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Abstract

Background: Primary immunodeficiencies (Pls) are a set of heterogeneous chronic disorders characterized by immune
dysfunction. They are diagnostically chalenging because of their clinical heterogeneity, knowledge gaps among primary care
physicians, and continuing shortages of clinically trained immunologists. Asaresult, patientswith undiagnosed Plsare at increased
risk for recurrent infections, cancers, and autoimmune di seases.

Objective: Theaim of thisresearch isto develop and implement a clinical decision support (CDS) tool for the identification of
underlying PIs.

Methods: We will develop and implement a CDS tool for the identification of underlying PIs among patients who receive
primary care through a health care provider at the University of lowa Hospitals and Clinics. The CDS tool will function through
an algorithm that is based on the Immune Deficiency Foundation’s 10 Warning Signs for Primary Immunodeficiency. Over the
course of a year, we will use Lean Six Sigma principles and the Define, Measure, Analyze, Improve, and Control (DMAIC)
framework to guide the project. The primary measureisthe number of newly diagnosed PI patients per month. Secondary measures
include the following: (1) the number of new patients identified by the CDS as being at high risk for PI, (2) the number of new
Pl cases in which immunoglobulin replacement or rotating antibiotics are started, (3) the cost of evaluation of each patient
identified by the CDStool as being at high risk for Pls, (4) the number of new consults not diagnosed with aPl, and (5) patient
satisfaction with the process of referral to the Immunology Clinic.

Results: This study was determined to not be Human Subjects Research by the Institutional Review Board at the University of
lowa. Data collection will beginin August 2021.

Conclusions: Thedevelopment and implementation of aCDStool isapromising approach to identifying patientswith underlying
PI. This protocol assesses whether such an approach will be able to achieve its objective of reducing diagnostic delays. The
disciplined approach, using Lean Six Sigma and the DMAIC framework, will guide implementation to maximize opportunities
for a successful intervention that meets the study’s goals and objectives aswell asto allow for replication and adaptation of these
methods at other sites.
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Introduction

Primary immunodeficiencies (PIs) arediagnostically challenging
chronic disorders involving the immune system that lead to
recurrent infections, increased risk for cancer, and autoimmune
disease [1]. PIs may present at any age and manifest due to
genetic predilection and environmental exposures|[2].

Diagnoses of Plsare frequently delayed because of thisclinical
heterogeneity, knowledge gaps among primary care physicians,
and continuing shortages of clinically trained immunologists
[3-5]. Thesedelaysin obtaining carelead to increased mortality
and morbidity aswell as decreased quality of life [6-9].

Pl diagnostic delays also cost a calculated $85,882 per patient
[10] and contribute $40 billion in costs to the US health care
system. It has been estimated that early diagnosis can save $6500
per patient [11]. Earlier identification of Pl is critical for the
following reasons:

1. To permit more appropriate management of the underlying
condition.  Immune  globulin  replacement  and
immunomaodul ators have demonstrated efficacy in reducing
the frequency and severity of infections [12,13].

2. To enable more appropriate preventative health measures.
Guidelinesfrom the Advisory Committee on Immunization
Practices (ACIP) and Infectious Disease Society of America
(IDSA) state that immunocompromised patients, including
those with PIs, have different requirementsfor vaccinations
[14,15]. Identification of Pls enables more timely
vaccinations and prevention of illness. Conversely, certain
live vaccinations are contraindicated in certain types of Pls
and should be avoided to prevent adverse events [16].
Finally, those with Pl are at 1.4 to 1.6-fold increased risk
for malignancy, with some estimates of prevalence of
malignancy as high as 25% [17,18]. Therefore, adiagnosis
of a Pl significantly impacts screening guidelines for
malignancy.

3. To prevent downstream diagnostic errors. Patients with a
Pl are more likely to present with atypical manifestations
of infections that are less likely to be identified early on.
Local infections are a'so more likely to become systemic,
leading to increased morbidity and mortality [19].
Recognition of Pls enables providers to consider these
diagnoses earlier and prevent further diagnostic delays.
Studies also demonstrate that early diagnosis prevents
further readmissions and improves Accountable Care
Organization (ACO) scores [20].

4. Touncover diagnoses of family members. Plsareinherited
conditions[21]. Identification of aproband in afamily with
immune deficiency enables family members who have
compatible signs and symptoms to share information with
one another.

