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1Department of Internal Medicine, UCD Health, Sacramento, CA, USA; 2Los Angeles, USA; 3UCLA Department of Medicine, Division of General
Internal Medicine and Health Services Research, Los Angeles, CA, USA; 4UCLA Health, Los Angeles, CA, USA; 5UCLA Department of Radiology, Los
Angeles, CA, USA.

BACKGROUND: Chronic kidney disease (CKD) is a lead-
ing cause of healthcare morbidity, utilization, and expen-
ditures nationally, and caring for late-stage CKD popula-
tions is complex. Improving health systemefficiency could
mitigate these outcomes and, in the COVID-19 era, re-
duce risks of viral exposure.
OBJECTIVE: As part of a system-wide transformation to
improve healthcare value among populations with high
healthcare utilization and morbidity, UCLA Health evalu-
ated a new patient-centered approach that we hypothe-
sized would reduce inpatient utilization for CKD patients.
DESIGN: For 18 months in 2015–2016 and 12months in
2017, we conducted an interrupted time series regression
analysis to evaluate the intervention’s impact on inpatient
utilization.Weused internal electronic health records and
claims data across six payers.
PARTICIPANTS:A total of 1442 stage 4–5CKDpatients at
a large academic medical center.
INTERVENTION: Between October and December 2016,
the organization implemented a Population Health Value
CKD intervention for the CKD stages 4–5 population. A
multispecialty leadership team risk stratified the popula-
tion and identified improvement opportunities,
redesigned multispecialty care coordination pathways
across settings, and developed greater ambulatory infra-
structure to support care needs.
MAINMEASURES:Outcomes included utilization of hos-
pitalizations, emergency department (ED) visits, inpatient
bed days, and 30-day all-cause readmissions.
KEYRESULTS:During the12months following interven-
tion implementation, the monthly estimated rate of de-
cline for hospitalizations was 5.4% (95% CI: 3.4–7.4%),
which was 3.4 percentage points faster than the 18-
month pre-intervention decline of 2.0% (95% CI: 1.0–
2.2%) per month (p = 0.004). Medicare CKD patients’
monthly ED visit rate of decline was 3.0% (95% CI: 1.2–
4.8%) after intervention, which was 2.6 percentage points

faster than the pre-intervention decline of 0.4% (95% CI:
− 0.8 to 1.6%) per month (p = 0.02).
CONCLUSIONS: By creating care pathways that link pri-
mary and specialty care teams across settings with in-
creased ambulatory infrastructure, healthcare systems
have potential to reduce inpatient healthcare utilization.
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INTRODUCTION

There is a national imperative to provide coordinated, high-
quality healthcare for chronic conditions out of the hospital to
reduce the public’s COVID-19 exposure risk, utilization, and
spending.1–3 Commercial and public payers are increasingly
incentivizing proactive disease management for current and
future high-risk, high-cost patients such as those with chronic
kidney disease (CKD).4–7 For example, in 2019, the Center for
Medicare andMedicaid Innovation proposed payment models
to enhance caring for CKD patients.8, 9

Care for CKD is a leading cause of annual spending nation-
ally ($114 billion). Among patients with CKD stage 4 and
CKD stage 5 (CKD 4–5), healthcare utilization across all
payers is eight times higher than for the general population
with an average annual all-cause spending per patient of
$77,000 (commercial payers) and $46,100 (Medicare).10–15

As kidney disease stage advances, so does the incidence of
concurrent conditions, end organ damage, complex ambulatory
management, specialty care, and hospitalization risk.16–18 Sur-
prisingly, proactive care coordination efforts and planning for
dialysis or transplant have not systematically kept pace with these
documented needs.18, 19 This lack of coordination can lead to
increases of hemodialysis catheter malfunction, hospitalizations
in the first months of dialysis, mortality, and costs.17, 20, 21

In recognition of the complex and accelerating needs of
high-risk, high-cost patients, UCLA Health developed its
Population Health Value (PHV) approach. This program has
guided the healthcare system to apply improvement
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opportunities to its CKD population. This study documents
and evaluates the system-wide intervention with the goal of
reducing hospitalizations.

