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Rationale & Objective: Innovative models are
needed to address significant gaps in kidney care
follow-up for acute kidney injury (AKI) survivors.

Study Design: This quasi-experimental pilot study
reports the feasibility of the AKI in Care
Transitions (ACT) program, a multidisciplinary
approach to AKI survivor care based in the
primary care setting.

Setting & Participants: The study included con-
senting adults with stage 3 AKI discharged home
without dialysis.

Interventions: The ACT intervention included
predischarge education from nurses and coordi-
nated postdischarge follow-up with a primary care
provider and pharmacist within 14 days. ACT was
implemented in phases (Usual Care, Education,
ACT).

Outcomes: The primary outcome was feasibility.
Secondary outcomes included process and clinical
outcomes.

Results: In total, 46 of 110 eligible adults were
enrolled. Education occurred in 18/18 and 14/15
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participants in the Education and ACT groups,
respectively. 30-day urine protein evaluation
occurred in 15%, 28%, and 87% of the Usual
Care, Education, and ACT groups, respectively
(P < 0.001). Cumulative incidence of provider
(primary care or nephrologist) and laboratory
follow-up at 14 and 30 days was different across
groups (14 days: Usual care 0%, Education 11%,
ACT 73% [P < 0.01]; 30 days: 0%, 22%, and 73%
[P < 0.01]). 30-day readmission rates were 23%,
44%, and 13% in the Usual Care, Education, and
ACTgroups, respectively (P = 0.13).

Limitations: Patients were not randomly assigned
to treatment groups. The sample size limited the
ability to detect some differences or perform
multivariable analysis.

Conclusions: This study demonstrated the feasi-
bility of multidisciplinary AKI survivor follow-up
beginning in primary care. We observed a higher
cumulative incidence of laboratory and provider
follow-up in ACT participants.

Trial Registration: ClinicalTrials.gov
(NCT04505891).
Acute kidney injury (AKI) affects at least 1 in 5 hospi-
talized patients and puts survivors at increased risk for

poor short- and long-term health outcomes, including
hospital readmissions, cardiovascular events, chronic kid-
ney disease (CKD), reduced quality of life, and death.1-7

Despite these heightened risks, at least 21% of patients
are unaware of their AKI diagnosis and kidney-focused
follow-up is infrequent.8,9 Appropriate laboratory moni-
toring with serum creatinine (SCr) or urine protein occurs
in just 54% and 14% of patients, respectively, within 6
months of discharge.9,10 Even survivors at the highest risk
for poor outcomes, such as those with AKI requiring
dialysis, pre-existing CKD, or persistent AKI, are seen by an
outpatient nephrologist in only 36-43% of cases.11,12

Increasing attention to post-AKI follow-up through
alternative care delivery models may help mitigate these
gaps. Nephrologist follow-up is the focal point of most
models. Patients involved in AKI survivor clinics directed by
nephrologists demonstrate improved kidney health
knowledge and adherence to best practices, such as kidney
laboratory assessments.8,13 Preliminary data also showed
improvements in clinical outcomes, such as blood pressure
control and reduced rehospitalization, though confirmatory
research is needed.14 This care model has promise, but
concerns have been raised about feasibility and scalability.
Patients report reluctance to add more doctors to their
health care team and cite concerns about travel distance and
issues with scheduling follow-up visits.13 Few nephrolo-
gists are available in community and rural settings, which
decreases access to AKI survivor care.15 Accordingly, ne-
phrologists have called for multidisciplinary care models to
enhance capacity for post-AKI care delivery.16

Primary care providers (PCPs) and allied health pro-
fessionals are well positioned to support the AKI survivor
care effort alongside expert consultation from neph-
rologists.15,17–19 We therefore developed the AKI in Care
Transitions (ACT) program, a multidisciplinary, team-
based approach to AKI survivor care based in the pri-
mary care setting. This study reports the preliminary
feasibility and effectiveness of the ACT program.
METHODS

