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Abstract

Background Immunization is essential in preventing life-threatening pneumococcal infections in children with nephrotic
syndrome. An additional 23-valent pneumococcal polysaccharide vaccine (PPSV23) series is required for children with
nephrotic syndrome. Despite current practice guidelines, many children with nephrotic syndrome do not receive PPSV23.
Methods Our nephrology clinic conducted a quality improvement project to improve the overall rate of PPSV23 counseling
to more than 70% within a 12-month period by applying several targeted interventions to raise providers’ awareness, improve
communication with primary care providers, and increase provider adherence. Data was collected from the electronic health
record (EHR), and monthly performance was tracked via monthly control charts and overall immunization counseling rate
charts.

Results We increased adherence to PPSV23 vaccination counseling from a baseline of 12 to 86%. The first intervention
that effectively increased the vaccine counseling rate from 12 to 30% was improving a provider’s awareness of the PPSV23
literature and vaccine guidelines. Other interventions included regular performance reviews at division meetings, creating
an immunization protocol, posting performance charts on the office bulletin board, and unifying vaccine recommendation
templates. Lastly, specific and timely EHR reminders improved the total counseling rate from 52 to 86% and maintained
adherence until the completion of the project.

Conclusion Bridging the knowledge gap in provider awareness and using specific EHR reminders can improve adherence to
PPSV23 counseling in children with nephrotic syndrome. Such interventions could be applied to similar groups of immu-
nocompromised patients in whom additional vaccines are indicated.
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records
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peritonitis, bacteremia, and pneumonia are among the lead-
ing causes of severe and life-threatening infections in children
with nephrotic syndrome [2]. Fortunately, there are several
pneumococcal vaccines that help prevent pneumococcal dis-
eases [1, 3].

In the USA, most healthy children receive the pneumo-
coccal conjugate vaccine (PCV) series in the first 2 years of
life as part of their routine childhood immunization per the
Centers for Disease Control and Prevention guidelines [4].
The Advisory Committee on Immunization Practices (ACIP)
recommends administering the 23-valent pneumococcal poly-
saccharide vaccine (PPSV23) to children with nephrotic syn-
drome older than 2 years of age after completing the routine
PCV series [5]. Several studies showed that the pneumococcal
vaccine is both safe and effective in children with nephrotic
syndrome [3, 6, 7]. Moreover, the Kidney Disease: Improving
Global Outcomes (KDIGO) clinical practice guidelines rec-
ommend the PPSV23 vaccination of children with nephrotic
syndrome, even with concurrent corticosteroid therapy [8].
The PPSV23 immunizes individuals against 23 pneumococcal
serotypes and is given in two doses separated by 5 years [5].

Despite the consensus recommendation to administer the
PPSV23 in children with nephrotic syndrome, many children
do not receive the vaccine [1]. This fact is highlighted in a
recent multi-center study demonstrating that rates of PPSV23
vaccination range between~6 and 65% in children with
nephrotic syndrome [9]. Additionally, the 2013 United States
Renal Data System (USRDS) annual report showed that only
10% of children with kidney failure in the USA had received
the pneumococcal vaccine despite the recommendation that all
children with chronic kidney disease and kidney failure receive
the vaccine [10]. The primary reasons for suboptimal PPSV23
vaccination rates are the lack of vaccine counseling by medi-
cal providers and lack of knowledge among nephrologists and
primary care providers about safety and efficacy of PPSV23
vaccination in children with nephrotic syndrome [1].

Our overall goal of the present study was to improve
rates of PPSV23 vaccination counseling in children with
nephrotic syndrome. We hypothesized that by increasing
provider knowledge of the PPSV23 research literature and
consensus guidelines and improving communication with
the primary care provider, as well as improving provider
adherence to administer the vaccine, we could increase the
number of nephrotic syndrome patients who receive PPSV23
vaccine counseling to more than 70% within a 12-month
period.

Methods

To assess our baseline performance, we performed a manual
chart review in the electronic health record (EHR) of all
children with nephrotic syndrome aged 2—18 years old in
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our healthcare practice. During this chart review of the EHR,
we searched for a documented PPSV23 administration or
counseling done by the treating nephrologist or primary care
provider.

