practices serving >80% of all children in the Monroe County, New York, region,
which has a population of 750,000. The national Continuity Clinic Research Network
(CORNET) consists of 73 pediatric continuity clinics in 36 states serving over 683,000
children and adolescents; many are large hospital-based continuity clinics.

Study Design

Using concepts of diffusion theory outlined by Rogers,26 we performed a 3-part mixed-
methods study? to 1) determine a consensus-driven, practice-based strategy to improve
adolescent immunization rates, 2) test the strategy in 2 PBRNs, and 3) evaluate practitioner
perceptions of the interventions.

Selection of a Practice-based Intervention—We first conducted a mixed-methods
mailed/online survey of primary care practices plus qualitative key informant interviews of a
subset of practices in the 2 PBRNS to: 1) ascertain which of the recommended adolescent
immunization strategies practitioners were using and would be interested in adopting
(reported previously?8); 2) develop consensus about which specific intervention to evaluate
on the basis of practitioner perception of the intervention’s feasibility, effectiveness, and
sustainability; and 3) identify practices that were interested in participating in intervention
evaluation. Two-thirds of GR-PBRN and three-quarters of CORNET practices selected
provider immunization prompts delivered either by nurse/staff during patient visits, or
delivered by EHR for study.

Evaluation of Provider Prompts—We conducted a randomized controlled trial,
stratified by PBRN, to test the impact of provider prompts on increasing adolescent
immunization rates. Intervention practices within each PBRN were matched with control
practices in pairs by suburban, urban, or rural status and practice type (pediatrics or family
medicine). The 12-month randomized controlled trial spanned June 6, 2011, to June 5, 2012
(GR-PBRN), and September 20, 2011, to January 30, 2013 (CORNET; intervention/control
practice pairs had staggered starts over a 4-month period, but for each practice within an
intervention/control pair of CORNET practices the study time period was the same).

Assessment of Practitioner Perceptions of the Intervention—After the
intervention, we conducted a qualitative phone interview of one practitioner from all
intervention practices to assess perceptions of feasibility, acceptability, and sustainability of
the provider prompts. We used constructs from diffusion theory as the conceptual
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framework.28 Two authors [SH, PV (GR-PBRN); SH, ND (CORNET)] performed,
documented, and analyzed interviews.

The research subjects review board of the University of Rochester approved all 3 study
components; the 14 CORNET sites required additional institutional review board approval.
Parent and patient informed consents were not required because the intervention involved a
practice-based intervention recommended for general use.®

Primary Care Practices and Randomization—Fourteen GR-PBRN and 15 CORNET
practices agreed, before randomization, to participate in the randomized controlled trial
intervention (Figure). Our power calculation called for 6 pairs (12 sites) per PBRN to be
able to detect an increase of 10 percentage points (40% to 50%) in immunization rates with
80% power, an average of 160 patients per practice, a 2-tailed alpha of 5% and an intraclass
correlation (ICC) of 0.01 (or 13 percentage points with ICC = 0.02); an ICC of 0.01 to 0.02
is typical for primary care trials. Within the GR-PBRN, we created practice pairs: 4
suburban pediatric, 1 rural family medicine, and 1 urban community health center. The
community health center pair was excluded because the intervention practice could not
implement the intervention, leaving 5 practice pairs. Within CORNET we created 5 urban
pediatric pairs and 1 rural pediatric pair of practices. Using Stata 12.1, one author (AB)
randomly assigned practices within each PBRN and practice pair to be an intervention or a
standard of care control practice. No practice used provider prompts at baseline for
adolescent immunizations.

Subjects—The target population was all adolescents aged 11 to 17 years who were
enrolled in a participating practice during the year before the intervention. For the qualitative
postintervention survey, subjects were the practitioners.

Study Interventions

Identifying Adolescents Eligible for Immunizations or Preventive Visits—
Adolescents were considered eligible for Tdap, MCV4, or HPV vaccine based on 2010
Advisory Committee on Immunization Practices guidelines:>2° Tdap if no prior Tdap or Td
vaccination within 2 years (most practices used this time frame between Tdap and Td
vaccines); MCV4 if no prior vaccination; HPV vaccine for girls [first HPV vaccination
(HPV1) if none prior, HPV; if >60 days from HPV4, and HPV3 if >24 weeks from HPV4
and >12 weeks from HPV,], and influenza vaccine if none received that season. We did not
include catch-up vaccinations (eg, varicella vaccine39).

