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Key Points
 Using innovative, patient-centered interventions, 68% of eligible high-risk patients with AKI were enrolled and all
came to nephrology follow-up.
 Participation was associated with improvement in 30-day postdischarge rehospitalization and mortality, with
similar 90-day trends.
 The interventions present a roadmap for improving enrollment in AKI randomized controlled trials and should be
tested further.
Abstract
Background Hospitalization-associated AKI is common and is associated with markedly increased mortality and
morbidity. This prospective cohort study examined the feasibility and association of an AKI rehabilitation program
with postdischarge outcomes.
Methods Adult patients hospitalized from September 1, 2019 to February 29, 2020 in a large health system in
Pennsylvania with stage 2–3 AKI who were alive and not on dialysis or hospice at discharge were evaluated for
enrollment. The intervention included patient education, case manager services, and expedited nephrology
appointments starting within 1–3 weeks of discharge. We examined the association between AKI rehabilitation
program participation and risks of rehospitalization or mortality in logistic regression analyses adjusting for
comorbidities, discharge disposition, and sociodemographic and kidney parameters. Sensitivity analysis was
performed using propensity score matching.
Results Among the high-risk patients with AKI who were evaluated, 77 of 183 were suitable for inclusion. Out of
these, 52 (68%) patients were enrolled and compared with 400 contemporary, nonparticipant survivors of stage 2/3
AKI. Crude postdischarge rates of rehospitalization or death were lower for participants versus nonparticipants at
30 days (15% versus 34%; P50.01) and at 90 days (31% versus 51%; P50.01). After multivariable adjustment,
participation in the AKI rehabilitation program was associated with lower risk of rehospitalization or mortality at 30
days (OR, 0.41; 95% CI, 0.16 to 0.93), with similar ﬁndings at 90 days (OR, 0.52; 95% CI, 0.25 to 1.05). Due to small
sample size, propensity-matched analyses were limited. The participants’ rehospitalization or mortality was
numerically lower but not statistically signiﬁcant at 30 days (18% versus 31%; P50.22) or at 90 days (47% versus 58%;
P50.4).
Conclusions The AKI rehabilitation program was feasible and potentially associated with improved 30-day
rehospitalization or mortality. Our interventions present a roadmap to improve enrollment in future randomized
trials.
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Introduction
Hospitalization-associated AKI is common and associated with increased risks of mortality and morbidity,
and with higher costs and length of hospital stay (1).

One in ﬁve survivors of AKI are readmitted to the
hospital within 30 days (2). Several gaps in the
postdischarge care of these patients have been identiﬁed. Prominent among these is a lack of patient
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education and disease awareness. In one study, near the time
of hospital discharge, 80% of survivors of AKI were unaware
of their AKI diagnosis and the majority could not recognize
nephrotoxic medications (3). Less than 10% of patients with
AKI receive a postdischarge nephrology referral (4). Other
missed opportunities include medication interventions, such
as restarting renin-angiotensin-aldosterone inhibitors (5,6).
Unfortunately, prospective data demonstrating the effect of
interventions bridging these gaps to improve clinical outcomes in AKI remain elusive (7).
A prior retrospective study found that survivors of AKI
who were seen by a nephrologist within 90 days of discharge
had reduced risk of death, compared with propensitymatched survivors of AKI who did not have nephrology
follow-up (8). Improved communication, patient selfmanagement support, and guidance from a transition coach
have been shown to reduce the risk of rehospitalization in
patients with complex care needs (9). Protocols based on
such interventions to re-engineer discharge have been
applied in various healthcare settings with encouraging
outcomes (10,11).
We developed an AKI rehabilitation program on the basis
of these interventions, including early AKI diagnosis, intensive patient education, nurse case manager support, and
expedited postdischarge nephrology follow-up. To evaluate
the feasibility and preliminary effectiveness of our program,
we examined outcomes of survivors of AKI who participated
in the AKI rehabilitation program versus nonparticipants. We
hypothesized that patients who received the AKI rehabilitation program would have decreased risk of rehospitalization
or death, compared with patients who did not.