Setting and Participants

This prospective pilot study was conducted between April
2020 and November 2021 at Mayo Clinic in Rochester,
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PLAIN-LANGUAGE SUMMARY
Abrupt loss of kidney function in hospitalized patients,
acute kidney injury (AKI), increases the chances of
long-term kidney disease and a worse health care
experience for patients. One out of 3 people who
experience AKI do not get the follow-up kidney care
they need. We performed a pilot study to test whether a
program that facilitates structured AKI follow-up in
primary care called the AKI in Care Transitions (ACT)
program was possible. ACT brings together the unique
expertise of nurses, doctors, and pharmacists to look at
the patient’s kidney health plan from all angles. The
study found that the ACT program was possible and led
to more complete kidney care follow-up after discharge
than the normal approach to care.
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Minnesota, a tertiary care center with a primary care practice
for local area residents. The Mayo Clinic primary care pro-
gram includes approximately 150,000 empaneled patients
cared for at 7 full-service clinical sites and 2 express care sites
in the local counties. Included individuals were adults (≥ 18
years) with Kidney Disease Improving Global Outcomes
(KDIGO) stage 3 AKI at any time during their hospitalization
who were not discharged on dialysis or with hospice care
and who received primary care in a Mayo Clinic Rochester-
based clinic.20 Recruitment was limited to patients with
stage3AKI for feasibility in thepilot stage (Table S1). Excluded
patients were non-English speakers, persons cognitively or
physically unable to participate (eg, clinician-documented
dementia in the electronic health record [EHR]), and per-
sons who did not provide informed consent. Eligibility was
determined using an EHR screening alert and EHR review by a
study team member. This study was approved by the Institu-
tional Review Board at Mayo Clinic (IRB 20-004204) and
registered on ClinicalTrials.gov (NCT04505891).

No formal dedicated AKI survivor clinic exists at Mayo
Clinic. There are 5 inpatient nephrology consult services
electively available at Mayo Clinic in Rochester, with a
typical cumulative daily census of 60-90 patients.
Nephrology consult teams include nurse educators whose
primary role is to deliver education to hospitalized patients
being discharged on dialysis. The primary care practice at
Mayo Clinic in Rochester employs a team-based care
model that includes physicians, advanced practice pro-
viders, nurses, and embedded clinical pharmacists who
consult with patients independently or in collaboration
with the PCP. There were no significant changes to the
standard of transitional post-AKI care within Mayo Clinic
or by external consensus during the study period.

In 2020, the previously described ACT program was
implemented to provide support for AKI survivors tran-
sitioning between the inpatient and outpatient settings and
facilitate timely kidney care follow-up after discharge.21

Briefly, AKI survivors identified by the EHR screening
2

alert, an embedded alert that used serum creatinine and
urine output data to identify AKI, received inpatient edu-
cation from nephrology nurse educators approximately 1-
3 days before discharge.21 A detailed description of pro-
vided education, including artifacts, has been previously
published.21 Next, the study team coordinated transitional
care, including posthospital visits with a PCP and phar-
macist within 14 days after discharge. Nephrology referral
was at the discretion of the inpatient nephrologists, if
consulted, or the patient’s PCP.

Study Groups

ACT was deployed in 3 phases, which created a natural
3-phase quasi-experimental design, with informed con-
sent obtained for participants in each phase. The first
phase (April 2020 to October 2020; ‘Usual Care’ group)
included AKI survivors identified by the EHR screening
tool who would be candidates for ACT. Patients were
passively followed during this phase, and the inpatient
care team coordinated any AKI-related education and
outpatient follow-up as part of their standard practice.
Throughout all phases, any visit could be in-person or
virtual, according to patient preference. During the
second phase of implementation (October 2020 to April
2021), patients identified by the EHR screening tool
were visited by a trained nephrology nurse educator
who delivered targeted AKI education using videos,
pamphlets, and teach-back strategies before hospital
dismissal (the Education Alone group). Frequency and
intensity of education were individualized at the
discretion of the nephrology nurse educator, but stan-
dard components were delivered to all participants. The
third and final phase (April 2021 to November 2021)
included patients who received the full ACT intervention
(the ACT group). In this phase, participants received the
previously described nephrology nurse educator AKI
education and the study team coordinated outpatient
kidney follow-up within 14 days of discharge (Fig 1).
Follow-up included discharge orders for laboratory
testing (ie, extended metabolic panel including SCr and
urinalysis with microscopy or an alternative urine pro-
tein test as available) and posthospital follow-up visits
with a PCP and a pharmacist, which ideally occurred
back-to-back or on the same day. Pharmacists evaluated
postdischarge urine protein results and used an estab-
lished protocol to order a repeat assessment within 3
months if evidence of proteinuria. They also performed
a detailed medication review and reconciliation and
discussed recommendations with the provider in-person,
if possible, or via secure message. Recommendations
were at the pharmacists’ discretion and were not stan-
dardized or limited to kidney-related medications.
Pharmacist recommendations in this workflow are
frequently related to therapy optimization (eg, drug
choice, dose change), monitoring (eg, drug levels),
management of drug interactions, and optimization of
Kidney Med Vol 5 | Iss 12 | December 2023 | 100734
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Figure 1. ACT program implementation phases. During the first phase (‘Usual Care’), participants were identified by the electronic
screening tool and passively followed, while the inpatient care team coordinated any education and outpatient follow-up as part of
standard practice. In the second phase (‘Education Alone’), standardized kidney health education was delivered to patients and care-
givers before hospital dismissal. The third phase (‘ACT’) included standardized education and care coordination of kidney function
laboratory tests and provider assessment with 14 days of discharge. During all phases, nephrology follow-up was coordinated at the
discretion of the inpatient care team, consulting nephrologists, or primary care provider.
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patient centeredness (eg, decreased medication burden
to improve adherence). The PCP reviewed the post-
hospital laboratory data, if available, and was encour-
aged to use the KAMPS (kidney function assessment,
awareness and education, medication review, blood
pressure monitoring and sick day education) framework
(Table S2) for secondary and tertiary prevention of
AKI.22 If deemed appropriate, additional follow-up with
nephrology or other specialists occurred. Clinical deci-
sion support tools were developed and embedded in the
EHR during this phase.21 Two alerts developed for
inpatient teams included 1) a passive notification that
the patient had stage 3 AKI and links to kidney health
resources and 2) a failsafe alert to prompt placement of
dismissal orders (kidney laboratory monitoring and a
PCP and pharmacist visits), if those placed by the ACT
study team were discontinued. Clinical decision support
was also available for outpatient providers with de-
scriptions of the KAMPS framework and links to addi-
tional kidney care resources through a proprietary
medical knowledge system.23 Comparisons were made
across phases to examine the impact of each added level
of intervention on care processes and outcomes.