EHR-based Prompts—We worked with EHR personnel to program EHRs to display a
provider prompt (alert) on the initial screen that health care providers viewed upon opening
each patient’s electronic medical chart. Although EHR prompts varied slightly in
appearance, screen location, and method to document refusals, all prompts used the same
algorithm and displayed a list of vaccines due at that visit. Prompts did not generally show
prior vaccinations and did not include standing orders. We worked with 9 EHR vendors, 4
for the GR-PBRN and 5 for CORNET practices. EHRs were programmed to display
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prompts at all visits, not just preventive visits. In 3 of 4 EHR intervention practices from the
GR-PBRN, the EHR prompt was only used for adolescent (not child) immunizations; in the
remaining EHR practice, immunization prompts were activated for all ages, but results were
analyzed only for adolescent immunizations. In CORNET’s EHR intervention practices,
immunization prompts were turned on for all ages. Two CORNET intervention practices
transitioned to EHRs during the study and performed nurse/staff prompts for several months
until EHR prompts were implemented; these practices were allocated to the EHR group. For
each intervention practice, we provided one or two 1-hour educational sessions to inform
providers about EHR-based prompts. On the basis of participating practitioners’ preferences
and practice patterns, providers could elect to follow or ignore prompts.

Nurse/Staff Prompts (1 Practice per PBRN)—At 2 intervention practices,
practitioners preferred nurse/staff prompts because they lacked EHRs that could be
programmed to deliver prompts. For these practices, we delivered 1 or 2 educational
sessions to physicians and nurses/staff. We described the importance of immunizations and
provided a nurse/staff protocol to: 1) review immunization records for every adolescent at
each visit; 2) list immunizations due at each visit onto a sheet; and 3) display vaccine
information statement forms.

Follow-up Telephone Calls—We conducted monthly telephone calls with intervention
practices to assess progress, address concerns, and engage practitioners in group discussions
and problem solving (eg, strategies during busy periods). We encouraged practices to select
a small number of charts to review for missed opportunities as a process metric; of note, few
practices complied as a result of limited time and staff to perform chart reviews. We used
this “low-touch” approach on the basis of practitioner preferences and to optimize
sustainability.

Controls—Adolescents in control practices received standard of care, which did not
include prompts.

Postintervention Survey

For each intervention practice, a physician leader and an office manager were interviewed by
phone by one investigator (SH), using a predefined outline of questions that assessed
feasibility, acceptability, and sustainability of prompts. Respondents were sent the questions
before the interview and were also asked open-ended questions to elaborate upon their
answers.

Outcome and Process Measures

Patient Information, Missed Opportunities, and Immunization Rates—For each
practice, we obtained the practice denominator at 2 points in time: at the start of the
intervention to assess the 12-month baseline period, and 1 year later to assess the 12-month
intervention period. The denominator for the baseline period was defined as adolescents who
had >1 visit of any kind within the 12-month period and were 11 to 17 years at the start of
the time period. The denominator for the intervention period was adolescents with >1 visit
during the intervention period, regardless of visits during the baseline period. We then
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randomly selected 160 adolescents from each practice for standardized chart reviews, at both
the start and end. Our research assistants reviewed GR-PBRN charts; for CORNET practices
across 11 states, a provider or nurse champion at each site was trained to review the charts.
All chart reviews were recorded on paper and sent to Rochester-based research staff for
double data entry and analysis.

Measures—Main outcomes were receipt of recommended Tdap, MCV4, HPV 5 3, and
influenza vaccines on or after the 11th birthday, as well as combinations of these vaccines. A
secondary immunization outcome was time to vaccination in days since the 11th birthday.
An additional outcome was missed opportunities, defined as visits in which an adolescent
was due for a vaccination but did not receive the vaccine. Missed opportunities were further
coded as refusals, deferred, other, or no notation in the chart.

Answers to the postintervention qualitative phone interviews were reviewed by 3 authors
(SH, PV, CA), with interpretive differences resolved through discussion.

Statistical Analyses

Results

The primary independent variable was group assignment (intervention vs control). We also
performed an analysis limited to EHR practice pairs. All analyses were stratified by PBRN.
We first used descriptive statistics to compare baseline provider/patient factors and
immunization rates for intervention versus control practices. Because we had randomized
practice pairs (intervention/control), we accounted for multiple levels of nonindependence
and clustering (by intervention/control pairs, and then by practice). We used a multilevel
mixed-effect logistic regression model with robust standard errors, with patients nested
within practices, and covariates for pair assignment, study time period, intervention
assignment, and an interaction between time and intervention assignment. The interaction
term portrays how much more (or less) the intervention group’s odds of immunization
increased compared to the control group’s odds of immunization. For time to event analyses,
we used a stratified Cox model, stratifying on paired practices, and robust standard errors,
with just the study time period, intervention assignment, and an interaction between the 2,
within the model. We estimated hazard ratios for receipt of vaccinations. We used StataMP
software, version 13.1.31