METHODS

Context

Several empirical analyses at UCLA identified CKD 4–5
patients as a sub-cohort with high morbidity, costs, and po-
tential to benefit from focused interventions. For example,
consistent with the literature,22 our findings among these
patients revealed frequent hospitalizations associated with an
emergent need to initiate dialysis and treat malfunctioning
catheters.13, 23, 24 Additionally, consistent with national find-
ings,25 53% of CKD 4–5 patients had never had a documented
nephrology evaluation, potentially missing proactive care.
Given the importance of CKD stage in predicting these out-
comes, the institution focused its initial PHV-CKD interven-
tions on its attributed (Appendix—Section I) CKD 4–5
patients.
UCLA created a multispecialty leadership team who

used actionable electronic health records and claims data
to risk stratify and identify improvement opportunities for
the entire institution’s population of CKD 4–5. The pri-
mary intervention components included redesigning pro-
active care coordination pathways that bridge primary and
multispecialty care through a system-wide CKD care
team26–33 and developing greater ambulatory infrastruc-
ture to support care needs.34, 35

Study Design

We used a multiple time series design evaluating out-
comes during the pre-intervention (April 1, 2015–Sep-
tember 30, 2016) and post-intervention (January 1,
2017–December 31, 2017) periods, excluding the imple-
mentation period (October 1, 2016–December 31, 2016)
(Fig. 1).

Setting

UCLA Health is associated with the David Geffen School of
Medicine that encompasses four hospitals, 150 ambulatory
clinics, and 1470 clinical faculty. In 2015, the institution
participated in six accountable care (ACO) contracts and
underwent primary care expansion nearly doubling the patient
network.23 To enhance care for patients, UCLA had previous-
ly introduced primary care coordinators to facilitate patients
with post-hospitalization, behavioral health, and preventive
health needs.33, 36 Primary care coordinators, however, recog-
nized that they needed more time to build relationships with
CKD specialty care teams (i.e., nephrology, interventional
radiology) and to keep current with specialty workflows and
resources. These time-consuming activities were not feasible
when any single coordinator’s patient panel included only a

few CKD 4–5 patients. In response to these experiences, the
idea of consolidating advanced CKD patients to a dedicated
CKD care coordinator emerged to facilitate reliable, rapid care
coordination for CKD patients with declining kidney
function.23

Data Sources and Measures

CKD patient stage and clinical characteristics were de-
fined using EPIC© electronic health records (EHR) and
health plan claims data across six payers at the time of
patient study entry. Patient attribution and utilization
outcomes data capturing both local EHR and claims
encounters were collected over the full study period
(Appendix—Section I, metric definitions and validation).
We analyzed four available hospital-based outcomes that
were collected concurrently and were assessed to be
valid and complete. These included hospitalizations,
ED visits, inpatient bed days, and 30-day all-cause
readmissions per 1000 patient-years.
The analysis cohort included twomutually exclusive patient

groups with a diagnosis of CKD 4–5. Original entrants were
attributed as of April 1, 2014; new entrants were attributed
between April 2, 2014, and September 30, 2016, when UCLA
Health primary care was expanded by nearly 22 practices.
New entrants were demographically younger, had fewer con-
current conditions, and had a lower proportion of high-risk
patients (Appendix—Section II, exhibit B). Both the original
entrant and new entrant patients received the intervention
unless they met exclusion criteria, which included receiving
a kidney transplant, exiting prior to exposure to the PHV-CKD
intervention, no longer meeting the rules of the attribution
model or dying prior to September 30, 2016. Exited patients
were excluded from post-intervention analyses following their
exit date.
Development of the PHV-CKD Intervention. Between Au-
gust and September 2016, a 15-member multidisciplinary,
multispecialty PHV-CKD Leadership Team was developed.
Their task was to identify the prevalent needs of the CKD 4–5
population, create trackable metrics, and co-create system-
wide interventions to avoid emergent hospitalizations.37 Care
coordinators had conversations with patients to incorporate
patient input.
To develop an aligned system-wide approach, UCLA