Data Collection

Data abstracted from the EHR included demographics and
select comorbid conditions documented in clinician notes.
Encounter data included length of hospital and intensive
care unit stay, nephrology consultation during hospitali-
zation, and details about the AKI episode. Estimated
glomerular filtration rate (eGFR) was determined using the
2021 Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) creatinine equation.24 Preadmission SCr was
defined as the median SCr from 6 months to 7 days before
admission or back-calculated using MDRD (Modification
of Diet in Renal Disease) Study equation, assuming an
eGFR of 75 mL/min/1.73 m2.25 All data were manually
collected from the EHR except laboratory data, which were
electronically obtained.
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Outcomes and Analysis

Feasibility was measured using the proportion of patients
screened, approached for consent, and enrolled from
among all patients identified by the EHR alert and the
proportion of participants in the ACT group who
completed follow-up care (intention-to-treat). Interven-
tion fidelity was measured using the proportion of patients
who received the intervention components. We also
evaluated the proportion of participants in the ACT group
where clinicians interfaced with clinical decision support
alerts. Process outcomes assessed in all groups included the
frequency and nature of participants’ completed follow-up
care, including timing and provider type. The cumulative
incidence of provider (PCP or nephrologist) and laboratory
(SCr and urine study, including urinalysis with micro-
scopy, urine dipstick, and urine albumin-to-creatinine
ratio) follow-up was determined at 14 and 30 days.
Clinical outcomes of interest were emergency department
visits, hospital readmissions, and death within 90 days.
Changes in eGFR between dismissal and 30 ± 15 days and
90 ± 30 days after hospitalization were calculated using
outpatient SCr values. Medication data were collected from
the discharge summary for the index hospitalization and at
90 days using the medication list from the nearest inpa-
tient or outpatient encounter. Participants were followed
for 90 days after hospital dismissal or until death or loss to
follow-up within that timeframe.

Continuous data were described using median and
interquartile range (IQR). Baseline characteristics, hospi-
talization, and feasibility data were reported using
descriptive statistics. The 3 groups were compared using the
Fisher-Freeman-Halton exact test for nominal or discrete
data and the Kruskal-Wallis test for continuous data. A
sensitivity analysis excluded participants discharged to a
skilled nursing facility, as follow-up practices may be
impacted by the discharge disposition. As care coordination
was facilitated by the study team in only the ACT group, an
additional sensitivity analysis compared the ACT group to a
group that combined the Usual Care and Education Alone
3



Patients Identified with Stage 3 AKI
(N = 346)

Exclusions, n = 219
Discharge disposition incompatible (e.g., hospice, IHD),
n = 98
Discharged/expired before approach, n = 45
Erroneous alert, n = 23
Non-English speaking, n = 20
Unable to participate, n = 19
Other, n = 14

Usual Care
(n = 13)

Education Alone
(n = 18)

ACT
(n = 15)

Patients approached for consent
(n = 110)

Not screened or unable to enroll, n = 17
Study staff unavailable, n = 11
Enrollment paused for logistic adjustments,
n = 6

Patients with Stage 3 AKI Screened for Inclusion 
(n = 329)