Randomization and Baseline Characteristics

The Figure shows randomization and assessment processes. For the GR-PBRN, of 88
practices that responded to the survey, 43 practices expressed interest in being randomized to
an intervention, and 31 were excluded before randomization (>50 miles from Rochester,
New York; <500 adolescents; already using EHR prompts; or EHRs not programmable for
prompts and not willing to use nurse prompts). The 12 remaining practices were eligible for
randomization and were stratified by urban, suburban, or rural residents and pediatric or
family medicine practices. They were subsequently randomly allocated within pairs to
intervention or control groups. For CORNET, of 78 clinics that responded to the survey, 41
expressed interest in being randomized to an intervention, 12 were excluded for ineligibility
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(<500 adolescents, already using EHR prompts), 29 were eligible, and we selected 12 (6
pairs) that were geographically disparate for randomization. Table 1 shows practice and
patient characteristics of intervention versus control groups stratified by PBRN. In the GR-
PBRN group, intervention practices had a slightly higher percentage of publicly insured
adolescents; in the CORNET group, intervention practices had a slightly higher percentage
of white adolescent patients.

Immunization Rates

Table 2 shows immunization rates at baseline and at the end of the study period, stratified by
PBRN. Baseline immunization rates closely mirrored national rates.32 The adjusted odds
ratio represents the ratio of the odds (postintervention period vs baseline immunization
rates) for intervention versus control practices—that is, the change in immunization rates
due to the intervention. Table 2 reveals 3 key findings. First, baseline immunization rates
were high for 2 vaccines (Tdap and MCV4) and quite low for HPV and influenza
vaccinations. Second, vaccination rates increased slightly from baseline to end of study
period for both control and intervention practices (ie, secular trends). Third, the intervention
did not appear to increase immunization rates in either PBRN for any of the individual
vaccines or for combinations. That is, adjusted odds ratios were not significantly greater than
1.0.

We also used survival analysis to assess time to HPV vaccination as a more sensitive
measure of the intervention effect (Table 3). In both PBRNS, the intervention had no effect
on the time from start of the intervention period to receiving any of the HPV vaccine doses
or to being fully vaccinated, with one exception: in the GR-PBRN group, intervention
subjects were 124% more likely to receive HPV» at any given time than adolescents from
control practices (median of 54 days vs 79 days after HPV ).

Missed Opportunities

Provider prompts were designed to improve immunization rates by reducing missed
opportunities for immunizations. Table 4 shows the impact of the intervention on visits with
missed opportunities (ie, visits as the unit of analysis) and on the percentage of adolescents
who had a missed opportunity. With one exception, the intervention did not improve missed
opportunity rates. Within the GR-PBRN, the intervention reduced missed opportunities for
HPV vaccination by 18% (adjusted incident risk ratio 0.82; 95% confidence interval 0.72—
0.94). We also examined simultaneous missed opportunities (ie, visits during which some
but not all eligible vaccines were administered), and we found no differences between
intervention and control groups (not shown in Table 4).

Monthly Telephone Calls

Many practices found it challenging to participate on the monthly calls. For the GR-PBRN,
we conducted 9 calls over the 12-month study period, and the participation rate among the 5
intervention practices was as follows: 5 sites represented (4 calls), 3 sites (4 calls), and 2
sites (1 call). For the CORNET PBRN (6 sites) we conducted 12 calls over the 12-month
study period, and the participation rate was as follows: 6 sites (1 call), 5 sites (2 calls), 4
sites (1 call), 3 sites (4 calls), 2 sites (3 calls), and 1 site (1 call).

Acad Pediatr. Author manuscript; available in PMC 2021 August 05.
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Refusals

Because provider prompts might have caused more discussion of vaccinations but also more
parental refusals, we assessed parental refusal rates by medical record review (Table 4).
Parent refusals were not different in intervention versus control groups.

Practitioner Perception of Intervention

Before analyzing data on intervention impact, we interviewed providers from the 11
intervention practices to assess perceptions of the intervention’s impact. Interestingly,
providers from all 11 practices believed prompts were effective in reducing missed
opportunities and improving immunization rates, and nearly all respondents wished to
continue using prompts. However, most respondents also stated that providers ignored
prompts when practices were particularly busy. Respondents reported varied practical
barriers to prompts, including prompt errors (particularly early on for EHR practices as a
result of incomplete vaccine records), added time for documenting refusals, time constraints
for nurses for nurse-prompt practices, and lack of complete intervention acceptance by all
practice members, including physicians and staff.

Discussion

In this randomized controlled trial conducted in 2 PBRNs, we found that provider prompts at
office visits failed to improve adolescent immunization rates, despite the fact that
practitioners selected provider prompts as the strategy most likely to be effective, feasible,
and sustainable to raise adolescent immunization rates; that the prompts were generally
performed by the EHR, ensuring that they were delivered; and that on regular conference
calls and a postintervention phone interview, virtually all providers believed the prompts
were effective in reducing missed opportunities and improving adolescent immunization
rates.