Setting

This project was performed from May 1, 2018, to April
30, 2019, at the pediatric nephrology division at Yale-New
Haven Children’s Hospital, an academic, tertiary care center
in CT, USA. The pediatric nephrology outpatient service
consists of six satellite clinics, and each clinic is covered
by one of the four board-certified pediatric nephrologists,
a registered nurse, and sometimes learners (pediatric neph-
rology fellows, pediatric residents, and/or medical stu-
dents). PPSV23 vaccine was not consistently available in
all locations.

Measure

We utilized a process measure of the percentage of eligi-
ble patients where PPSV23 vaccine was documented as
being recommended. The denominator was defined as the
number of nephrotic syndrome patients who did not have a
previously documented PPSV23 vaccination or counseling
(number of eligible patients). Eligible encounters were clinic
visits for eligible patients for that month. PPSV23 vaccina-
tion recommendation was sent directly to the primary care
physicians (PCPs) through the EHR. For PCPs who do not
use the same EHR, the recommendation was faxed to their
offices. Once the fax was received, a confirmatory page was
printed for documentation. We excluded patients who had a
history of severe reaction or documented allergy to pneumo-
coccal vaccine or had moved to another healthcare system.
Patients receiving B-cell depleting agents were temporar-
ily removed from the eligible patient list for 6 months after
therapy. PPSV23 was recommended after confirmation of
adequate pneumococcal 13-valent conjugate vaccination sta-
tus given the knowledge gaps surrounding recommended
pneumococcal vaccination schedule for immunosuppressed
children.

Interventions

This 12-month initiative was planned during multi-discipli-

nary division meetings. We produced a key driver diagram

(Fig. 1) and implemented interventions sequentially [11].
Our interventions were as follows:

1. In month 1, education on the PPSV23 vaccine research
literature and the ACIP best practice guidelines was
delivered via in-person lectures and follow-up emails
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Fig. 1 Key driver diagram.
Multiple interventions were
planned and implemented in

a sequential manner. Green-
colored interventions have been
implemented. Grey-colored
interventions are ideas to be
considered in the future. EHR,
electronic health record; PCP,
primary care physician

Within 1 year,
more than 70% of
eligible nephrotic
syndrome patients
will have received

INTERVENTIONS

Literature review presentation & follow-up email

KEY
DRIVERS

Provider
Knowledge

Develop a standardized immunization protocol

AIM

Clear documentation of vaccine recommendations

Monthly performance review meeting

CemmieEien Posting performance chart on office bulletin board

with PCP

or given
counseling to
receive the
pneumococcal

Timely EHR-based reminders on clinic visit day

vaccine

that included key published articles and web links to
consensus guidelines. Our web-based presentation can
be viewed in Online Resource 1.

In month 3, we added performance reviews to our
monthly division meetings.

In month 5, we created a divisional immunization protocol
using the ACIP recommendations and research literature to
standardize the approach to PPSV23 immunization and limit
practice variation. The protocol section related to PPSV23
immunization can be viewed in Online Resource 2.

In month 6, we posted performance charts on the divi-
sion office bulletin board. Those were aggregate data of
all clinic providers.

In month 7, we utilized a uniform recommendation tem-
plate in the EHR to communicate with the primary care
provider. The template contains the following text: “We
recommend administration of the PPSV23 vaccine in the
primary care physician’s office. This is a two-vaccine
series separated by 5 years. Please review immunization
records prior to administering the PPSV23. Refer to the
CDC website for pneumococcal vaccine schedule and

Af,{,‘;‘f;’,?;e Immunization EHR-based dashboard ]
Registered nurse to remind providers in clinic ]
6. Lastly, in month 8, we launched EHR-based reminders for

eligible patients to arrive in the provider’s inbox on the
day of an eligible patient’s clinic visit. This intervention
required a monthly pre-visit chart review, planning for the
scheduled visits, and programming the EHR-based remind-
ers in the Epic® EHR system. The EHR-based remind-
ers contain the patient’s name and the following message
“You are seeing the above patient with nephrotic syndrome
today in follow-up. According to our review, the PPSV23
pneumococcal vaccine was not administered in the past. If
clinically appropriate, please consider recommending the
vaccine and documenting it in your clinic note”.

Study of the interventions

Performance was tracked via control charts to demonstrate
the monthly rate of PPSV23 counseling of the eligible
encounters with the upper and lower control limits rep-
resenting 3 SD above and below the mean (Fig. 2). Rules
for special cause were followed [12—-15]. Additionally, an
overall immunization counseling rate chart was created to

give as recommended”.