Materials and Methods

Study Setting and Study Population
The study population included adult patients without
ESKD who developed stage 2 or 3 AKI upon hospital
admission or during hospitalization at Geisinger Medical
Center between September 1, 2019 and February 29, 2020.
Geisinger Medical Center is a tertiary-care teaching hospital
in central Pennsylvania. Hospitalization-associated stage 2
and 3 AKI were deﬁned according to Kidney Disease
Improving Global Outcomes (KDIGO) guidelines (12). Reference creatinine was determined using a hierarchic
approach, preferably using the mean of all outpatient
creatinine values 365 days before admission (Supplemental
Table 1) (13).
All survivors of stage 3 AKI, regardless of the cause of AKI,
were eligible for enrollment in the AKI rehabilitation
program. Because the global clinical impression (“Surprise
Question”) of treating clinicians has been associated with
outcomes in a wide variety of patients, any survivors of stage
2 AKI who were deemed high risk by the consulting
nephrologist were also potentially eligible (14). Exclusion
criteria included full renal recovery before discharge, receiving dialysis at discharge, enrollment in hospice, or history of
kidney transplantation.
Multilevel AKI Rehabilitation Program
The process of patient enrollment and workﬂow is
summarized in Figure 1. Our intervention had three main
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components: an AKI system list for early diagnosis of
hospitalization-associated AKI, a nurse case manager workﬂow, and expedited postdischarge nephrology follow-up.
AKI System List
A multidisciplinary team of nephrologists and informaticians developed a multipronged, systematic strategy to
improve AKI diagnosis. Algorithms to determine “baseline”
creatinine and classify AKI per KDIGO guidelines were built
into a system list in the electronic health record (EHR; Epic
Systems, Verona, WI), allowing for real-time, accurate
diagnosis and staging of AKI.
Nurse Case Manager Workflow
The nurse case manager monitored the AKI system list
daily to identify patients for enrollment. She also tracked
high-risk patients with stage 2 AKI who were referred by the
treating nephrologists. An attempt to enroll survivors of AKI
was made 2–3 days before expected discharge. Treating
inpatient teams were approached to ensure the patient was
suitable for enrollment. After enrollment, workﬂow was
based on prior nurse discharge advocate–based interventions shown to reduce rehospitalization (15). The nurse case
manager was trained in delivering AKI education, including
pathophysiology; patient-speciﬁc etiology; treatment plan;
and self-management tips, including BP monitoring, volume
management, nephrotoxin avoidance, medication monitoring, and sick day tips. Simulated training and teach back
were performed. The principal investigator (G.S.) directly
observed three patient teaching sessions. A booklet, written
at an eighth grade literacy level, was provided as a guide and
given to the patient after administering education. Education
was also reinforced during follow-up telephone calls and
appointments.
At discharge, and during AKI clinic visits, the nurse case
manager monitored the patients for barriers to care,
symptoms, BP/volume self-monitoring, medication discrepancies/side effects, clinical communication deﬁcits, socioeconomic challenges, need for additional referrals, and other
issues with care coordination. If issues were identiﬁed, she
performed a minimum of once weekly telephone follow-up
for the ﬁrst 4 weeks postdischarge, followed by at least
monthly phone calls for the next 2 months. Patient symptoms
or care-related queries were directed to the appropriate
clinician using telephone calls or electronic messaging
through the EHR. Nephrologists (G.S., M.B.) were available
to provide guidance in real time if needed.
As an illustration, if patients experienced conﬂicts with
appointment schedules, the case manager would identify
and try to reschedule or resolve them. Patients experiencing
ﬁnancial stress related to medical issues were provided
community resources and appropriate referrals for medical
and ﬁnancial assistance. Medical transportation resources
were identiﬁed in the community and made available to
patients. All patients received multiple reminders of their
appointments to ensure they attended them. Selfmanagement information—such as weight monitoring, BP,
blood glucose—was reviewed and any concerns or major
changes were reviewed with appropriate clinical staff.
Postdischarge Nephrology Follow-Up
Follow-up appointments were scheduled in a dedicated
AKI clinic within 1–3 weeks of discharge. We redesigned
clinic workﬂows and scheduling templates to ensure that
enrolled patients were routed into this dedicated AKI clinic
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Early detection algorithm
detected stage 3 AKI (n=183)

Stage 2 AKI patient referred by
nephrologist (n=28)

Evaluated by Nurse case manager (n=183: Stage 3: 155, Stage 2: 28)

Excluded (n=131)
iFull recovery before discharge (n=41)
iOn dialysis at discharge (n=21)
iHospice (n=12)
iNot meeting inclusion criteria (n=13)
iDeclined to participate (n=11)
iSeeking nephrology care elsewhere (n=9)
iDied before discharge (n=9)
iTransferred to another hospital (n=6)
iTransplant patient (n=4)
iOther/unspecified (n=5)

Not evaluated due to logistical
reasons: case manager time off/
not available (n=28)

Participants in AKI rehabilitation program (n=52)
Provided inpatient AKI education + self-management training
Expedited outpatient AKI clinic appointment provided within
1–3 weeks of discharge

AKI clinic visit, ideally within 1–3 weeks of discharge:
i Education reinforced, medication reconciliaton,
additional support, specialist referrals, goals of care
discussion, dialysis education
i Focus on electrolyte and volume management, and
nephrology relevant discharge recommendations

Case management services where needed:
i Phone calls at least once a week for 1
month
i At least monthly phone calls for 2
months if patient not transitioned

Monthly visits X 3 if needed

Transition care to CKD nephrology clinic or primary care

Figure 1. | Patient enrollment and workﬂow for the AKI rehabilitation program.

with longer appointment slots. To ensure ongoing AKI clinic
availability, we reserved at least four open slots up to 1 week
before each AKI clinic. Enrolled patients were preferentially
scheduled into the AKI clinic, even if they were seeing a
different nephrologist before hospitalization. The AKI clinician was allotted a 1-hour slot for the ﬁrst visit and 30-minute
slots for subsequent visits. The nurse case manager was also
available for shared visits, when needed, to address barriers
to care, patient education, self-management, social determinants of health, or care coordination. A full medication
reconciliation was performed, self-management education
was reinforced, and appropriate medical interventions were
performed. Special attention was paid to BP, electrolytes,