Provider Prompts and Adolescent Immunizations

In 1996, we published results of a randomized trial in 2 urban practices to reduce missed
opportunities for childhood vaccinations by using nurse/staff-generated paper prompts that
listed immunizations needed at the time of office visits.2! The intervention reduced missed
opportunities slightly, but not enough to raise immunization rates. The major barrier was that
nurses/staff failed to place the prompts consistently on the paper medical charts. Over the
past 15 years, the emergence of EHRs has revolutionized primary care,33 and the concept of
provider prompts/alerts has emerged to facilitate delivery of recommended services such as
immunizations at the time of visits.14-20.34 Many EHR systems are developing such alerts.
Unfortunately, our current study, conducted in 21 practices across 2 PBRNs, had a similar
outcome to the 1996 study: prompts for adolescent immunizations did not improve
immunization rates, even within the EHR group. Although in our prior study the barrier was
the delivery of the prompts, the barrier in the current study was that providers did not act on
prompts sufficiently to increase immunization rates.

Acad Pediatr. Author manuscript; available in PMC 2021 August 05.
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Improving Effectiveness of Provider Prompts

Provider prompts should represent low-hanging fruit for improving quality of care because
they capitalize on patients already being in providers’ offices and because prompts can be
programmed to reflect guideline-based care.19:16:18-20 A recent report showed that if missed
opportunities for HPV vaccination were eliminated, HPV vaccination rates could rise to
>90%.8 Another study of children with asthma found that if missed opportunities for
influenza vaccination were eliminated, influenza vaccination rates would rise substantially.3
The key to provider prompts is to ensure that providers adhere to them. Unfortunately, other
studies have also found that prompts can fail to generate desired improvement in care as a
result of providers not believing in the accuracy of the prompts, not heeding the prompts,
forgetting the prompts, or feeling “prompt fatigue.”18 In our study, we did not notice any
time trends in missed opportunities, suggesting that prompt fatigue may have been less
important than providers simply ignoring prompts.

Because EHRs are increasingly implementing prompts, it is important to evaluate and
improve their effectiveness in primary care settings. One potential strategy is a hard stop,
which requires health care providers to act on prompts before being able to continue further
use of the EHR. However, we suspect that few health systems are willing to incorporate hard
stops for preventive prompts in order to retain hard stops for critical safety concerns and not
hinder visit flow; indeed, the providers in our study specifically requested soft alerts that
allowed providers to ignore prompts. A second potential strategy is to incorporate multiple
prompts within the EHR pathway to alert nurses and providers multiple times (and perhaps
in various ways) about the recommended preventive services. However, multiple prompts
could become irritating to providers. A third potential strategy is to incorporate provider—
patient communication strategies coupled with provider prompts in order to overcome
parental (or provider) vaccine hesitancy. A fourth potential strategy is to incorporate quality-
improvement based audit feedback and practice-improvement methods to make providers
aware of missed opportunities for immunization. A recent study by Fiks et all® noted that a
clinician decision-support provider prompt resulted in an increase in HPV; vaccination rates
(though no increase in HPV,_3 rates) and shorter time to complete the HPV vaccine series in
the prompt versus control group. The Fiks et al study was based in a single hospital-based
network of practices all using the same EHR, and their intervention also included quarterly
individual and practice-level performance feedback reports about missed opportunities and
immunization rates. For our study, we elected to ask practices to self-monitor their
performance, and we encouraged, but did not require, practices to self-audit charts each
month to assess missed opportunities, thinking that this method was more scalable.
Unfortunately, few practices complied with these self-audits. A fifth potential strategy is to
use incentives, such as pay for performance, to increase adherence to immunization prompts;
however, to our knowledge, no study has evaluated such a combined strategy. It is possible
that multiple practice-improvement methods are needed, in addition to provider prompts, to
help practitioners respond to immunization prompts.

Finally, multiple strategies beyond a successful prompt-based intervention are needed to
improve adolescent immunization rates.10:36 Although many of these strategies have had
only limited field testing with respect to adolescent immunization delivery, they include
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patient reminder/recall, standing orders, audit feedback, and improved provider
communication.