Fig.2 Control chart of monthly
vaccination counseling rate.
Different interventions led to
variable degrees of improve-
ment in PPSV23 monthly
counseling rates. The center line
was shifted at month 8, when
timely EHR-based reminders
were initiated. The numerator is
the number of eligible patients
who received counseling (or
vaccination) in each month. The
denominator is the total number
of eligible patients seen in clinic
in that month. CL, center line;
LCL, lower control limit; UCL,
upper control limit
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PPSV23 counseling out of the total current number of chil-
dren with nephrotic syndrome in our practice (Fig. 3). Con-
trol charts were created using QI Macros for Excel (Know-
Ware International, Denver, CO). Data was collected from
the EHR.

Ethical considerations

This quality improvement project was exempted from
review per institutional review board regulations. We report
our project in compliance with the Standards for Quality
Improvement Reporting Excellence (SQUIRE 2.0) guide-
lines (Online Resource 3) [16].

Results

At baseline, our center cared for a total of 68 children with
nephrotic syndrome. The median age of these 68 patients at
the start of this quality improvement project was 10 years
(IQR, 6-14) and 36 (48%) were male. Eight out of the
68 children (12%) had either received the recommended
PPSV23 vaccine or were advised by the treating nephrolo-
gist to receive it at the primary care physician’s office.

To reach our goal, three key drivers were defined: pro-
vider knowledge, communication with the primary care
physician, and provider adherence (Fig. 1). Figure 2 is a
control chart that illustrates the monthly vaccination coun-
seling rate. The first intervention was focused on educating
medical providers on the PPSV23 research literature and
consensus guidelines [1, 3, 5-7]. This intervention increased
the overall counseling rate from the baseline of 12 to 30%
(Fig. 3). Next, monthly review meetings of the PPSV23
counseling rates were initiated from month 3 and increased
the counseling rate to 44%. Then, in month 5, the creation of
a division immunization protocol improved the counseling
rate to 48%. In month 6, we posted PPSV23 counseling

Fig.3 Overall cumulative 100%

vaccination counseling rate.
Several interventions were
implemented. The quality

90%

80%

70%

performance charts on the office bulletin board, and the vac-
cination counseling rate continued to rise to 50%. The use of
a uniform EHR template for PPSV23 communication with
the primary care provider helped to standardize the commu-
nication process and increased the rate of counseling to 52%.

We observed a decrease in counseling during the months
of November and December 2018. However, during that
period, there were only two patients with nephrotic syn-
drome seen in clinic due to inclement weather and holiday-
related clinic closures.

Lastly, the EHR-based provider reminders were imple-
mented in month 8§ and led to a sustained improvement in
performance for the remaining months of the project during
which the quality improvement project goal was achieved.
The center line of the control chart was shifted due to the
presence of six consecutive points above the preceding
center line (Fig. 2). By the end of the project, we observed
that 86% of children had received PPSV23 counseling
(Fig. 3). Later, after completion of the 12-month project and
cessation of the monthly review meetings and EHR-based
alerts, we observed a decrease in the monthly counseling
rate to approximately 50%.

Discussion

We successfully implemented a multi-faceted quality
improvement initiative to increase the rate of PPSV23 coun-
seling in children with nephrotic syndrome. This project led
to an increase in the percent of children who received vac-
cination counseling from 12 to over 80% by the end of the
project.

To our knowledge, this is the first reported quality
improvement project focused on improving PPSV23 immu-
nization in children with nephrotic syndrome. Several qual-
ity improvement initiatives have been previously reported to
improve immunization in immunocompromised populations.

Timely EHR remindersl 4=m=0
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Malone et al. reported a multi-faceted quality improvement
project that successfully improved pneumococcal immuni-
zation rates in children after kidney transplantation from
6 to 52% by developing an age-specific vaccine algorithm,
obtaining vaccine records from primary care providers, and
using EHR-based best practice advisory reminders [17].
Another quality improvement initiative to increase pneumo-
coccal vaccination in children with systemic lupus erythe-
matosus was performed over a 12-month period with several
interventions that included increasing provider knowledge,
creating an immunization algorithm, pre-visit planning, and
EHR-based reminders [18]. Furthermore, a recent 12-month
quality improvement project improved the percentage of
children with systemic lupus erythematosus who received
at least one pneumococcal vaccine from ~ 25 to more than
90% using interventions that increased provider awareness
of the PPSV23 vaccine, routine review of patient vaccine
records, weekly pre-visit planning, and creating a vaccine
algorithm [19].