Figure 2. Participant flowchart.
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participants. All analyses were performed using SAS version
9.4 software (SAS Institute, Inc.; Cary, NC).
RESULTS

Recruitment Feasibility

Most (329 out of 346) patients identified by the EHR alert
were evaluated for inclusion by the study team. There were
219 (67%) exclusions based on prespecified study criteria
(Fig 2). Of 110 eligible adults approached, 46 (42%)
consented and were enrolled in the study. Participants
were primarily White and 41% were women (Table 1).
Most participants were admitted for a medical, rather than
surgical, indication. The proportion requiring intensive
care unit (ICU) monitoring, dialysis during hospitaliza-
tion, inpatient and nephrology consultation and dis-
charged to a skilled nursing facility was highest in the
Education Alone group. All participants had 90-day
follow-up data except one in the ACT group, who died
within 90 days of hospital dismissal.

Intervention Feasibility

Education was completed by all participants in the Edu-
cation Alone group and 14 of 15 in the ACT group. Orders
for posthospital laboratory monitoring and PCP and
pharmacist visits were placed by the study team for all
participants in the ACT group except the one patient who
did not receive inpatient education. Table 2 outlines the
frequency of each intervention element completed in
the ACT group. Components delivered outside the target
4

14-day timeframe included 2 SCr measurements, 1 urine
study, and 2 pharmacist visits. Clinicians interfaced with
clinical decision support tools for 6 of the 15 ACT patients
(40%).

Outcomes

The 14-day cumulative incidence of provider (PCP or
nephrologist) and laboratory (SCr and urine study) follow-
up was 0% in the Usual Care group, 11% in the Education
Alone group, and 80% in the ACT group (P < 0.001;
Table 3). The degree of provider and laboratory follow-up
was persistently different at 30 days [0%, 22%, and 80%,
respectively (P < 0.001)]. Time to follow-up is shown in
Figure 3. Findings were consistent in sensitivity analyses
excluding those who were discharged to a skilled nursing
facility (Table S3) and when the ACT group was compared
to the combined Usual Care and Education Alone groups
(Table S4).

Thirty-day readmission rates were 23%, 44%, and 20%
in the Usual Care, Education Alone, and ACT groups,
respectively (P = 0.25; Table 4). The median number of
days (interquartile range [IQR]) to readmission was 29
(25, 36), 13 (7, 57), and 49 (8, 77) in the Usual Care,
Education Alone, and ACT groups, respectively (P = 0.54).
There was no significant difference in eGFR changes be-
tween the groups at 30 or 90 days (Table 4).

Participants were on a median (IQR) of 12 (11, 15)
medications in the Usual Care group at hospital discharge,
16 (13, 22) in the Education Alone group, and 16 (8, 21)
in the ACT group (Table 1). Two (15%) participants in the
Kidney Med Vol 5 | Iss 12 | December 2023 | 100734



Table 1. Baseline Characteristic and Hospitalization Data

Usual Care
N=13

Education Alone
N=18

ACT
N=15

Baseline Characteristics
Age at hospitalization, y 69 (65, 71) 65 (62, 74) 68 (57, 78)
Female sex 7 (54) 10 (56) 2 (13)
White race 13 (100) 18 (100) 14 (93)
Comorbid conditions
Chronic kidney disease 6 (46) 11 (61) 6 (40)
Hypertension 9 (69) 10 (56) 14 (93)
Cardiovascular disease 6 (46) 8 (44) 10 (67)
Diabetes 7 (54) 12 (67) 12 (80)
Vascular disease 4 (31) 5 (28) 1 (7)

Preadmission SCr, mg/dLa 1.1 (1.0, 1.4) 1.2 (0.8, 1.9) 1.3 (1.2, 2.0)
Preadmission eGFR, mL/min/1.73 m2 73 (39, 79) 63 (37, 80) 58 (34, 71)
Hospitalization Data
Medical admission 6 (46) 12 (67) 14 (93)
Cardiovascular 0 (0) 3 (25) 2 (14)
Respiratory 0 (0) 0 (0) 1 (7.5)
Gastrointestinal 1 (17) 1 (8.5) 3 (21)
Genitourinary 5 (83) 7 (58) 7 (50)
Other 0 (0) 1 (8.5) 1 (7.5)

Surgical admission 7 (54) 6 (33) 1 (7)
Cardiothoracic 2 (29) 3 (50) 0 (0)
Gastrointestinal 4 (57) 2 (33.5) 1 (100)
Other 1 (14) 1 (16.5) 0 (0)