Strengths and Limitations

Study strengths include the use of a mixed methods study that incorporated qualitative
interviews and a rigorous randomized controlled clinical trial, 2 independent PBRNs for
generalizability, adequate sample size to detect even small effects of prompts, and a real-
world intervention. Limitations include the limited number of practices (n = 24 practices
before randomization) with an inability to control for some practice-based factors that might
have affected missed opportunities or vaccination rates, the loss of one practice pair from the
GR-PBRN, an inability to determine precisely the degree to which prompts resulted in
increased discussions about immunizations, and high baseline meningococcal and Tdap
immunization rates. Importantly, many practices had recently converted to EHRs, and it is
possible that the overwhelming impact of using EHRs dampened immunization prompts’
effects. Further, in most cases the alerts were not modifiable; they simply appeared as
standard prompts on the screen. Finally, we were unable to measure provider discussions
with patients beyond assessing parent refusals or requests for delaying vaccinations.
Nevertheless, in our study, refusal rates were similar for intervention and control practices,
so we do not believe that parent refusals contributed substantially to the lack of benefit of the
immunization prompts.

Conclusions

Although provider prompts are recommended to improve immunization rates, in this study
performed in both a local and national PBRN, provider prompts failed to improve adolescent
immunization rates and generally failed to reduce missed opportunities for immunization.
More rigorous practice-based changes are needed to improve rates.
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(systematically)

N=17
Prompts Control Prompts Control
Suburb Peds N=2 Suburb Peds N=2 Urban Peds N=5 Urban Peds N=5
Urban Peds  N=2 Urban Peds N=2 Rural Peds  N=1 Rural Peds  N=1
Rural FM N=1 Rural FM N=1
CHC N=1 CHC N=1
\ Excluded /
CHC FM pair*
RANDOMIZATION
Select| 160 patients per practice and [time period

Selected Patients
Period 1 N=800/4,914
Period 2 N=800/5,489

Selected Patients
Period 1 N=800/5,872
Period 2 N=800/6,270

Selected Patients
Period 1 N=960/7,292
Period 2 N=960/8,414

Selected Patients
Period 1 N=960/8,773
Period 2 N=960/9,795

ANALYSIS

Prompts
Suburb Peds N=2
Urban Peds N=2
Rural FM N=1

Chart reviews: 160 per
practice (n=800)°

Control
Suburb Peds N=2
Urban Peds N=2
Rural FM N=1

Chart reviews: 160
per practice (n=800)°

Figure.

Prompts
Urban Peds N=5
Rural Peds  N=1

Chart reviews: 160 per
practice (n=960)°

Control
Urban Peds N=5
Rural Peds  N=1

Chart reviews: 160 per
practice (n=960)°

Flow diagram showing intervention (prompt) and control practices and subjects for chart
reviews. Peds indicates pediatric practice; FM, family medicine practice; and CHC,
community health center. *The CHC practice pair was excluded because the intervention
practice was unable to perform prompts. °A random sample of adolescents who made a visit
during the 12-month baseline or 12-month intervention period was selected for chart review;
the same number of medical charts was reviewed for each time period (ie, n = 3,520 for the
baseline period and n = 3,520 for the intervention period).

Acad Pediatr. Author manuscript; available in PMC 2021 August 05.



Page 14

Szilagyi et al.

*s9o130eId Payalew Uo BuIuonIpUOD ‘UoISsaIBal Sa1ISIBO| [eUOIIPUOD WO SAN[eA S
*

“31qeotjdde 10U VN pUe I0MI8N UaIeasay d1ulj) Ainunuod ‘1 INH0D HI0MIBN Yoleasay paseg-a01jorld Ja1Sayooy Jajeals) sajeslpul NYgd-49

T (z2) v69 (¥8) 808 0S’ (08) 6£9 (82) 929 (%) u *poriad Apnis BuLInp JsIA 818 dARUBASID UM SjuBlied
(T2) 66T (6) 68 BuissIA
(v) 68 (9) 09 o1UBdSIH-UOU ‘18410
(67) 98T (T1) S0T S1uedsIH
(9¢) sve (8¢) 99¢ o1uedsiH-uou e|g
(02) 16T (se) ove 91uedsIH-UOU ‘S)YM
10> N WN WN +(%) u a0y
98’ (6v) 89 (6v) €L g8’ (05) 66€ (%6Y) €6€ (%) u ‘syuanyed aewaS
(8 9L () 28 () oe (%2) ¥1 Arenjiw/suoN
(62) 6.2 (ge) vee (92) 509 (%18) 699 o1and
(€9) G509 (19) 685 (02) 65T (%sT1) 211 aleAlld
144 100> (%) u ‘adAy 8aueansul Aq syusied
096 096 008 008 swaned Jo ‘0N
MBIABY Mey) auljaseg wol4
S211S1I)dRIRYD JUdITEd JUBISAIOPY
/8 (o8'T)00SC  (Lvl)ST8'T 65 (0zo's) 0S¥’y (086'T) 009'C AgT-T1
65 (66v'8) GLE'€T  (6¥C'v) 6208  €9°  (cov'z) ser'e  (808'S) GeT'L sabe ||V
,(@s) uesw *az1s abeleny
0 0 T T leany
0 0 14 14 uegingns
9 9 0 0 uegin
VN VN uoleao] Aq saonoeid Jo “oN
WN 0/9 0/9 N T/ iy saonoesd aurdipaw Ajiwey/soLrelpad Jo ‘ON
9 9 S S sao11oe.d Jo 'oN
SonsIIsloRIRYD 991108Id
«d [043Uu0D uonuenrW| . d [0J43U0D UOIUBAJBIU | 118108 FeyD
13NY0D NYgd-49