housed the intervention in a centralized Office of Population
Health and Accountable Care, rather than within a single
clinical division. This approach supported a system-level com-
mitment to improve care for all CKD 4–5 patients, regardless
of having a pre-existing relationship with a nephrologist. To
achieve these goals, the Leadership Team defined and devel-
oped three support teams: a system-wide CKD Care Team,
newly structuredCare Coordination Team led by a CKDCare
Coordinator (CKD-CC), and PHVData Teamwho developed
customized measures using claims and EPIC© clinical data
(Fig. 2).38, 39
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Implementing the PHV-CKD Intervention. The three teams
identified markers for clinical decline or need (e.g., dialysis
access malfunction) and developed a CKD patient registry
who could benefit from early intervention.23 These patients
included those with recent or frequent ED visits, hospitaliza-
tions, missed clinic or dialysis visits, recent declines in renal
function or weight changes, or new reports of escalating
problem(s) from the system-wide CKD Care Team members.
The CKD-CC (one full-time equivalent (FTE) staffed by

two coordinators) used standardized care pathways that prior-
itized early identification of clinical decline or need, avoided
duplicate care across siloed specialties, and coordinated pro-
active strategies to direct patients to the most appropriate
venue.38 Care coordinators, aware that patients found fleeting
contacts with members of siloed clinical settings frustrating,
helped patients to engage longitudinally with a dedicated
member of the system-wide CKD Care Team to best address
their problems.

To execute the care pathways, the CKD-CC worked closely
with 40 unlicensed primary care coordinators (PC-CCs) who
had historically focused on addressing healthcare maintenance
and post-discharge follow-up, however, had limited band-
width to coordinate care across multiple siloed specialists for
CKD 4–5 patients.33 By building upon their experience, the
CKD-CC with PC-CCs considered the urgency of patient
needs, the availability of caregiver supports, existing profes-
sional relationships, and staff bandwidth as they linked pa-
tients and services (Fig. 2, staff training details).
Figure 3 highlights four scenarios (A–D) describing preva-

lent patterns of clinical decline or need among CKD 4–5
patients with varying avenues of presentation and engagement
with the health system. The figure displays a coherent model
by which proactive care coordination pathways can identify
patients with clinical decline; assess patient clinical, social,
and care delivery needs; and enhance the likelihood of desired
outcomes.

Figure 1 Timeline and flowchart of study participants with chronic kidney disease (CKD). Legend: CKD (UCLA definition) is applied to
patients with any of the following: an estimated glomerular filtration rate (eGFR) < 60 mL/min/1.73 m2 within two previous years (outpatient
labs) with no eGFR ≥ 60 mL/min/1.73 m2 in the last two months; medical chart documentation of inpatient or outpatient hemodialysis; or CKD
included in an inpatient problem list, inpatient discharge diagnosis, or outpatient encounter diagnosis. Original entrants were attributed as of
April 1, 2014; new entrants were attributed between April 2, 2014, and September 30, 2016, when UCLA Health primary care expanded by
nearly 22 practices who were demographically younger, had fewer concurrent conditions, and had a lower proportion of high-risk patients
(Appendix—Section II, exhibit B). Both the original entrant and new entrant patients received the intervention unless they met exclusion
criteria including receiving a kidney transplant, exiting prior to exposure to the PHV-CKD intervention, no longer meeting the rules of the

attribution model or dying prior to September 30, 2016.
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The CKD-CC operationalized pathways by communicating
with patients and leading care coordination across stakeholders
to implement needed interventions. The CKD-CC reviewed the
CKD registry iteratively to proactively identify clinical decline or
need (Fig. 3, column 1) and then assessed patient needs through
phone meetings with the patient and caregivers. She promptly
consolidated relevant clinical and social service needs across the
system-wideCKDCare Team to align clinical and social resources
and define acute care plans (Fig. 3, column 2). The CKD-CC also
scheduled nephrology and primary care appointments for goals of
care conversations and dialysis initiation (Fig. 3, scenario A,
column 2).
If additional clinical needs emerged, the CKD-CC engaged

nephrologists and primary care clinicians. The CKD-CC and
lead nephrologist were co-located to facilitate this process. If
neither the primary consult nephrologist nor the primary care
clinician could be reached promptly, the lead nephrologist
would develop urgent care plans and determine the timing of
needed follow-up.23