In the present project, we noted an improvement of
the PPSV23 counseling rate beginning when educational
programs for providers were initiated. Education helps to
improve medical provider understanding of the correct tim-
ing, dosing, efficacy, and possible side effects of PPSV23
vaccination in children with nephrotic syndrome. In a recent
multi-center study of 50 pediatric nephrologists and 153 par-
ents of children with nephrotic syndrome, only 44% of pro-
viders reported adherence to the inactive vaccine guideline
recommendations, and 32% of the parents reported aware-
ness of these recommendations [9].

We focused on provider counseling as a process measure
due to the significant impact of counseling on the parental
decision for immunization. Tran et al. examined the predic-
tors of PPSV23 adherence in children with nephrotic syn-
drome and found that a recommendation for immunization
by the treating nephrologist was significantly associated with
vaccine adherence [9]. This association was maintained in a
logistic regression model adjusted for several factors includ-
ing parent income, parent education, and race. Furthermore,
Scheuerman et al. reported that the most important reason
for parents of children with chronic kidney disease who did
not accept influenza vaccination was not receiving appropri-
ate counseling and 38% of the parents stated they would have
agreed if they received sufficient information [20].

With the initiation of EHR-based reminders, we observed
a sustained improvement in adherence to PPSV23 coun-
seling. Providers receiving patient-specific alerts on the
morning of a clinic visit were more likely to counsel their
patients and parents during busy clinic days. This is high-
lighted by the shift in the center line of the control chart
starting from month 8. Several quality improvement initia-
tives leveraged timely reminders to improve immunization
compliance [17, 18]. The use of EHR-based tools to modify

provider behaviors can be a double-edged sword. In a quality
improvement project, Malone et al. reported no improvement
in vaccination compliance with using non-specific EHR-
based alerts that were delivered to all providers seeing kid-
ney transplant patients [17]. Alternatively, we used specific
reminders to individual patients that arrived at the assigned
provider’s inbox on the morning of clinic visits to avoid
“alarm fatigue”. These alerts were generally well-tolerated
and encouraged by providers, as evidenced by feedback
during division meetings and the sustained improvement
in counseling rates. Of note, the weekly chart review and
EHR alerts pre-programming took between 30 and 45 min
initially, but decreased with time as fewer patients were
eligible. This is consistent with similar projects using pre-
programmed EHR alerts [19].

Our project has several limitations. This is a single center
effort which may limit generalizability. Also, we relied on
the PCPs to administer the vaccination due to the unavail-
ability of the PPSV23 vaccine in many of our satellite clinics
and to enhance the role of the PCPs in centrally managing
and tracking vaccinations. Our focus on PPSV23 counseling,
as opposed to delivery of the vaccine, was due to the lack
of PPSV23 vaccines at many pediatric nephrology satellite
clinics and the PCP’s access to detailed historical vaccina-
tion records. Also, in this project, we focused on the pro-
cess measure of counseling parents and patients, but we did
not assess if the actual vaccination was administered by the
PCPs. This can be included in future projects to ensure the
receipt of the recommended vaccination. We also recognize
the overlap between consecutive intervention cycles, which
should be considered in evaluating the impact of each inter-
vention cycle. Additionally, after our EHR reminders and
division meetings stopped, we witnessed a decline in coun-
seling rates as PPSV23 vaccination was not discussed among
providers as frequently. Future directions should include sus-
tainable improvement plans such as pre-programmed EHR-
based alerts and routine discussion at division meetings. We
included the performance of the post-QI period for complete
transparency and to encourage others to study strategies to
maximize adherence in the post-QI period.

Several of our findings may be generalizable to other sub-
specialists taking care of immunocompromised children. In
our center, bridging knowledge gaps with educational pro-
grams and open discussions about consensus guidelines was
an important first step to improving vaccination counseling
rates. An EHR-based reminder can lead to an improvement
in provider compliance. These alerts must be specific and
timely to achieve the desired quality improvement and avoid
“alarm fatigue”.

In conclusion, we were able to increase the total immu-
nization counseling rate from 12% at baseline to more than
80% by the end of a 12-month period, using sequential
interventions. Such interventions can be applied to other
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populations, such as other immunosuppressed children and
those with chronic kidney disease, and may further prevent
severe illness due to preventable infections.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00467-021-05305-3.
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