5. To empower patients about chronic illness. A diagnosis of
Pl isempowering to patients and enables them to reach out
to support systems. Studies have demonstrated that early
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detection and diagnosis improves patient satisfaction and
quality of life[22].

6. To address health disparities. Pls are more likely to affect
patientsin particul ar ethnic populations, including those of
Middle Eastern descent [23]. Experts also voice concern
that diagnostic delays disproportionately affect Black,
Indigenous, and other people of color (BIPOC) and those
with already reduced access to hedlth care [24,25].
Additionally, PIsaffect women in specific waysthat amplify
the downstream effects of diagnostic delays, including
gynecologic and obstetric complications [26].

Methods

Objectives and Specific Aims

The objective of thisstudy isto develop andimplement aclinical
decision support (CDS) tool for identifying patients with an
underlying PI. The Jeffrey Modell Foundation has published a
set of 10 warning signsfor Plsfor both adultsand children [27].
Wewill adapt these warning signsto aCDStool to help stratify
the risk of a patient having an underlying PI. This CDS tool
will enable primary care providerswithin the University of lowa
torefer patientsto the University of lowa'sImmunology Clinic,
and guide laboratory investigations prior to referral to ensure
readiness prior to the visit.

Toward that end, there are two specific ams:

1. ldentify the total number of patients who present to the
University of lowa Genera Internal Medicine, Pediatrics,
or Family Medicine clinicswith two or morewarning signs
of a Pl over a 12-month period.

2. Refer at least 10% of these identified patients to a
University of lowa clinical immunologist for evaluation
within 12 months of their initial presentation.

Rationale for the Intervention

CDStoolsfor Pls have not yet been developed and assessed in
peer-reviewed literature. Thisintervention would represent the
first attempt to address this critical need. However, we build
upon several lines of evidence that bolster the rationale that a
CDStool is needed to identify Pl patients:

1 A 2019 study of alarge pediatric cohort of 185,892 patients
revealed 2188 patients (1.26%) at medium to high risk for
Pls[28]. The authors concluded that early identification of
Plsin the 98 patients who were at highest risk within this
cohort would represent an annual cost savings of up to $7.7
million.

2. CDStoolsfor identifying secondary immunodeficiencies,
including HIV, have been developed. Although these
methods are different and guidelines for implementation
vary considerably, they add to the evidence of the feasibility
of immunodeficiency screening of large populations [29].

3. Several CDS tools have been developed for tracking
antibiotic usage, including at the University of lowa [30].
The purposes of these CDS tools vary, but collection of
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data about the frequency of use and type of antibiotic is
vital in this proposal, further supporting the feasibility of
our approach.

Settings and Target Population

University of lowaHospitalsand Clinics (UIHC) representsthe
only comprehensive academic medical center within the state
of lowa. Between July 1, 2019, and June 30, 2020, there were
1,039,681 clinic visits, 32,872 inpatient admissions, and 50,468
emergency department visits. In the UIHC system, there are
77,779 patients that have a primary care provider in Family
Medicine, General Internal Medicine, and Genera Pediatrics.

Patients with suspected immunodeficiencies are evaluated at
the Allergy and Immunology Clinic located at the University
of lowa'sclinicsinlowa City. If patients are determined to have
an immunodeficiency, then they return to the Allergy and
Immunology Clinic to obtain specialized care. Per year, there
are 1863 half-day clinics staffed by 12 physicians serving 8963
patients. There are approximately 1684 patientswith adiagnosis
of aPl whose management is overseen by physicians and other
practitionersin the Immunology Clinic. The average wait time
to anew appointment is 5.46 weeks for adults and 13.16 weeks
for pediatric patients.

Inclusion and Exclusion Criteria

Inclusion criteria include patients who receive their care from
one of the General Internal Medicine, Pediatrics, or Family
Medicine clinics through the UIHC system. Exclusion criteria
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include patients with an established secondary or acquired
immunodeficiency, and patientswith an established Pl diagnosis.

Quality I mprovement Framewor k

Wewill use Lean Six Sigmaprinciplesand the Define, Measure,
Anayze, Improve, and Control (DMAIC) framework to
implement thisintervention. The Lean Six Sigmaapproach has
been previously described in health servicesresearch literature
as a methodology to improve hedlth care delivery [31]. It
combines two distinct process improvement methodologies:
Lean and Six Sigma. The Toyota Motor Corporation initialy
developed Lean to improve manufacturing quality through the
elimination of waste and creation of value for customers [32].
Lean complements Six Sigma, a data-driven management
approach aimed at the elimination of defects and reduction of
unwarranted variability [33].