The CKD-CC also guided appropriate patient care to less
costly ambulatory care sites (Fig. 3, column 4) and used
motivational interviewing to promote self-management strat-
egies.40 This approach substantially differed from routine
practice of referring patients with clinical decline or need
directly to the ED (Fig. 3, legend). The CKD-CC also moni-
tored intervention fidelity and longitudinal outcomes to im-
prove performance (Fig. 3, column 4).

Developing Greater Ambulatory Infrastructure to Support
Care Needs. Care coordination pathways guided patients who
could be cared for in ambulatory settings toward primary or
specialty care clinics, dialysis centers, or their homes. A
network of community resources grew to offer patients early
medication management and to address social determinants of

health. New ambulatory care sites and operation hours
emerged so that patients could receive care in the most
appropriate, least costly settings. For example, with
improved access, ambulatory visits could mitigate
hospitalizations when appropriate.34, 35 The institution also
extended hours at an existing outpatient interventional
radiology suite by staggering shifts to address catheter-
related problems with fewer delays.
Based on the focus and structure of this multi-pronged

intervention, we hypothesized that the PHV-CKD interven-
tions, which prioritized ambulatory care coordination, would
reduce hospitalizations and emergency department utilization
among CKD 4–5 patients.

Analysis

We determined frequencies, means, medians, and IQRs of
CKD 4–5 patient demographics overall, stratified by payer
type (i.e., Medicare versus commercial) at the time of
study entry. Comparisons between strata were performed
using t tests for continuous variables, and chi-squared or
Fisher’s exact tests as appropriate for categorical vari-
ables. We used an interrupted time series approach, a
strong longitudinal quasi-experimental design to evaluate
the impact of the PHV-CKD intervention on utilization
outcomes.41, 42 All outcomes were specified as rates per
1000 patient-years to account for the number of patients in
the denominator at each time period. Using negative bi-
nomial marginal models,43 we examined study outcomes
monthly across the study period. Primary model terms
included months since the intervention, study period
(pre- versus post-intervention), and the interaction of these
terms. Regression models controlled for age, gender, race,
ethnicity, number of comorbidities, and pre-intervention

Figure 2 New teams developed to design and implement PHV-CKD intervention. Legend: The health system supported one FTE for the CKD
care coordinator. Two primary care coordinators were trained for this role so that they could maintain coverage of their services. The primary
care coordinators at UCLA completed nearly 40 h of initial training under a case manager and social workers. The curriculum included

modules about problem solving, patient engagement and motivational interviewing, responsibilities and workflows, post-acute care planning,
socio-behavioral risk assessment, physician communication, community resources, and health plan navigation. They also received shadowing
experiences with a veteran care coordinator for two weeks, case-based problem solving biweekly, and continuing education through monthly
2-h meetings with other care coordinators to stay current with new programs, policies, and resources across the health system and within the
community.33 The CKD care coordinator additionally received on-the-job teaching about the nephrology clinic and dialysis center workflows,
resources, and contacts. An RN program director, and nurse care manager and licensed clinical social worker were available by telephone to

answer complex questions and provide consultation.
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high-risk or high-utilizer patient status. We report estimat-
ed monthly rates of change for each outcome in the pre-
intervention and post-intervention periods. We performed
a sensitivity analysis to evaluate the models including the
intervention period in addition to the pre- and post-
intervention periods. Since results remained unchanged,
we present results comparing trends in outcomes during
the pre- and post-intervention periods.
We conducted sensitivity analyses to compare original ver-

sus new entrants to the study cohort to assess for bias in
changes of the patient population over time. We also assessed

effect modification betweenMedicare and other payer groups,
and patients who were CKD stage 4 versus CKD stage 5 at
study entry. We used SAS software, version 9.4, for all
analyses.