volume management, discussions about goals of care,
dialysis modality education, dialysis access planning, and
multidisciplinary care coordination. To improve communication with the patient and other clinicians, an updated
medication list, summary of AKI information (cause, severity, recent laboratory test results), arm vessel preservation
strategy (if relevant), and other pertinent instructions were
printed and given to the patient. At the discretion of the AKI
nephrologist, the patient could return to the clinic for
monthly visits up to two more times. Subsequently, depending on clinical needs, the patients were either discharged
from nephrology care or transitioned to long-term nephrology follow-up outside the AKI clinic.
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Outcomes
The primary outcome was a composite outcome of 30-day
rehospitalization or mortality. Other outcomes of interest
included composite 90-day rehospitalization or mortality,
30-day rehospitalization, 30-day mortality, 90-day rehospitalization, and 90-day mortality. Rehospitalization was
determined using EHR data. Mortality data were obtained
administratively through linkage with the Social Security
Death Index. Renal recovery was classiﬁed as complete if the
serum creatinine improved to baseline on follow-up, and
incomplete if it improved, but not to baseline.
Baseline Covariates
We deﬁned baseline comorbidities and Charlson Comorbidity Index using International Classiﬁcation of Diseases,
Ninth and Tenth Revision diagnosis codes from all available
outpatient and inpatient data before discharge. Additional
covariates included age, sex, race/ethnicity, baseline eGFR,
and discharge eGFR (calculated using the Chronic Kidney
Disease Epidemiology Collaboration equation), inpatient
kidney replacement therapy, length of stay, discharge
disposition, intensive care unit (ICU) utilization, cardiac
catheterization, surgical procedure, and RRT during
admission.
Actions Taken during First AKI Clinic
To provide insights into actions taken during AKI clinic
visits that may have affected outcomes, a manual chart
review of the patients’ EHR was performed by a physician.
Charts were examined for listed cause of AKI and
interventions made, such as medication changes, care coordination, laboratory test orders, advance care planning, and
imaging. The Geisinger Institutional Review Board reviewed
and approved the research study.
Statistical Analyses
Patients’ demographic and clinical information were
summarized between participants and nonparticipants.
Mean and SD were presented for continuous variables.
Frequency and corresponding percentage (%) were estimated for categoric variables. Chi-squared tests of independence were conducted to test the association of primary
outcomes between groups. Multivariable logistic regression
models were conducted to evaluate the association between
the AKI rehabilitation program and the risk of outcomes,
including 30-day rehospitalization or mortality and 90-day
rehospitalization or mortality. Adjustment was performed
for sociodemographic variables (age at index admission, sex,
race), comorbidities (Charlson Comorbidity Index), level of
care (ICU), discharge disposition (home versus nonhome),
and kidney parameters (baseline eGFR, discharge eGFR,
receipt of kidney replacement therapy). In sensitivity analysis, we examined the association between participation in
the AKI rehabilitation program and death or rehospitalization using a propensity score–matched cohort.
Propensity score matching, using a 1:1 ratio with nearestneighbor matching, was performed to adjust for the
observed potential confounding factors including the covariates (as deﬁned above) in the logistic regression model,
including sociodemographic, comorbidity, level of care,
discharge disposition, and kidney parameters. Additional
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variables included were length of stay for admission,
hospitalizations in 1 year before index, AKI stage during
index admission, and discharge diagnosis of any congestive
heart failure. Covariate balance was visualized before and
after propensity score matching. Statistical analyses were
performed in RStudio (version 1.3.1093). P values ,0.05 were
considered statistically signiﬁcant.

Results
From September 1, 2019 to February 29, 2020, 576 patients
admitted to Geisinger Medical Center had stage 2 or 3 AKI.
Out of these, 452 survived to discharge (stage 2, 279; stage 3,
173). The case manager evaluated 183 patients for enrollment: 155 patients with stage 3 AKI, and 28 patients with
stage 2 AKI referred by consulting nephrologists (Figure 1).
Of these, 100 patients did not meet the criteria for the AKI
rehabilitation program, 11 declined to participate, nine were
planning on receiving follow-up nephrology care elsewhere,
six were transferred to another hospital, and ﬁve were not
enrolled for other/unspeciﬁed reasons. The most common
cause for not meeting the inclusion criteria was a misclassiﬁcation of AKI stage in a patient with unknown baseline
creatinine in our electronic medical records.
A total of 52 patients with high-risk AKI were enrolled into
our AKI rehabilitation program. Patient characteristics,
stratiﬁed by participation and nonparticipation in the AKI
rehabilitation program, are summarized in Table 1. Patients
in the AKI rehabilitation program group were more likely to
have stage 3 AKI (85% versus 33%), lower eGFR at discharge
(32.2625.4 versus 54.0634.7 ml/min per 1.73 m2), and to be
discharged home (77% versus 47%), compared with nonparticipants. Participants were less likely to have spent time
in the ICU during the admission (31% versus 51%). Causes of
AKI for patients seen in the rehabilitation program included
acute tubular necrosis (n531), obstructive uropathy (n56),
cardiorenal syndrome (n53), interstitial nephritis (n52),
chemotherapy/medication toxicity (n52), rhabdomyolysis
(n52), hepatorenal syndrome (n51), GN (n51), atypical
hemolytic uremic syndrome (n51), renovascular disease
(n51), myeloma cast nephropathy (n51), and preeclampsia
(n51).
Out of 77 potentially eligible patients for the program, 52
(68%) patients enrolled in the program and completed a total
of 93 AKI clinic visits. The mean (SD) interval between
hospital discharge and the ﬁrst appointments was 14.8 (10.7)
days. A single visit was required for 23 patients, two visits for
16 patients, and three visits for 13 patients. Interventions
made by nephrologists during the expedited follow-up visits
are summarized in Figure 2. The most common interventions
included laboratory work, dietary education, and medication management (renin-angiotensin inhibitors, diuretics,
antihypertensives). Although 14 patients were provided
dialysis education, none of them required RRT at last followup in AKI clinic. At the last follow-up, 23 patients had
complete renal recovery to baseline, 24 had incomplete
recovery, and ﬁve showed no renal recovery.
Our nurse case manager made 219 postdischarge phone
contacts with enrolled patients. A total of 252 case management interventions were made to coordinate care, address
patient concerns, and mitigate barriers to care (Table 2). A
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Table 1.