ICU admission 4 (31) 12 (67) 5 (33)
ICU length of stay, d 2.5 (2, 3) 3 (1, 5) 4 (3, 4)
Cause of AKI
Hypovolemia 4 (31) 3 (17) 3 (20)
Sepsis-associated 1 (8) 2 (11) 1 (7)
Cardio-renal 2 (15) 2 (11) 3 (20)
Obstructive 1 (8) 2 (11) 0 (0)
Nephrotoxic 0 (0) 0 (0) 2 (13)
Multifactorial 2 (15) 6 (33) 4 (27)
Other/Unknown 3 (23) 3 (17) 2 (13)

Nephrology consult during hospitalization 5 (39) 12 (67) 8 (53)
Dialysis during hospitalization 0 (0) 4 (22) 2 (13)
Dismissal SCr, mg/dL 1.8 (1.3, 2.9) 2.2 (1.5, 2.8) 2.2 (1.4, 3.2)
Dismissal eGFR, mL/min/1.73 m2 40 (16, 58) 29 (19, 54) 31 (16, 58)
Hospital length of stay, d 8 (6, 11) 12 (8, 18) 9 (5, 12)
Discharging service
Internal/Family medicine 5 (39) 9 (50) 8 (53)
Cardiology 0 (0) 2 (11) 3 (20)
Oncology/Hematology 0 (0) 1 (6) 0 (0)
Medicine, other 0 (0) 0 (0) 2 (13)
Cardiovascular surgery 3 (23) 3 (17) 1 (7)
Surgical, other 5 (39) 3 (17) 1 (7)

Total number of medications at dismissal 12 (11, 15) 16 (13, 22) 16 (8, 21)
Participants with medication changes at dismissal 13 (100) 18 (100) 15 (100)
Participants with nephrotoxicb medication changes 6 (46) 14 (78) 12 (80)

Discharge disposition
Home 13 (100) 10 (56) 15 (100)
Skilled nursing facility 0 (0) 5 (28) 0 (0)
Other 0 (0) 3 (17) 0 (0)
Note: Data reported as n (%) for nominal/discrete data or median (IQR) for continuous data.
Abbreviations: ACT, AKI in Care Transitions; eGFR: estimated glomerular filtration rate; ICU, intensive care unit; SCr, serum creatinine.
aBack-calculated using MDRD (Modification of Diet in Renal Disease) Study equation in 2 (Usual Care), 3 (Education Alone), and 1 (ACT) participants.
bNephrotoxic medications included acyclovir, cyclosporin, fluroquinolones, lithium, loop diuretics, methotrexate, nonsteroidal anti-inflammatory drugs, tacrolimus, and
sulfamethoxazole-trimethoprim.
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Table 2. Participants’ Completion of ACT Program
Components in the Intention-to-Treat ACT Group During 90-
Day Follow-Up

ACT Program Component N=15
Inpatient education 14 (93)
Outpatient laboratory monitoring
Serum creatinine 15 (100)
Urine studies 14 (93)

PCP visit 14 (93)
Pharmacist visit 11 (73)
Note: Data reported as n (%).
Abbreviations: ACT, AKI in Care Transition; PCP, primary care provider.

May et al
Usual Care group had a nonsteroidal anti-inflammatory
drug on their medication list at hospital discharge
compared to zero in the Education Alone and ACT groups
(P = 0.07; Table 5). Renoprotective medications, including
renin-angiotensin system inhibitors and sodium-glucose
cotransporter-2 inhibitors, were newly initiated within
90 days in 3 (20%) ACT participants compared to 0 and 1
Table 3. Kidney Follow-Up Components

Component
Usual Care
N=13

14-d provider and laboratory follow-upa 0 (0)
30-d provider and laboratory follow-upa 0 (0)
Laboratory monitoring
Serum creatinine
14-d 9 (69)
30-d 11 (85)
90-d 12 (92)
Time to first assessment, d 9 (7, 19)

Urine protein assessmentb

14-d 0 (0)
30-d 2 (15)
90-d 5 (39)
Time to first assessment, d 35 (28, 78)

Clinician follow-up
PCPc

14-d 11 (85)
30-d 12 (92)
Time to PCP follow-up, d 9.5 (4, 12.5)

Nephrologist
14-d 0 (0)
30-d 1 (8)
Time to nephrology follow-up, d 27

Pharmacistd

14-d 1 (8)
30-d 1 (8)
Time to pharmacist follow-up, d 13
Note: Data reported as n (%) for nominal/discrete data or median (IQR) for continu
Abbreviations: ACT, AKI in Care Transition; PCP, primary care provider.
aCumulative incidence of provider (PCP or nephrologist) and laboratory (SCr and
bIncludes urinalysis with microscopy, urine dipstick, and urine albumin-to-creatinine ra
were urinalyses or urine dipsticks. In cases where results revealed an elevated pro
microscopy or urine dipstick, a repeat assessment and urine albumin-to-creatinine
cTelehealth visit occurred in 1 and 4 participants in the Usual Care and Education
dTelehealth visit occurred in 1 participant in the ACT group.