Define Phase

In line with the DMAIC framework (Figure 1), we have begun
defining the scope of the project. We have developed a project
charter to articul ate the problem at hand, our project goals, and
customer requirements. The project charter also delineates the
time frame for completion of tasks (Figure 2).

Additionally, to understand the needs of the customers, we are
using Voice of the Customer to clarify experiences, expectations,
and needs. We are currently conducting semistructured
interviews with 20 patients with Pls to understand their
experiences. EK, a core member of the team, is a patient with
Pl and is helping to formulate questions and analyze data.
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Figure 1. The Define, Measure, Analyze, Improve, and Control (DMAIC) framework. CDS: clinical decision support; PI: primary immunodeficiency.

Element of each step

Actions Performed by Core Investigators

Define

7/1/2021 -
7/1/2021

Problem statement

Project Charter was drafted, including a problem statement
that articulated the background, specific needs, and aims of
the project

Goal statement

Project scope
|dentification of project sponsor
Identification of process owner

Primary impact measure

Secondary impact measures

Articulated in the Charter: “Develop and implement a Clinical
Decision Support Tool to identify the total number of
patients wha present to the University of lowa General
Internal Medicinge, Pediatrics, or Family Medicine clinics with
twa or mare warning signs of a primary immunodeficiency
(P1) over a 12-month period.”

Articulated in the Charter: “This Lean Six Sigma project will take
place 360 days from start to validated solutions”

The Associate Director of Biomedical Informatics Operations
was identified and designed as the project sponsor

The Primary Investigator was identified and designated as the
Process owner

Articulated in the Charter: “The number of newly diagnosed
Pl patients per month”

1) MNumber of new patients identified by the CDS tool at
high risk for Pl

2)  MNumber of new Pl cases in which intravenous
Immunoglobulin or rotating antibictics are started

3) Cost of evaluation of each patient identified by CDS
tool at high risk for Pls

4] Number of new consults not diagnosed with a Pl

5) Patient satisfaction with the process of referral to
Immunalegy Clinic

Measure

8/1/2021-
10/01/2021

Baseline operations

Impact data

Chart review determined rate of newly diagnosed Pl patients
per month
Project charter updated regularly based on performance

Analyze
9/1/2021 -
2/1/2022

Run and control charts

The number of patients will be charted over time to determine
stability of the process

Time analysis

Determination of opportunities for earlier interventions for
diagnosis

Value-added analysis

Vioice of the customer

Calculation of costs of diagnosis and identification of causes of
inefficiency in diagnosis

Semi-structured interviews with Pl patients and care providers
to better understand their perspectives and opportunities for
further refinement so that the CDS

improve
10/01/2021-
1/1/2022

Plan-Do-Study-Act cycles

Pilot results

At least three Plan-Do-Study-Act cycles will be performed

Gaps between predicted and actuzal performance will be
analyzed

Failure Modes & Effect Analysis

Proactive determination of how the newly established process
for identifying Pl may create inefficiencies

Control
2/1/2022-
7/1/2022

Development of a control plan

|mpact summary

Recognition of work accomplished

A control plan will be drafted to summarize the process and
take steps to ensure that the level of improvement is
maintained and sustained

A one-page impact summary will be drafted with simplified
language and diagrams for dissemination within the
institution

Results of quality improvement project will be disseminated
locally at institutional grand rounds and nationally at annual
conferences

Celebration of short-term wins
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Figure 2. Gantt chart outlining major phases of the study protocol.

Phase Start Finish

1 | Define Phase 7/1/2021 7/30/2021

2 | Measure Phase 8/2/2021 10/1/2021

3 | Analyze Phase 9/1/2021 2/1/2022

4 mprove Phase 10/1/2021 3/1/2022

5 | Control Phase 2/1/2022 7/1/2022

M easur e Phase

During the Measure phase, we anticipate collection of data
regarding our primary and secondary outcomes. The primary
measure, as articulated in the project charter, is the number of
newly diagnosed PI patients per month. We will measure the
rate over the past 24 months to obtain a baseline, and then
monitor it throughout the course of the protocol.