Patient characteristics of participants versus nonparticipants in the AKI rehabilitation program

Characteristics
AKI stage, n (%)
Stage 3
Stage 2
Age
Sex, n (%)
Female
Male
Race, n (%)
Non-Hispanic White
Hispanic
Length of stay (d)
Baseline eGFR (ml/min per 1.73 m2)
Discharge disposition, n (%)
Home
Acute rehabilitation
SNF
LTACH/other
Charlson Comorbidity Index
Discharge eGFR (ml/min per 1.73 m2)
Inpatient dialysis/CRRT, n (%)
ICU stay during admission, n (%)
CHF in discharge diagnoses, n (%)

Participants (n552)

Nonparticipants (n5400)

P Value
,0.001a

44 (85)
8 (15)
63.4 (14.4)

131 (33)
269 (67)
63.6 (17.1)

22 (42)
30 (58)

184 (46)
216 (54)

50 (96)
2 (4)
10.1 (7.4)
64.3 (34.8)

384 (96)
16 (4)
12.9 (12.4)
64.3 (31.5)

40 (77)
4 (8)
8 (15)
0
5.7 (4.1)
32.2 (25.4)
6 (12)
17 (33)
10 (19)

187 (47)
32 (8)
134 (34)
47 (12)
5.9 (3.8)
54.0 (34.7)
36 (9)
205 (51)
123 (31)

0.94
0.72

0.29

0.11
.0.99
0.001a

0.65
,0.001a
0.73
0.02a
0.12

All values indicate mean (SD) unless otherwise indicated. SNF, skilled nursing facility; LTACH, long-term acute care hospital; CRRT,
continuous RRT; CHF, congestive heart failure.
a
P,0.05.

case management intervention was required in 46 out of 52
(88%) of patients. The most common areas of intervention
included coordination of care (82 interventions), communication with clinicians about patient concerns (45 interventions), and self-management education (43 interventions). A
total of 18 appointments, for ten patients, needed to be
canceled or rescheduled. Our case manager used the ﬂexible
scheduling templates to arrange a suitable alternative
appointment in all cases within 1–3 weeks of discharge.
Table 3 shows the frequency and proportions experiencing
the rehospitalization and mortality outcomes in participants
in the AKI rehabilitation program and nonparticipants.
Participants in the AKI rehabilitation program had signiﬁcantly lower crude rates of both composite outcomes and
mortality outcomes than nonparticipants: for 30-day rehospitalization or death, 15% versus 34% (P50.01); for 90-day
rehospitalization or death, 31% versus 51% (P50.01); for
30-day mortality, 2% versus 12% (P50.03); for 90-day
mortality, 6% versus 21% (P50.01) (Table 3). In multivariable
logistic regression analyses, participation in the AKI rehabilitation program was associated with lower risk of 30-day
rehospitalization or mortality (odds ratio, 0.41; 95% CI, 0.16
to 0.93; P50.04), with similar ﬁndings for 90-day rehospitalization or mortality (odds ratio, 0.52; 95% CI, 0.25 to 1.05;
P50.07), although the 95% CI crossed one for the latter
outcome (Table 4).
In sensitivity analyses using 1:1 propensity score matching, we were able to match 45 of 52 (87%) participants in the
AKI rehabilitation program. Among the 45 matched pairs,
the covariates were well balanced on the basis of the
covariate balance plot, with most standardized mean differences ,0.15 (Supplemental Table 2). Results in propensity
score–matched analyses were similar in direction, although

not statistically signiﬁcant for 30-day rehospitalization or
mortality (18% versus 31%; P50.22) and 90-day rehospitalization or mortality (47% versus 58%; P50.4) (Supplemental
Table 3).

Discussion
In this pilot study, enrollment in a comprehensive AKI
rehabilitation program was associated with a lower risk of
rehospitalization or mortality at 30 days after discharge, as
compared with usual care. These ﬁndings could have
important implications given the very high morbidity and
mortality experienced by survivors of AKI. In terms of
implications for healthcare systems and payers, costs of
rehospitalization are signiﬁcant, often exceeding the initial
hospitalization (16). If our ﬁndings can be conﬁrmed in a
randomized controlled trial, this intervention could translate
into signiﬁcant improvement in patient outcomes and cost
savings.
Prior population-based studies have reported 30-day
rehospitalization rates of 20%–25% and 30- day mortality
rates of 6%–18% among survivors of AKI (2,17–19). High
90-day mortality rates between 20% and 30% have also been
described (20,21). We observed similarly high rates of
rehospitalization and mortality among nonparticipants in
the AKI rehabilitation clinic. Despite having a higher
proportion of stage 3 AKI and lower mean discharge eGFR,
our participant group had a lower incidence of rehospitalization and mortality in crude and multivariable-adjusted
analyses. Findings were similar, although not signiﬁcant, in a
propensity score–matched analysis. However, ﬁndings for
30- and 90-day risk of rehospitalization or mortality were
similar in direction to the multivariable logistic regression.
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DIALYSIS
EDUCATION

BLOOD/URINE
TESTS

Patient: 14
Chose hemodialysis: 4
Peritoneal dialysis: 4
No dialysis: 4
Undecided: 2

Patient: 50
Visits: 91

DIETARY
EDUCATION

NEPHROLOGY
CLINIC VISIT

DIURETICS

Counseled: 37
Refered to dietitian: 11

Patient: 52
Visits: 93

Patient started: 5
Dose adjusted: 10
Stopped: 3

ACE/ARB
Restarted: 10
Stopped: 3
Contraindication
documented: 7

OTHER MED
CHANGES

REFERRALS MADE
Anemia clinic: 4
Hematology/oncology: 2
Urology: 2
Bariatric surgery: 1
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OTHER TESTING
Kidney ultrasound: 4
Chest X-ray: 1
Kidney biopsy: 1

Antihypertensives: 13
Sodium bicarbonate: 6
Potassium Chloride: 4
NSAIDs: 5
Metformin: 3
Others: 3

Figure 2. | Interventions made during AKI clinic visits.