RESULTS

We analyzed utilization outcomes during the pre- and post-
intervention periods for this cohort. Figure 1 shows our ana-
lytic cohort of 1442 UCLA patients with CKD 4–5 including
748 (51.9%) patients who entered the cohort by April 1, 2014,

Figure 3 Examples of the application of the PHV-CKD care coordination pathway to four prevalent scenarios (A–D) describing clinical decline
or need for chronic kidney disease patients. Legend: Baseline structural problems prior to pathway implementation: Presentation A describes

patients without a regular pattern of care monitoring or consistent care clinician, but with frequent episodes of clinical decline or need
prompting recurrent ED and hospital stays across external care settings. The system lacked a patient registry for CKD patients to monitor
patients outside of in-person clinic visits, data systems to integrate plans data useful in monitoring patients outside of the local hospital and ED,
and staff to proactively monitor stage 4–5 CKD patients. Presentation B describes patients with a regular clinician but inconsistent follow-
through with visits. From this group, analytics documented the frequent incidence of dialysis patients presenting with shortness of breath after
missing a dialysis appointment. Primary care team including primary care coordinators were spread thin and did not have dedicated time to
expeditiously care for these patients who require significant coordination outside of in-person visits. Presentation C focuses on patients with a
recent primary care evaluation showing acute on chronic kidney injury. Primary care clinics were not linked to the operations of specialty
services required to expeditiously care for patients. Presentation D describes patients who present with urgent or emergent needs from a variety
of other care settings with malfunctioning dialysis catheters. The health system lacked staff to coordinate specialty care and care sites to

evaluate and treat catheters in the ambulatory setting, and primary and multispecialty care team members would often send patients to the ED
for evaluation. The system-wide CKD care team both includes primary care members consisting of primary care coordinators, primary care

clinicians, social workers, and others and includes multispecialty care members consisting of specialists (e.g., nephrologists), emergency
department, urgent care, dialysis centers, and others. CKD-CC, chronic kidney disease care coordinator; PC-CC, primary care coordinator.
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and 694 (48.1%) patients who entered between April 2, 2014,
and September 30, 2016. CKD 4–5 patients represented the
top 8.4% of per member per month expenditures within the
UCLA attributed patient population. Between April 1, 2013,
and September 30, 2016, across 40 practices in Los Angeles,
573,248 patients were attributed to UCLA with 292,170
(51.0%) in managed contracts. Consistent with national prev-
alence data, 43,898 (7.7%) patients had a diagnosis of CKD
(based on estimated glomerular filtration rate (eGFR) <
60 mL/min/1.73 m2), and 1507 (0.5%) had CKD 4–5.44

At the time of study entry, there were 1084 (75.2%) CKD stage
4 and 358 (24.8%) CKD stage 5 patients; 687 (47.6%) were male.
Patients had a median age of 71.9 (IQR 59.7–83.2) and four
concurrent conditions (IQR 0–13) (Table 1). Medicare patients
were older (p< 0.001), were more likely to be non-Hispanic (p=
0.004), and had more concurrent conditions (p<0.001) compared

with non-Medicare patients (Appendix—Section II, exhibit A).
Original entrant patients were older (p<0.001), were white or
black (p<0.001), were high utilizers (p<0.001), and had more
concurrent conditions (p < 0.001) than new entrant patients
(Appendix—Section II, exhibit B).
Table 2 respectively displays results of interrupted time

series regression analyses for four study outcomes: hospitali-
zation, bed days, ED visits, and 30-day all-cause readmission.
The rate of hospitalizations per 1000 patient-years declined at
an estimated monthly rate of 2.0% during the pre-intervention
period (95% CI: − 3.2%, − 0.8%). After intervention imple-
mentation, the estimated rate of decline was 5.4% (95% CI: −
7.4%, − 3.4%), 3.5 percentage points faster than the pre-
intervention decline of 2.0% per month (95% CI: − 5.8%,
1.1%; p = 0.004).
The number of inpatient bed days per 1000 patient-years de-