6

(6%) in the Usual Care and Education Alone groups,
respectively (P = 0.23; Table 5).
DISCUSSION

In this prospective evaluation of a multidisciplinary model
for AKI survivor care, we demonstrated that kidney health
education and coordinated follow-up of AKI survivors in
primary care increases timely adherence to best practices.
Feasibility was evidenced by effective participant identifi-
cation and recruitment practices, which yielded a 42%
enrollment rate, higher than reported with nephrologist-
centric programs, and reliable delivery of the ACT inter-
vention, with >80% of participants completing education
and postdischarge laboratory and provider follow-up.

In this study, participation in the ACT program was
associated with a higher rate of laboratory monitoring for
kidney function assessment and provider follow-up, 2 core
components of best practices for high-quality post-AKI
care.22 It appeared that improved completion of timely
urine protein evaluation was a key driver in the ACT
Education Alone
N=18

ACT
N=15 P Value

2 (11) 12 (80) <0.001
4 (22) 12 (80) <0.001

11 (61) 13 (87) 0.27
14 (78) 14 (93) 0.52
17 (94) 15 (100) 0.74
7 (4, 16) 7 (2, 6) 0.03

3 (17) 13 (87) <0.001
5 (28) 13 (87) <0.001
9 (50) 14 (93) 0.004
20 (7, 52) 5.5 (2, 9) 0.001

8 (44) 14 (93) 0.003
11 (61) 14 (93) 0.03
4 (2, 16) 5 (1, 8) 0.29

1 (6) 3 (20) 0.23
3 (17) 5 (33) 0.22
20 (6, 21) 14 (13, 22) 0.50

1 (6) 9 (60) <0.001
1 (6) 11 (73) <0.001
10 7 (4, 13) 0.53

ous data.

urine study) follow-up.
tio. Of the 42 urine evaluations performed across the groups within 90 days, 88%
tein osmolality ratio or hematuria on screening evaluation with a urinalysis with
ratio were recommended within 3 months of discharge.
Alone groups, respectively.
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Figure 3. Time to provider (PCP or nephrologist) and laboratory
(SCr and urine study) follow-up across 3 groups. A significantly
greater proportion of patients achieved provider and laboratory
follow-up in the ACT group (P < 0.001).
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program impact. Although urine protein assessment is a
key prognostic indicator in AKI survivors, United States
Renal Data System data indicate that it was evaluated in less
than 20% of patients in the 6 months after discharge.26,27

A mixed methods study from the ACT group indicated that
this is likely due to a combination of factors, including a
lack of awareness, competing priorities, and opportunities
to improve kidney knowledge and education among
PCPs.28 An episode of AKI has been associated with a 9%
increase in urine albumin-to-creatinine ratio, with greater
increases following more severe AKI (eg, 24% with stage 3
Table 4. Clinical Outcomes

Usual Care
N=13

30-d readmission 3 (23)
90-d readmission 5 (39)
Days to 1st readmission 29 (25, 36)
Kidney-related readmission
Definite 2 (40)
Possible 0
Doubtful 3 (60)

90-d ED visit 5 (39)
Days to 1st ED visit 18 (4, 73)
30-d ED visit or readmission 3 (23)
90-d ED visit or readmission 6 (46)
Days to 1st ED visit or readmission 20 (2, 73)
90-d mortality 0 (0)
Change in eGFRa from dismissal to day 30 6 (-14, 10)
Change in eGFRa from dismissal to day 90 4 (-2, 15)
Note: Data reported as n (%) for nominal/discrete data or median (IQR) for continu
Abbreviations: ACT, AKI in Care Transition; ED, emergency department; eGFR, est
amL/min/1.73 m2
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AKI).29 Identifying and quantifying proteinuria is a critical
risk-stratification tool following AKI. A higher urine
albumin-to-creatinine ratio is associated with an increased
risk of kidney disease progression and dialysis needs.26,30

It also has implications beyond kidney disease, such as
complications from cardiovascular disease, and thus may
inform other comorbid condition-directed therapy.31

When used in the primary care setting, identification of
proteinuria may identify a subset of patients where
nephrology consultation would provide greatest benefit.
The higher rates of urine protein assessment observed
in the ACT group were likely driven primarily by the
active role of the ACT study team in care coordination
of clinical and laboratory follow-up before hospital
dismissal. Urine protein test selection was driven by
availability at the primary care practice site. While the
urine albumin-to-creatinine ratio would be preferred for
all patients, semiquantitative assessments with a urine
dipstick or urinalysis with microscopy may be more
feasible in certain environments. For patients with evi-
dence of proteinuria on surveillance evaluation, a more
detailed review is warranted. An established pharmacist-
driven, collaborative practice protocol facilitated ordering
repeat measurements for participants in the ACT group
with elevated protein on initial assessment. Overall,
monitoring for proteinuria may catalyze the initiation or
resumption of renoprotective medications during post-
discharge follow-up, as was seen in 20% of the ACT group
compared to 0% and 6% in the Usual Care and Education
Alone groups, respectively.