There is widespread interest in testing interventions to
improve AKI outcomes in randomized controlled trials.
The Caring for Outpatients after Acute Kidney Injury
consortium is one such attempt to test interventions to
reduce morbidity in patients who survive hospitalization
for stage 2 and 3 AKI (22). However, an attempt at a similar
randomized controlled trial across four hospitals in
Toronto, Canada encountered several challenges (23).
Only 71 out of 269 (26%) eligible patients could be
randomized. The primary reason for declining participation were difﬁculties with coordination of care and care
fatigue. On the other hand, by starting education and case
management services during admission, and providing
outpatient comprehensive case management, we were
able to enroll 52 out of 77 (68%) eligible patients. In the
randomized trial, even among the 34 patients randomized
to AKI follow-up clinic, only 24 (71%) came to the visit. On
the other hand, all 52 of our enrolled patients attended
clinic visits. Although ten of our patients had to cancel and
reschedule 18 appointments, our case manager was able to
coordinate alternative appointments. By using ﬂexible
scheduling templates, we were able to ensure nephrologist
availability. Other interventions that might have
improved patient engagement and mitigated care fatigue

included timely, symptom-based interventions, interdisciplinary communication, regular check-ins, expedited
care requests, and attention to socioeconomic barriers to
care. Hence, our study creates a roadmap to overcome
barriers to enrollment in future studies.
A previous, pragmatic, cluster randomized trial, including
an AKI electronic detection and alerting system, an inpatient
care bundle, and healthcare worker education, failed to show
an improvement in 30-day mortality (24). However, our
intervention was distinct in that we focused on post-AKI care
with signiﬁcant patient education, self-management training, and nurse case manager support beginning in the
hospital, along with expedited 1- to 3-week nephrology
follow-up. Our ﬁndings are consistent with a retrospective
study showing an association between early outpatient
nephrology follow-up and lower postdischarge mortality
in survivors of AKI (8).
Whereas an electronic survey found that Canadian
nephrologists would frequently recommend postdischarge
follow-up, only 24% of survivors of AKI were seen by a
nephrologist within 1 year (25). An analysis of US veterans
similarly found that only 9% of survivors of AKI receive a
postdischarge nephrology referral (4). Likewise, in our
cohort, only 38 patients (10%) in the comparison group
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Table 2.

Interventions made by nurse case manager

Category

Intervention

Coordination of
Laboratory workup
care
appointment coordination
Appointment reminders
Medication reconciliation
Streamline appointment
schedule
Transition to CKD clinic
Arrange weighing scale
Obtain BP cuff
Communication Primary care physician
with
Nephrologist
clinicians
Surgeon/wound care
Nursing/rehabilitation
facility
Cardiologist
Other medical specialty
Urology
Neurosurgery
Pharmacist
SelfMedication adherence/
side effects
management
education
Volume management
Diet
Postdischarge AKI
education
Hypoglycemia
management
Nausea/fatigue
management
Disease-speciﬁc
Infection
plan of care
Depression
Diabetes
Dialysis
Congestive heart failure
Wound care
Symptom
Depression/anxiety
detection
Edema
Weight gain
Dysuria
Chest pain
Socioeconomic
Caregiver support
support
Safety/mobility support
Transportation
Substance abuse
Financial hardship
Personal/family conﬂict
Need-based
Behavioral health
referrals
Home health
Physical/speech therapy
Cardiology
Dietitian
Home oxygen therapy

Number of
patients
19
18
17
15
7
4
2
11
9
7
6
4
4
2
1
1
15
12
6
4
3
3
5
4
4
4
4
3
6
5
4
1
1
10
9
5
3
2
2
3
2
2
1
1
1

Each intervention counted only once per patient, but the same
patient could be included under multiple interventions.

were seen by a nephrologist in 3 months postdischarge. Prior
studies have also identiﬁed gaps in postdischarge communication in patients with AKI (26). Our intervention was
successful in addressing these gaps by improving care
coordination with nurse case manager telephone calls and
early nephrology follow-up.