clined during the pre-intervention period at an estimated rate of
4.8% per month (95% CI: − 7.0%, − 2.5%). After intervention
implementation, the estimated rate of decline was 8.6% per month
(95%CI: − 12.3%, − 4.7%).While not statistically significant, this
was 4.0 percentage points faster than the pre-intervention rate of
decline (95% CI: − 8.5%, 0.7%; p=0.10).
Monthly ED visits during the pre-intervention period de-

clined at an estimated rate of 0.9% per month (95% CI: −
2.0%, − 0.1%). After intervention implementation, the esti-
mated rate of decline for the ED visit rate was 2.7% per month
(95% CI: − 4.3%, − 0.9%). While this was not statistically
significant, it was 1.7 percentage points faster than the pre-
intervention rate of decline (95% CI: − 3.7%, 0.3%; p = 0.09).
There was no difference in 30-day all-cause readmission
trends (95% CI: − 33.5, 11.8%; p = 0.26).
After stratifying the outcomes by payer, we foundMedicare

patients’ average ED visit rate of decline was 3.0% per month
(95% CI: − 4.8%, − 1.2%), which was significantly faster (2.6
percentage points, 95%CI: 0.4%, 4.7%; p = 0.02) than the pre-
intervention decline of 0.4% per month (95% CI: − 1.6%,
0.8%). The rate of decline among non-Medicare patients
across the same pre-intervention and post-intervention periods
was not significant (p = 0.28, not shown). Overall, the inter-
vention effect on monthly ED visits was significantly greater
for Medicare patients compared to those with other types of
insurance (p = 0.03). In contrast, we found no significant
differences in outcome trends after stratifying the cohort by
either original and new entry patients or by CKD stages 4–5 at
baseline (not shown). Our results remained unchanged in
sensitivity analyses in which we included the intervention
implementation period as a further study period.

DISCUSSION

This evaluation is one of the first empirical analyses of a large,
health system–wide population health approach for acute clinical
decline of CKD4–5 patients. UCLA implemented the PHV-CKD
approach to provide timely services while reducing healthcare

Table 1 CKD 4–5 Patients in UCLA Primary Care Population (n =
1442). Patients with CKD Stages 4 and 5 Represented the Top 8.4%

of per Member per Month Expenditures Within the UCLA
Attributed Patient Population

Characteristics Total high-
expense CKD

Median age in years (IQR) 71.9 (59.7–83.2)
Male gender, N (%) 687 (47.6%)
Hispanic ethnicity, N (%) 248 (17.2%)
Race, N (%)
Non-Hispanic white or Caucasian 650 (45.1%)
Black or African American 126 (8.7%)
Asian 179 (12.4%)
Native Hawaiian/ Pacific Islander 7 (0.5%)
Other 232 (16.1%)

CKD stage (study entry), N (%)
Stage 4 1084 (75.2%)
Stage 5 358 (24.8%)

Median number of concurrent conditions—CMS
definitionα (IQR)

4 (0–13)

Diabetes,β N (%) 398 (27.6%)
Hypertension,€ N (%) 723 (50.1%)
High-utilizer patient defined by UCLA health
system,Ψ N (%)

235 (16.3%)

High-risk patient defined by UCLA health
system,∞ N (%)

1033 (71.6%)