ACT participants had a significantly decreased time to
posthospital laboratory monitoring and PCP and pharma-
cist visits. The frequency of nephrologist visits and the
time to nephrologist follow-up was similar across groups.
This represents an improvement relative to previously
Education Alone
N=18

ACT
N=15 P Value

8 (44) 3 (20) 0.25
11 (61) 6 (40) 0.35
13 (7, 57) 49 (8, 77) 0.67

0.69
3 (27) 1 (17)
2 (18) 2 (33)
6 (55) 3 (50)
6 (33) 4 (27) 0.86
55 (27, 63) 6 (2, 37) 0.33
9 (50) 5 (33) 0.29
14 (78) 8 (53) 0.16
15 (7, 63) 16 (4, 769) 0.84
0 (0) 1 (7) 0.35
7 (2, 11) 6 (-3, 21) 0.84
7 (3, 26) 3 (-7, 14) 0.50

ous data.
imated glomerular filtration rate.
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Table 5. Patterns of Medication Use

Drug/Class

Hospital Discharge 90 d

Usual Care
N=13

Education Alone
N=18

ACT
N=15 P-Value

Usual Care
N=13

Education Alone
N=18

ACT
N=15 P Value

ACEi 2 (15) 3 (17) 2 (13) 0.97 2 (15) 4 (22) 4 (27) 0.77
ARB 2 (15) 0 (0) 1 (7) 0.23 2 (15) 0 (0) 0 (0) 0.07
NSAID 2 (15) 0 (0) 0 (0) 0.07 1 (8) 0 (0) 0 (0) 0.27
Loop diuretic 5 (39) 9 (50) 4 (27) 0.39 5 (39) 9 (50) 2 (13) 0.08
Spironolactone 0 (0) 0 (0) 1 (7) 0.35 1 (8) 0 (0) 1 (7) 0.51
SGLT2i 0 (0) 0 (0) 0 (0) - 0 (0) 0 (0) 1 (7) 0.35
SMX/TMP 1 (8) 1 (6) 2 (13) 0.72 1 (8) 0 (0) 1 (7) 0.51
Calcineurin inhibitor 1 (8) 3 (17) 1 (7) 0.60 1 (8) 3 (17) 0 (0) 0.24
Note: Data reported as n (%).
Abbreviations: ACT, AKI in Care Transition; ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; NSAID, nonsteroidal anti-inflammatory
drug; SGLT2i, sodium-glucose cotransporter-2 inhibitor; SMX/TMP, sulfamethoxazole-trimethoprim.
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described nephrologist-centric models, which showed a
median follow-up time of 15-48 days.13,14 Early post-
hospital follow-up may allow for more timely recognition
of AKI-related complications, decreased exposure to
nephrotoxins, and adjustment of diuretic and other
medication doses during the dynamic arc of kidney re-
covery. A prior report from this study identified a median
of 3 drug therapy problems per patient, 18% of which
were for nephrotoxic/renoprotective medication optimi-
zation. Among these pharmacist-identified interventions
for renally active therapy, 80% of optimization recom-
mendations were acted on by providers within 7 days.32

Previous research on collaborative delivery of post-AKI
care between nephrologists and PCPs found that follow-
up in primary care, in advance of or in conjunction with
nephrologist follow-up when indicated, was seen as
instrumental in assuring care continuity and comorbidity
management.28 Similar models of transitional, multidisci-
plinary team-based follow-up in primary care have
demonstrated reductions in ED visits, rehospitalization,
and costs as well as improved self-rated health.33–36

Collaborative care delivery has been identified as desir-
able and necessary for the scale and spread of post-AKI
care, and further research on how it may be optimized is
warranted.16,37–40