A possible mechanism for improving postdischarge
hospitalization-associated AKI outcomes might be preventing recurrent AKI. Up to 25% of survivors of AKI are
rehospitalized with recurrent AKI within 12 months. Recurrent AKI is also associated with other poor outcomes, such as
accelerated kidney function decline (27). Using multiple
preventive interventions as a bundle has been shown to
reduce the incidence and severity of AKI in inpatients (28).
Our outpatient intervention included many of the AKI
preventive measures included in the KDIGO clinical practice
guideline for AKI (29). Unfortunately, we were unable to
examine recurrent AKI as an outcome because follow-up
creatinine values were not systematically collected among
nonparticipants. Regardless, it is easily conceivable that
application of these measures as an outpatient bundled
intervention could lead to similar results.
Use of angiotensin-converting enzyme inhibitors or angiotensin receptor blockers (ACE/ARB) after AKI has been
associated with lower mortality, although it remains uncertain whether restarting ACE/ARB affects risk of recurrent
AKI (30,31). Restarting ACE/ARB and ongoing monitoring
was a common intervention performed in our clinic. Other
common actions that may have prevented adverse outcomes
included medication reconciliation, symptom assessment,
improved communication, and assistance with navigating
socioeconomic barriers. These issues are particularly important for survivors of AKI, who are at high risk for
polypharmacy and serious postdischarge medication side
effects, such as hypoglycemia (32). In patients with impaired
kidney function, medication discrepancy and risk for potential harm is signiﬁcant, which could be prevented by
outpatient medication reconciliation in the nephrology clinic
(33,34).
We modeled our case manager intervention on prior work
done in postdischarge trials not speciﬁc to AKI. Prior
randomized trials have shown that comprehensive discharge
planning and home follow-up after discharge can reduce
rehospitalization and decrease the cost of care in other
settings where patients are at high risk of rehospitalization
(35). Our case manager acted as a “transition coach,” who
starts educating the patient about AKI self-management in
the hospital and works to improve postdischarge communication and follow-up care coordination (9). We adopted
some components of the re-engineered hospital discharge
program as applicable to AKI care in a nephrology-centric
setting (15). However, implementing all components of this
complex intervention requires multilevel, organizational
commitment and can be challenging (36). Given the increasing penetration of value-based care, and increasing ﬁnancial
penalties for rehospitalization, we are hopeful there will be
more support from healthcare systems to allow multicenter
implementation and rigorous evaluation (37). Interventions,
such as the one in our study, could lead to signiﬁcant
improvements in patients’ self-perceived knowledge about
AKI, and potentially patient outcomes (38).
Our single-center, nonrandomized pilot study needs
further testing in a larger, more heterogenous population,
and preferably as a randomized controlled trial, to verify that
this approach improves outcomes. Due to the nonrandomized nature of the study, it is likely that the patients enrolled
in our AKI rehabilitation program were inherently different
from our comparison patients, leading to confounding bias,
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Rehospitalization and mortality outcomes of participants of the AKI rehabilitation program and nonparticipants
n (%)

Outcome
30-Day
30-Day
30-Day
90-Day
90-Day
90-Day
a

Participants (N552)

Nonparticipants (N5400)

P Valuea

8 (15)
7 (14)
1 (2)
16 (31)
15 (29)
3 (6)

137 (34)
111 (28)
48 (12)
202 (51)
167 (42)
82 (21)

0.01
0.04
0.03
0.01
0.10
0.01

rehospitalization or mortality
rehospitalization
mortality
rehospitalization or mortality
rehospitalization
mortality

P values were determined on the basis of chi-squared tests, except for values less than ﬁve, where Fisher exact tests were used.

and these differences may not have been fully accounted for
despite our statistical adjustment. Due to the small sample
size, a propensity score–matched analysis was possible for
only 45 out of the 52 participants in the program. We could
have missed rehospitalizations if the patient was admitted to
a different healthcare system. However, we believe this effect
is negligible because almost all hospitals in our patient
catchment area are owned by Geisinger Health or we have
access to hospitalization data through the EHR interface. We
only included patients with stage 2 AKI who were deemed
high risk by the consulting nephrologist. In the absence of
standardized, externally validated tools to predict AKI
readmissions, we chose the global clinical impression

Table 4.

(Surprise Question) of treating clinicians (14). Although
this approach is not standardized, it seemed to truly select for
high-risk patients with stage 2 AKI, because their rehospitalization and mortality rates were comparable with, or
higher than, participants with stage 3 AKI (Supplemental
Table 4).
In conclusion, our intervention—which included real-time
AKI diagnosis, in-hospital education, case management, and
expedited nephrology follow-up—was feasible and was
associated with improvement in outcomes in survivors of
high-risk AKI. Our interventions were clearly deﬁned and
should be reproducible in future studies. Our enrollment
rates and patient retention rates were much more robust

Factors associated with 30-day and 90-day rehospitalization or mortality on multivariable logistic regression

Variables
Participation in AKI
rehabilitation clinic
Age (years)
Male versus female
Non-Hispanic White
versus another race
Stage 3 versus stage 2
AKI
Charlson Comorbidity
Index
Length of stay (d)
Dialysis received
during admission
Discharge eGFR (ml/
min per 1.73 m2)
ICU admission
CHF in discharge
diagnoses
Admissions within
1-year before index
Discharge disposition
Rehabilitation
versus home
SNF versus home
LTACH versus
home

30-Day
Rehospitalization or
Mortality, OR (95% CI)

P Value

90-Day
Rehospitalization or
Mortality, OR (95% CI)

P Value

0.41 (0.16 to 0.93)

0.04

0.52 (0.25 to 1.05)

0.07

0.98 (0.97 to 1.0)
1.14 (0.69 to 1.64)
1.65 (0.51 to 6.83)

0.05
0.78
0.43

0.98 (0.96 to 0.99)
1.18 (0.79 to 1.77)
0.86 (0.28 to 2.63)

0.006
0.41
0.78

0.96 (0.56 to 1.56)

0.82

0.85 (0.53 to 1.37)

0.51

1.14 (1.06 to 1.22)

0.0004

1.16 (1.08 to 1.24)

0.0001

0.99 (0.97 to 1.01)
1.02 (0.34 to 2.15)

0.44
0.76

0.997 (0.98 to 1.02)
0.53 (0.22 to 1.27)

0.72
0.16

0.999 (0.99 to 1.01)

0.55

0.996 (0.99 to 1.00)

0.33

1.07 (0.68 to 1.80)
0.74 (0.45 to 1.20)

0.68
0.20

0.90 (0.57 to 1.41)
0.81 (0.5 to 1.30)

0.63
0.39

0.42 (0.06 to 2.26)

0.29

0.12 (0.01 to 0.88)

0.08

0.76 (0.28 to 1.89)

0.58

1.16 (0.51 to 2.55)

0.72

1.89 (1.12 to 3.21)
3.4 (1.45 to 8.04)

0.02
0.005

1.82 (1.10 to 3.02)
4.1 (1.75 to 10.19)

0.02
0.64

OR, odds ratio; ICU, intensive care unit; CHF, congestive heart failure; SNF, skilled nursing facility; LTACH, long-term acute care
hospital.
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when compared with other studies. Given the paucity of
interventional studies in this patient population, we believe
these encouraging ﬁndings deserve further study as part of a
randomized controlled trial.
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Supplemental Table 1: Hierarchy for determining baseline reference creatinine.