Author Manuscript

dnoio uoneziwopuey Ag sarey SIA 818D aAIUBABIH PUB SONSLIBIoRIRYD JUBled pue adl1oeld auljaseg

‘TalqeL

Author Manuscript Author Manuscript Author Manuscript

Acad Pediatr. Author manuscript; available in PMC 2021 August 05.



Page 15

Szilagyi et al.

“(..Buissiw,, Se papodal) 1 INHOD WO.f S3SLD JO 94GT Ul BuIssIw osje sem pue (a1ay pajussaid 10U SI 0S) NHEd-HO 8yl WoJf S3Sed JO 94G/ < Ul BuIssiw sem Smmu

15817 paJred woly %_ﬁsak

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

Acad Pediatr. Author manuscript; available in PMC 2021 August 05.



Page 16

Szilagyi et al.

‘A|uo $103[qns aewsy 10} passasse >aIJNr

"JusWUBISSe UONUBAISIUI PUR BWII USMIS] UORIRISIUI Ue pue ‘Juswiubisse uonuaAiaiul ‘potiad awi Apnis ‘Juswiubisse Jred sayelien0d Ylm S|apoul UoIssalBal 911s160] 108)48-paxiw [aAS[1{NW 1SN0l
W0JJ 8WO0I Soljel SPPO "0l1el SPPO Sse passaldxe ‘saonjoeld |043U09 104 (S8le) UOIRZIUNLWILI) SBWOIIN0 Ul aburyd JO SPPO SNSISA UOIIUBAILIUI 10) (S81el UoIRZIUNWWI) S8W09IN0 ul abueyd Jo SPPo sI YOr

fl
(oL

= ]0JJU02 ‘8/ = UOIIUBAIBIUI) PUd ApNis pue (89% = [0J1U0D ‘€/ ¢ = UONUBAISIUL) auljased—] INHOD {(0Zy = |011U0D ‘/6E = UonuaAIslul) pus Apnls pue (6E = |04IU0D ‘S6E = UOIUBAIRIUI) auljaseq—-Nddd

-49 :ale suoie|nNd[ed AdH 104 $193lgns a[eway Jo siojeulwousq Ajuo s10algns sjewsy J0y aJe SI0TRUILIOUSP aU) d18YM ‘BUIddeA AdH 40} 1daoxa (1INHOD) 096 = U 10 (NHGd-49) 008 = U aJe siojeuiwousd
'sired a0110e1d 9 papnjoul Ndgd LINHOD ayi ‘sired aa19eid G papnjoul NYgd-49 ayL ‘Apnis ays Jo pua ayi e urebe pue auljaseq 1e ad1oead Jad sSmainal 1eyd palas|as Ajwopuel 09T UO paseg

¥

*(019 ‘sa1ias Ul uolreu1doeA 1si1y ‘“TAdH) au1odea snuiaewopjided uewny ‘AdH puUe ‘aulddeA [2290206UIUBW ‘PADIN BUIDdeA Sissnliad Jenjjade pue ‘pioxo) eliayiydip paonpal ‘p1oxo) snuelsl ‘dep] ‘lomisN
yodeasay o1ulD Aununuo) ‘1 INH0D HoMIBN Yoeasay paseg-s0110eld 191sayo0y Ja1eald) ‘Nygd-HO {[eAIalul 80Uaplu0d ‘1D ‘o11ed sppo palsnipe ‘YOe Iomiau yoseasal paseg-sonoeld seyesipul Ny dd

vS (9T'T-69°0) 680 (vv) T2y (8v) LGv (ev) 0TY (6v) 2Ly eZUBN|JUI [BUOSESS
€T (L6'T-26'0) SE'T (e8) €62 (e6) 688 (82) 6L (28) 6€8 dep pue yAON
v9"  (88'T-89°0) €T'T (ev) 00z (05) LT (¥¥) L0z (8v) 622 EAdH
6. (99T-89°0) 90'T (09) 982 (t2) 8ee (25) s9¢ (99) €€ °AdH
18 (957-650) 96'0 (s2) 8s¢ (e8) z6¢€ (89) LT¢€ (22) g9t #'A\dH
65 (T¥'1-28°0)80°T (88) v¥8 (56) 806 (¥8) €08 (z6) 288 7AJN
65 (66T-89°0) 9T'T (88) ev8 (¥6) 06 (v8) 118 (16) 228 depl