αCMS includes the following concurrent conditions in defining
comorbidities used to calculate the number of concurrent conditions:
acquired hypothyroidism, acute myocardial infarction, Alzheimer’s
disease, Alzheimer’s disease/related disorders/or senile dementia,
anemia, asthma, atrial fibrillation, benign prostatic hyperplasia,
colorectal cancer, endometrial cancer, breast cancer, prostate cancer,
cataract, chronic kidney disease, chronic obstructive pulmonary disease,
depression, diabetes, glaucoma, heart failure, hip/pelvic fracture,
hyperlipidemia, hypertension, ischemic heart disease, osteoporosis,
rheumatoid arthritis/osteoarthritis, stroke/transient ischemic attack
βPatients are defined as having diabetes if they have orders for diabetes
medications in the past 5 years, one or more inpatient visits or two or
more outpatient visits w/ diabetes diagnoses in the past 5 years
€Patients are defined as having hypertension if in the last 24 months,
they have a hypertension diagnosis (i.e., members 18–59 years of age
without a diagnosis of diabetes whose BP was > 140/90 mmHg and
members 60–85 years of age without a diagnosis of diabetes whose BP
was > 150/90 mmHg) on either 2 outpatient visits or 1 observation visit
ΨUCLA defines high utilizer as those who meet any of the following
criteria: (1) 4 or more ED visits in the last 12 months; (2) 2 or more
emergent, non-maternity inpatient admissions in the last 12 months
∞UCLA defined high-risk patients as those who meet any of the
following criteria: (1) most recent Hba1c > 9%; (2) most recent eGFR
< 45 mL/min/1.73 m2; (3) advanced cancer patient; (4) cirrhosis patient
with MELD > 16; (5) high opioid equivalent use
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utilization. The analysis, based on an interrupted time series design,
demonstrated that hospitalization rates reduced more rapidly after
implementation across the study population. Monthly ED visits,
but not monthly bed days or readmissions,45, 46 also reduced at a
significantly faster rate amongMedicare-insured patients known to
have high medical complexity (Table 1). We anticipated that the
reduction in hospitalizations and ED visits would occur first, while
we believed further inpatient-based interventions may ultimately
associate with reduced length of stay and hospital readmissions.
The latter outcomes would require improving clinical discharge
planning (e.g., needing physical therapy evaluation or newmedical
equipment), inpatient care management, and social work services,
which we did not specifically measure as part of our evaluation.
Previous population health approaches in primary and special-

ty care have demonstrated only modest, if any, reductions in
inpatient utilization and expenses for patient populations requir-
ing multispecialty care.27, 47–55 Limitations of previous programs
include (1) leadership residing within siloed specialties that limit
system-wide implementation, (2) patients not completing special-
ty clinic visits,18, 26, 27, 56 (3) local data constraints that limit
responsiveness to patient needs,21, 50, 55–60 (4) unclear identifica-
tion of patients most likely to benefit from interventions,61 (5)
nebulous primary and specialty care clinical alignment,18, 26, 53,
62–65 and (6) narrowly resourced ambulatory care services.66

The PHV-CKD intervention accounted for various ways that
patients present with clinical decline or need to rapidly link them
to required care. System-wide strategies included creating a
robust care coordinator network across primary and specialty
care enabled by EHR tools and increased ambulatory access.
There has been one similar randomized trial among CKD 4–5
patients focused in a more controlled setting of three specialty
clinics and found pronounced reductions in hospitalizations and
ED visits.25 As other health systems embarking in similar efforts,
they can gain different insights from this system-wide model
across a broad primary care population with CKD 4–5.

A multi-source data infrastructure facilitated care coordina-
tors in identifying patients who met criteria for clinical decline
or need and allocating resources to meet patients’ needs (e.g.,
extending service hours). In contrast to previously cited cost-
neutral programs,7, 61, 67 the UCLA PHV-CKD intervention
used empirical analyses to identify a catchment of patients
who may most benefit to optimize efficiency.
The intervention aligned clinicians into a system-wide effort

using care coordination pathways rather than placing care coor-
dinators within multiple siloed specialties that function indepen-
dently.18, 26 Without a coordinated, team-based multispecialty
approach, care teams risk delivering inconsistent, duplicative, and
expensive care.27–31, 68 While previous care management pro-
grams have relied on PC-CCs,33, 69, 70 leaders found that patients
benefited from care coordination that could also span specialty
and community practices. The PHV intervention, therefore,
allowed system-wide care coordinators to proactively identify
patients with clinical decline or need to prevent hospitalizations.
This approach differs from prior studies of CKD care coordina-
tion that have focused on other quality of care outcomes more
than hospitalization reduction.26