Creatinine values available prior to admission
Preference 1 3 or more outpatient values available in 365
days prior to admission (PTA)
Preference 2 2 outpatient values available in 365 days PTA
+ some prior inpatient values

Preference 3 1 or fewer outpatient creatinine values in 365

Reference creatinine
Mean of all outpatient
creatinine values
Mean of 2 outpatient values
and lowest inpatient
creatinine from prior
admissions

Mean of any outpatient

days PTA but more outpatient values available

creatinine values available in

within 18 months PTA

18 months prior to admission

Preference 4 No outpatient creatinine values in 18 months
PTA but patient had prior inpatient admissions

Mean of 3 lowest inpatient
creatinine values over the
past 18 months

Preference 5 No prior inpatient or outpatient creatinine
available

Creatinine at admission or as
determined by nephrologist

3

Supplemental Table 2. Comparison of groups before and after propensity score matching
Non-participants

Age
Length of stay
Charlson comorbidity index
Discharge eGFR
Gender = Male n (%)
Race= White n (%)
Admissions in prior year n
(%)
Discharge disposition n (%)
Home
Rehab
SNF
Dialysis as inpatient n (%)
CHF diagnosis n (%)
ICU stay n (%)
AKI stage= stage 3 n (%)

Age
Length of stay
Charlson comorbidity index
Discharge eGFR
Gender = Male n (%)
Race= White (%)
Admissions in prior year (%)
Discharge disposition (%)
Home
Rehab
SNF
Dialysis as inpatient n (%)
CHF diagnosis n (%)
ICU stay n (%)
AKI stage= stage 3 n (%)

400
63.60 (17.05)
12.89 (12.41)
5.93 (3.82)
53.95 (34.74)
216 (54.0)
384 (96.0)
6 (1.5)

Original Cohort
Participants
Standardized Mean
Difference
52
63.42 (14.39)
0.011
10.06 (7.37)
0.277
5.69 (4.08)
0.06
32.22 (25.39)
0.714
30 (57.7)
0.074
52 (100.0)
0.289
1 (1.9)
0.033

187 (46.8)
32 (8.0)
134 (33.5)

40 (76.9)
4 (7.7)
8 (15.4)

0.77

36 (9.0)
123 (30.8)
205 (51.2)
131 (32.8)

6 (11.5)
10 (19.2)
17 (32.7)
44 (84.6)

0.084
0.268
0.383
1.239

After propensity score matching
Non-participants
Participants
Standardized Mean
Difference
45
45
62.76 (15.41)
63.69 (14.99)
0.061
11.93 (9.34)
10.53 (7.77)
0.163
5.58 (3.35)
5.89 (4.33)
0.08
37.93 (29.50)
35.01 (26.14)
0.105
29 (64.4)
25 (55.6)
0.182
45 (100.0)
45 (100.0)
<0.001
0 (0.0)
1 (2.2)
0.213
31 (68.9)
4 (8.9)
10 (22.2)

33 (73.3)
4 (8.9)
8 (17.8)

0.113

7 (15.6)
5 (11.1)
18 (40.0)
39 (86.7)

6 (13.3)
9 (20.0)
17 (37.8)
37 (82.2)

0.063
0.247
0.046
0.123

All values indicate mean and standard deviation unless otherwise indicated
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Supplemental Table 3. Rehospitalization and mortality outcomes of propensity scorematched AKI rehabilitation program participants and non-participants
Outcome

Participants
N=45
8 (17.8%)

Non-participants
N= 45
14 (31.1%)

p-value

30-day rehospitalization

7 (15.6%)

12 (26.7%)

0.30

30-day mortality

1 (2.2%)

2 (4.4%)

-

90-day rehospitalization
or mortality

21 (46.7%)

26 (57.8%)

0.4

90-day rehospitalization

15 (33.3%)

17 (37.8%)

0.22

3 (6.7%)

7 (15.6%)

0.31

30-day rehospitalization
or mortality

90-day mortality

0.22

5

Supplemental Table 4: Characteristics of stage 2 and stage 3 AKI patients in the AKI
rehabilitation program
Characteristics

Stage 3
n = 44
61.6 (13.6)

Stage 2
n=8
73.5 (15.1)

Female
Male

16 (36%)
28 (64%)

6 (75%)
2 (25%)

Caucasian
Hispanic

42 (95%)
2 (5%)
10.4 (7.5)

8 (100%)

34 (77%)
4 (9%)
6(14%)

6 (75%)
0 (0%)
2 (25%)

4.9 (4.0)

6 (3.8)

35.7 (25.9)

13.1 (7)

Inpatient dialysis/ CRRT

6 (14%)

0

ICU stay during admission

16 (36%)

1 (13%)

25 (57%)
19 (43%)

6 (75%)
2 (25%)

30-day mortality

1 (2%)

0 (0%)

30-day rehospitalization

4 (9%)

3 (38%)

30-day mortality or rehospitalization

5 (11%)

3 (38%)

90-day mortality

3 (7%)

0 (0%)

90-day rehospitalization

11 (25%)

4 (50%)

90-day mortality or rehospitalization

12 (27%)

4 (50%)

Age
Gender

Race

Length of stay

8.1 (6.5)

Discharge disposition
Home
Acute rehab
SNF
Charlson Comorbidity Index
Discharge eGFR

Type of admission
Medical
Surgical
Outcomes
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Supplemental Table 1: Hierarchy for determining baseline reference creatinine.