By incorporating multiple disciplines, including phar-
macists and nephrology nurse educators, this health care
delivery model capitalizes on specialty knowledge while
reducing burden on already limited provider resources.
Multidisciplinary engagement, particularly pharmacist-led
medication review and reconciliation, has been recom-
mended as a foundational element of post-AKI care by
nephrologists and patients.16,37–40 Medication manage-
ment is one of the few modifiable determinants of patient
outcomes, and pharmacist involvement in transitions of
care has been associated with reduced hospital read-
missions and polypharmacy.41–45 Despite these factors,
their routine incorporation into post-AKI care is not well
documented. In the present study, pharmacist involvement
may have contributed to favorable medication use patterns,
including lack of nonsteroidal anti-inflammatory drugs
8

and initiation of renoprotective medications in 20% of
participants the ACT group.32

This model of care included several strengths that address
known barriers to delivery of post-AKI care. Use of an EHR-
based screening tool allowed for automated identification of
AKI survivors from among the entire inpatient census. Previ-
ous tactics have relied on time-consuming manual efforts,
including review of cases in select hospital locations (eg, an
ICU) and/or referral from an inpatient nephrology consult
team.13,14,46 Such approaches may miss AKI survivors who
stand to benefit significantly from kidney follow-up care. As a
representative example, among those included in our study,
only 54% were seen by nephrology during their hospitaliza-
tion, and 46% had an ICU stay. Engagement of primary care
may have contributed to a higher participation rate than
observed in other nephrology-centric models.13 Patients have
described reluctance to add additional specialists to their care
team and long wait times for access to specialists as barriers to
participating in post-AKI care.13,47 Targeted AKI education
before hospital dismissal may have increased patient aware-
ness about AKI and knowledge about the importance of kid-
ney health follow-up, which are additional obstacles to patient
participation in follow-up.8,40,48 Thismay have contributed to
high compliance with ACT program components, including
laboratory monitoring (93-100%) and provider visits (80%).
Clinical decision support tools may act as important prompts
to coordinate recommended follow-up care and thus
contributed to the success of the ACT program. However, as
only 40% of providers interfaced with these tools, more
research is needed to optimize their utility. Collectively, this
study provides evidence for the potential scalability and
generalizability of this approach to post-AKI health care
delivery.

This study is not without limitations. Patients were
recruited during phased implementation of the ACT pro-
gram and were not randomly assigned to treatment groups,
which likely contributed to differences across groups. As the
primary outcome was feasibility, the sample size was small
and thus insufficient to detect differences in many clinically
meaningful outcomes or perform multivariable analysis.
Given these factors, findings related to clinical outcomes
Kidney Med Vol 5 | Iss 12 | December 2023 | 100734
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should be interpreted with caution. Dismissal to a skilled
nursing facility occurred at varying rates across groups and
may have impacted the timing and frequency of post-
discharge follow-up. Thus, a sensitivity analysis was per-
formed excluding patients who dismissed to a skilled
nursing facility and results were similar. There also remains
a need to evaluate key patient-reported outcomes, including
the effect of ACT on kidney health knowledge, which is
planned but beyond the scope of this report. All participants
were receiving primary care in the same region as the ter-
tiary care center where recruitment was conducted, and all
sites use a shared EHR. This minimizes the likelihood of
missing follow-up or rehospitalization outside our health
system and may affect generalizability of these data. It is
unknown how our findings translate to patients receiving
primary care at a greater distance or in practices that do not
share an EHR with the discharging hospital. Additionally,
this study used a proactive approach to post-AKI care co-
ordination, with the study team facilitating recruitment and
delivery of the education and arranging clinical and labo-
ratory follow-up before hospital dismissal. Large-scale
feasibility cannot be inferred from these data. Additional
personnel, adaptive workflows, or automation may be
necessary to facilitate scale and spread. A dedicated nurse
navigator or care manager for AKI survivors would likely be
of great benefit to extending the reach of programs, such as
ACT, to more patients.14 Nevertheless, a primary care-based
follow-up strategy is likely more feasible in these circum-
stances than a nephrologist-driven specialty clinic, as has
been previously reported for AKI survivors. Finally, the gap
between the number of patients screened (n=329) and
approached for consent (n=110) is evidence of the het-
erogeneity of the AKI survivor population, challenges with
electronic identification of AKI survivor candidates, and
complexity of care delivery. Although primary care-based
follow-up of AKI survivors may offer significant benefits
in select populations, a one-size-fits-all approach is unlikely
to be successful. Follow-up pathways should be flexible to
accommodate diversity in patients and clinical scenarios.

In conclusion, this pilot study demonstrated feasibility
of multidisciplinary AKI survivor follow-up beginning in
primary care, with higher 14- and 30-day cumulative
incidence of laboratory and provider follow-up in ACT
participants. Further studies are needed to determine the
effect on important clinical and patient-centered outcomes
and to identify strategies for optimizing collaborative care
delivery between nephrologists and the primary care team.
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