Study limitations include a changing patient population over
time, secular trends, measuring other outcomes of value, and
generalizability. UCLA underwent an expansion over the prior
5 years and acquired additional primary care practices.23 In
response, we added analyses comparing original versus new
entry patients which found no significant differences in out-
comes. There is potential that other ACO efforts such as primary
care–based care coordination and behavioral health integration
could have influencedmeasured outcomes. However, for the first
time, with this new intervention, the health system focused on
improving outcomes and efficiency system-wide for CKD 4–5
patients. While this is a single-site study which limits generaliz-
ability, the model rests on universal concepts including develop-
ment of population approaches to meet patient needs. We focused

Table 2 Monthly Percent Change in Utilization Outcomes Based on Interrupted Time Series Design (n = 1442)

Pre-intervention period (4/1/
15–9/30/16)

Post-intervention period (1/1/17–
12/31/17)

Difference (post-pre-intervention
periods)

Utilization outcomes per 1000
patient-yearsα

Percent change per month
(95% CI)

Percent change per month (95%
CI)

Difference (95% CI) p valueβ

Hospitalizations − 2.0% (− 3.2%, − 0.8%) − 5.4% (− 7.4%, − 3.4%) − 3.5% (− 5.8%, −
1.1%)

0.004***

All inpatient bed days − 4.8% (− 7.0%, − 2.5%) − 8.6% (− 12.3%, − 4.7%) − 4.0% (− 8.5%,
0.7%)

0.10+

ED visits − 0.9% (− 2.0%, 0.1%) − 2.7% (− 4.3%, − 0.9%) − 1.7% (− 3.7%,
0.3%)

0.09+

30-day all-cause readmission 4.2% (− 8.3, 18.4%) − 10.2% (− 28.3%, 12.6%) − 13.8% (− 33.5%,
11.8%)

0.26

We analyzed the utilization data from the standpoint of an interrupted time series design, using a segmented regression modeling strategy. The model
was used to estimate separate log-linear time trends in the period before, and the period after, intervention rollout. This was implemented by including
in the negative binomial marginal model terms for period (pre- versus post-intervention), time (modeled log-linearly in calendar months), and their
interaction. Model contrasts were used to estimate the monthly rate of change in incidence rates before and after the intervention, and the interaction
term was used to test for a change in trends. In each of the regression analyses, the unit of analysis was patient-month, and the response variable was
the count of the relevant utilization events. Analyses were clustered at the patient level to correct inferences for the presence of repeated measures
βAll utilization outcomes are adjusted for patient age, gender, race, ethnicity, high risk status, high utilizer status, and comorbid condition count
βp values indicate the significance of the difference in utilization between the pre- and the post-intervention periods as +p < 0.10; **p < 0.05;
***p< 0.01. CI, confidence interval
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on four clinically relevant, valid outcomes though we recognize
potentially relevant outcomes that wewere unable tomeasure. Our
analyses do not include direct cost data or reimbursement data
because these data were inaccessible and incomplete. Patient
satisfaction data is not included because it was anonymously
collected and could not be feasibly linked to study data. We do
not specifically report unnecessary inpatient utilization and ED
visits as there is currently no validated measure of unnecessary
inpatient utilization. Finally, the analysis lacked a comparison
control group, as the intervention was implemented system-wide
and logistics limited using time-shifted comparison evaluation.
Next steps include expanding secondary prevention to

CKD stage 1–3 patients. We also plan to adapt this model to
other high-risk sub-populations and medical centers.

CONCLUSION

By creating primary-specialty care pathways with increased
ambulatory infrastructure, healthcare systems can enhance
care coordination to address patient needs while reducing
hospitalizations. These findings also suggest opportunities
for policies to incentivize redesigning care for stage 4–5
CKD populations.8, 9
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