Creatinine values available prior to admission
Preference 1 3 or more outpatient values available in 365
days prior to admission (PTA)
Preference 2 2 outpatient values available in 365 days PTA
+ some prior inpatient values

Preference 3 1 or fewer outpatient creatinine values in 365

Reference creatinine
Mean of all outpatient
creatinine values
Mean of 2 outpatient values
and lowest inpatient
creatinine from prior
admissions

Mean of any outpatient

days PTA but more outpatient values available

creatinine values available in

within 18 months PTA

18 months prior to admission

Preference 4 No outpatient creatinine values in 18 months
PTA but patient had prior inpatient admissions

Mean of 3 lowest inpatient
creatinine values over the
past 18 months

Preference 5 No prior inpatient or outpatient creatinine
available

Creatinine at admission or as
determined by nephrologist
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Supplemental Table 2. Comparison of groups before and after propensity score matching
Non-participants

Age
Length of stay
Charlson comorbidity index
Discharge eGFR
Gender = Male n (%)
Race= White n (%)
Admissions in prior year n
(%)
Discharge disposition n (%)
Home
Rehab
SNF
Dialysis as inpatient n (%)
CHF diagnosis n (%)
ICU stay n (%)
AKI stage= stage 3 n (%)

Age
Length of stay
Charlson comorbidity index
Discharge eGFR
Gender = Male n (%)
Race= White (%)
Admissions in prior year (%)
Discharge disposition (%)
Home
Rehab
SNF
Dialysis as inpatient n (%)
CHF diagnosis n (%)
ICU stay n (%)
AKI stage= stage 3 n (%)

400
63.60 (17.05)
12.89 (12.41)
5.93 (3.82)
53.95 (34.74)
216 (54.0)
384 (96.0)
6 (1.5)

Original Cohort
Participants
Standardized Mean
Difference
52
63.42 (14.39)
0.011
10.06 (7.37)
0.277
5.69 (4.08)
0.06
32.22 (25.39)
0.714
30 (57.7)
0.074
52 (100.0)
0.289
1 (1.9)
0.033

187 (46.8)
32 (8.0)
134 (33.5)

40 (76.9)
4 (7.7)
8 (15.4)

0.77

36 (9.0)
123 (30.8)
205 (51.2)
131 (32.8)

6 (11.5)
10 (19.2)
17 (32.7)
44 (84.6)

0.084
0.268
0.383
1.239

After propensity score matching
Non-participants
Participants
Standardized Mean
Difference
45
45
62.76 (15.41)
63.69 (14.99)
0.061
11.93 (9.34)
10.53 (7.77)
0.163
5.58 (3.35)
5.89 (4.33)
0.08
37.93 (29.50)
35.01 (26.14)
0.105
29 (64.4)
25 (55.6)
0.182
45 (100.0)
45 (100.0)
<0.001
0 (0.0)
1 (2.2)
0.213
31 (68.9)
4 (8.9)
10 (22.2)

33 (73.3)
4 (8.9)
8 (17.8)

0.113

7 (15.6)
5 (11.1)
18 (40.0)
39 (86.7)

6 (13.3)
9 (20.0)
17 (37.8)
37 (82.2)

0.063
0.247
0.046
0.123

All values indicate mean and standard deviation unless otherwise indicated
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Supplemental Table 3. Rehospitalization and mortality outcomes of propensity scorematched AKI rehabilitation program participants and non-participants
Outcome

Participants
N=45
8 (17.8%)

Non-participants
N= 45
14 (31.1%)

p-value

30-day rehospitalization

7 (15.6%)

12 (26.7%)

0.30

30-day mortality

1 (2.2%)

2 (4.4%)

-

90-day rehospitalization
or mortality

21 (46.7%)

26 (57.8%)

0.4

90-day rehospitalization

15 (33.3%)

17 (37.8%)

0.22

3 (6.7%)

7 (15.6%)

0.31

30-day rehospitalization
or mortality

90-day mortality

0.22

5

Supplemental Table 4: Characteristics of stage 2 and stage 3 AKI patients in the AKI
rehabilitation program
Characteristics

Stage 3
n = 44
61.6 (13.6)

Stage 2
n=8
73.5 (15.1)

Female
Male

16 (36%)
28 (64%)

6 (75%)
2 (25%)

Caucasian
Hispanic

42 (95%)
2 (5%)
10.4 (7.5)

8 (100%)

34 (77%)
4 (9%)
6(14%)

6 (75%)
0 (0%)
2 (25%)

4.9 (4.0)

6 (3.8)

35.7 (25.9)

13.1 (7)

Inpatient dialysis/ CRRT

6 (14%)

0

ICU stay during admission

16 (36%)

1 (13%)

25 (57%)
19 (43%)

6 (75%)
2 (25%)

30-day mortality

1 (2%)

0 (0%)

30-day rehospitalization

4 (9%)

3 (38%)

30-day mortality or rehospitalization

5 (11%)

3 (38%)

90-day mortality

3 (7%)

0 (0%)

90-day rehospitalization

11 (25%)

4 (50%)

90-day mortality or rehospitalization

12 (27%)

4 (50%)

Age
Gender

Race

Length of stay

8.1 (6.5)

Discharge disposition
Home
Acute rehab
SNF
Charlson Comorbidity Index
Discharge eGFR

Type of admission
Medical
Surgical
Outcomes