L3NY0D
8. (S2'1-69'0) €6'0 (se) 282 (s€) 622 (0g) eve (ze) 2se eZUAN|JUI [eUOSEaS
8¢ (1S2-LL0)6ET (88) vOL (z6) veL (e8) 599 (s8) 829 dep pue yAON
0L (¥€'1-¥9'0) €6'0 (e9) T2 (19) T0T (19) S0z (15) 66T EAdH
86" (LL'T-150)T0°T (c9) 192 (69) veT (29) 67C (85) 622 °AdH
0 (0r'7-090) 26'0 (89) 982 (v9) €52 (29) 892 (¥9) 152 #'A\dH
69" (S02¥9'0)ST'T (T6) 822 (e6) VL (88) 102 (68) 602 7AJN
12 (952-28°0) v¥'T (96) 292 (86) €82 (e6) 9vL (s6) 092 dep

NY9d-d49
d (1D %S6) | HOe (%) Uu'0u0D (%) U ‘uonusaleiu| (%) U'jouod (%) U ‘uonuenselu| uoireziunww |

polad Apnis Jo pu3 aulpseg

,Ndgd Aq payyirens dnoso Apnis Aq poliad Apnis Jo pu3 pue auljaseq Je saley uoneziunwiw|

‘¢ slqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Acad Pediatr. Author manuscript; available in PMC 2021 August 05.



Page 17

Szilagyi et al.

'$3119S AdH 40 U013 dWwod 0} UONUBAIBIUI BU} JO LIBIS B} LWOJJ BWI) U} SISSSSE ULUN|0D 1S8] 3YL ‘ZAdH POAII8I OUM SIUSISB|ope 0} PaMILLI|
SI pue EAdH PUB ZAdH U8aMIag [eAI8)ul 8 SBSSSSe UWN|0D 1Se| 8y} 0} puodss 8yl “HH s.dnoib j01u0d sy 0} paredwod spotiad Apnis JaA0 2T pasessoul YH s,dnolb uonuaaisul 8y ey suesw (CAJH

10}) ¥72'Z 30 YH e ‘a|dwiexa 104 "Wd) UoIIeIBIUL AU} SI YH BUL JUSAS 8y} aney Apealfe Jou pIp [ENPIAIPUL Y} eyl uaAIB ‘awir) 91419ads & 18 Juand Ue aAey ||1M 193[gNs & Jey) 8oueyd ay) S| Uorauny piezey wc._.n

"3U1908A AdH 4O S8S0p € Ui pareurddea Ajjng Buiag o) porsad Apnis Jo 1iels wouy mE_._.qN

'SISOP U9aM1aq s|enlaiul Buioeds papuawiwiossal ay) 10y paiunodde 1disdal EAdH pue CAdH

104 sasAjeuyy “Apnis ay Jo Lels ay) Aq asop 1si1y ayy pey Apealfe oym asoyy 10y 1daoxe TAJH 4oy 81qiBi1e alam $103[qNns a[ewwsy |[e 1ey) 9I0N "Sasop 10 8s0p aUIBA AdH 0 1d19984 03 A|IqIBIS WOl Wil
*

“YIOMIBN YoIeasay
21U AUNUnuoD ‘1 INHOD Pue HI0MIBN UdIessay pased-a0110eld Ja1sayooy Jaleslo) ‘NYdd-H9 ‘onel prezey ‘dH ‘(019 ‘salias Ul uoneurooea 1si1y ‘TAJH) aulooea sniuiaewojjided uewny sayeaipul AdH

(L17-€80)T2T  (¥92-990)2€T (€22-69°0) ¥2T (L2'T-250)S8°0 13NY0D
(67'1-090) ¥6'0  (€52-T9°0)S2T (9T +-TCT) vz (EF'1-250) 98°0 NYgd-49

|SBUIR0A AdH € LENdH LENdH L AdH dnouo Apnis

+dH

,. (5950 papuswiwodsy ¢ |1V BulAIzosy 10) sesoq auldoeA AdH Bulssiin BulAigday o)
(PaUIqWID SUOIIBUIDJEA |1V 10} LeS ApmiS 10) AdH 404 AN1q1B113 Wwold sl -s103[gNS a[ewsH 01U0D "SA UOUSAISIU| 0} | %G6 PUE 4SOleY piezeH

‘€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Acad Pediatr. Author manuscript; available in PMC 2021 August 05.



Page 18

Szilagyi et al.