We will also measure the following five secondary measures:

1. Number of new patientsidentified by the CDStool asbeing
at high risk for PI.

2. Number of new Pl cases in which immunoglobulin
replacement or rotating antibiotics are started.

3. Cost of evaluation of each patient identified by CDS tool
asbeing at high risk for Pls.

4. Number of new consults not diagnosed with aPl.

5. Patient satisfaction with the process of referral to the
Immunology Clinic.

Administrative data will be used for the primary measure and
secondary measures 1-4. For secondary measure 5, we will
conduct semistructured interviews and surveys to obtain the
Voice of the Customer.

Analyze Phase

Throughout the analyze phase, we will use the data being
obtained as part of the Measure phase to assess the efficacy of
the intervention and to guide modifications as necessary.

For quantitative data, we will construct both run and control
charts. The specific type of chart will be dependent on the
number of evaluated patients and specific outcome measures.
For example, if the CDS tool is unable to find many patients
with Pl, then a T-chart may be more appropriate than an X-bar
chart.

For quditative data, we will continue to use Voice of the
Customer. Once the CDStool isimplemented, we will conduct
semistructured interviews with primary care providersto better
understand their perspectives and opportunities for further
refinement so that the CDS tool is more user-friendly.

For individual cases of newly diagnosed PI, we will perform
more detailed analysisto recognize causes of diagnostic delays.
We will use value-added analysis to calculate the costs of
diagnosis and identify causes of inefficiency in diagnosis.
Additionaly, we will use time analysisto chronologically map
out opportunities for earlier diagnosis. Both of these analyses
will then be used to further refine the CDS tool.
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Duration

22d
45d
110d
108d

109d

Improve Phase

During the Improve phase, we will employ sequentia
Plan-Do-Study-Act (PDSA) cycles to refine the CDS tool to
different settings, starting with Internal Medicine, then
Pediatrics, and finally Family Medicine. The investigators will
continue to use Voice of the Customer asakey Lean Six Sigma
tool to guide these PDSA cycles.

Additionally, as we begin to finalize the CDS tool, we will use
failure mode and effect analysis to proactively determine how
the newly established process for identifying Pls may create
inefficiencies and result in failuresin diagnosis.

Control Phase

Toward the end of the quality improvement project, we will
develop amonitoring and proactive response plan to sustain the
improvement plan. Using those measures, we will establish a
trigger level to ensure that new cases of suspected Pls are
screened through the CDS tool. Additionally, with advancesin
thediagnosisof PIs, such as genetic testing, we will incorporate
newer modes of evaluation into the CDS tool.

Finaly, we intend on publishing our findings and presenting
them at national meetings. Thorough documentation of the
process, including this protocol, will be essentia for transfer of
knowledge to other settings and implementation in different
settings.

Ethics Approval and Consent to Participate

This study protocol was submitted to the University of lowa
Ingtitutional Review Board and determined not to be Human
Subjects Research.

Results

Asof July 31, 2021, this protocol has been funded by the Society
to Improve Diagnosisin Medicine asaDxQI Grant. It has been
determined to not be Human Subjects Research by the
University of lowa Ingtitutional Research Board on July 13,
2021. Data collection will begin on August 15, 2021, and end
on July 31, 2022. We intend on publishing results in winter
2022.

Discussion

While there have been tremendous advances in the modalities
used to diagnose Pls, evidence of real-world interventions to
better identify Pl are largely lacking. To fill that evidence gap,
this study protocol outlines a quality improvement initiative to
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help reduce delaysin diagnosing PIs. To bolster the likelihood
of success, we have designed our initiative in line with the
principles of Lean Six Sigma and have structured it via the
DMAIC framework.

We anticipate a series of challenges and have a comprehensive
strategy to addressthese challenges asthey arise. First, we have
ascreening algorithm (Multimedia Appendix 1) that hasmultiple
redundancies for optionality if one method of obtaining data
cannot be completed properly.

Second, we have a plan to accommodate increased volumes of
patients who would need evaluation. Currently, there are 1863
half-day immunology clinicsamong 12 faculty members serving

Kumar et al

8963 unique patients. The average wait time to a new
appointment is 5.46 weeks for adults and 13.16 weeks for
pediatric patients. The division has plans to expand with the
hiring of 1-2 new faculty members over the coming academic
year. Additionally, as allergy/immunology faculty are certified
to see both adult and pediatric patients, flexibility can be
arranged to accommodate incoming eval uations.

Third, the CDS tool will be implemented in a stepwise pattern
through the clinics to assess its ability to achieve our stated
specific aims. Therefore, we have the capacity to revisethetool
accordingly as we recognize the specificity and sensitivity of
elements within the algorithm in detecting cases of PI.
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