‘(ezUaNuI 10 ‘AdH ‘depl ‘PADIN) auldden Aue Joy _mmEam_qN

“umoys

S1 01784 9)0J-90U3PIoUI PaIsnIpe UL "aUIDJA € 10} 9]q161]3 919M SIU3IS3|OPE USYM JBaA ay) BuLInp SHSIA J0 Jaguinu [e10} ‘loreulwousp ‘Auunyioddo passiw e panjoAul 18yl SHSIA JO J3QINU S1 J0JeIsWnN
*

"3UI998A SniiAewo|[ided uewINY ‘AdH pUe 3UId2eA [822000BUILBW ‘YADIN ‘3UID28A Sissniiad Jejn|jaoe pue ‘pIoxo) eLayiydip peonpal ‘ploxol
snuela} ‘dep | IoMION YoJeasay d1ullD AUnunuoD ‘L INH0D SHOMISN UoJeasay paseg-aonoeld Jo1sayooy Jo1ealo ‘Nudd-HoO ‘[eAIalul 30UspRuod ‘| SI0MISU YoJeasal paseq-aondeld salesipul NYdd

9’ (£6'2-95'0) €0'T ) 1 (r1) ve1 (¥) or (e1) 821 4-eak uonuanselul sy Bunnp auraoen Aue pasnyal oum sjualted
Ll (99°'1-150) 26°0 (28) T08 (82) 669 (€6) €88 (18) €e8 Jeak uonuanaiul ayy Buninp Anuniioddo passiw Aue yiim syusied
69’ (50'1-€6°0) 66°0 (e6) ve9/T6S (L2) €0s/88€ (z6) Te8/ESL (28) 829/955 aurpden Auy
66° (¥2'1-08'0) 00'T (8€) 955/T12 (e¢v) STYIVLT (6€) L0L/ElT (ov) 65/8TC ezuanjyuj
86’ (STT-28'0) 00°T (0€) L28/2LT (82) 2LviteT (62) 6¥7L/ST2 (92) ze9/eat (s116) AdH
*Em\n uonuanaul ayy Burinp saniunyoddo passiw Yim SHSIA
13NY0D
8T’ (Tr'e-620) ¥9'T (t1) 16 (s1) T2t () 68 (918 4eak aup Butinp autoden Aue pasnjal oym spualed
v9’ (2L T-1¥0) ¥8°0 (v6) 26L (96) 59 (96) ¥9. (86) 622 Jeak uonuanusiul ayy Buinp Anuniioddo passiw Aue yim siuaired
ras (S0'1-,6'0) TO'T (T6) 9T9/855 (16) 659/865 (v6) 895/5€S (S6) ¥85/25S aurpoen Auy
9T (90'1-620) 26'0 (9¢) 914/881 (9€) 8e5/e6T (se) v1a/6LT (28) LesiveT ezUBNU|
S00° (¥6'0-2L'0) 28°0 (T€) L95/€LT (L2) 909/59T (T€) 825/99T (e€) zss/veT (s11B) AdH
*Ew\A uonuanIaul ayy Burinp saniunyoddo passiw Yim sHSIA
NYgd-49
d (1D %S6) olrey »s1d wepnpu| (%) U ‘[04uoD (%) U ‘uonuenRIu| (%) U ‘[013U0D (%) U ‘UolUSARIU| J1s1e10R YD

polad UONUBARIU|

aulseg

NY9d Aq poliad uonuanIau| pue auljaseg Buling $a2119.id [011U0D SNSIaA UOIIUSAIBIU| J0J aUIDIBA AQ Saley [esnjay pue saniunuoddO passi

Author Manuscript

‘v alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Acad Pediatr. Author manuscript; available in PMC 2021 August 05.



	Abstract
	Methods
	Setting
	Study Design
	Selection of a Practice-based Intervention
	Evaluation of Provider Prompts
	Assessment of Practitioner Perceptions of the Intervention

	Participants
	Primary Care Practices and Randomization
	Subjects

	Study Interventions
	Identifying Adolescents Eligible for Immunizations or Preventive Visits
	EHR-based Prompts
	Nurse/Staff Prompts (1 Practice per PBRN)
	Follow-up Telephone Calls
	Controls

	Postintervention Survey
	Outcome and Process Measures
	Patient Information, Missed Opportunities, and Immunization Rates
	Measures

	Statistical Analyses

	Results
	Randomization and Baseline Characteristics
	Immunization Rates
	Missed Opportunities
	Monthly Telephone Calls
	Refusals
	Practitioner Perception of Intervention

	Discussion
	Provider Prompts and Adolescent Immunizations
	Improving Effectiveness of Provider Prompts
	Strengths and Limitations

	Conclusions
	References
	Figure.
	Table 1.
	Table 2.
	Table 3.
	Table 4.



