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Abstract

Renal recovery after dialysis-requiring acute kidney injury (AKI-D) is an important clinical and
patient-centered outcome. Here we examined whether the pre-admission proteinuria level
independently influences risk for non-recovery after AKI-D in a community-based population. All
adult members of Kaiser Permanente Northern California who experienced AKI-D between
January 1, 2009 and September 30, 2015 were included. Pre-admission proteinuria levels were
determined by dipstick up to four years before the AKI-D hospitalization and the outcome was
renal recovery (survival and dialysis-independence four weeks and more) at 90 days after initiation
of renal replacement therapy. We used multivariable logistic regression to adjust for baseline
estimated glomerular filtration rate (eGFR), age, sex, ethnicity, short-term predicted risk of death,
comorbidities, and medication use. Among 5,347 adults with AKI-D the mean age was 66 years,
59% were men, and 50% were white. Compared with negative/trace proteinuria, the adjusted odds
ratios for non-recovery (continued dialysis-dependence or death) were 1.47 (95% confidence
interval 1.19-1.82) for 1+ proteinuria and 1.92 (1.54-2.38) for 2+ or more proteinuria. Among
survivors, the crude probability of recovery ranged from 83% for negative/trace proteinuria with
baseline eGFR over 60 mL/min/1.73m? to 25% for 2+ or more proteinuria with eGFR 15-29
mL/min/1.73m2. Thus, the pre-AKI-D level of proteinuria is a graded, independent risk factor for
non-recovery and helps to improve short-term risk stratification for patients with AKI-D.
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Introduction

Dialysis-requiring acute kidney injury (AKI-D) is one of the most severe acute medical
conditions affecting hospitalized patients:2 and is independently associated with increased
short-term mortality and long-term adverse outcomes.2~> Some reports indicate that the
incidence of AKI-D has recently increased as much as 10% per year nationally.6-10
Meanwhile, in-hospital mortality rates among patients with AKI-D have declined,611
suggesting that the overall number of AKI-D survivors is increasing and that outcomes in
this vulnerable population deserve more attention. Existing studies among AKI-D survivors
have reported that up to one-third remain dialysis-dependent at the time of hospital
discharge, of whom 40-80% remain dialysis-dependent at 90 days after initiation of renal
replacement therapy (RRT) and are typically deemed to have end-stage renal disease
(ESRD).LlZ_M

Renal recovery after AKI-D—defined here as return of sufficient native kidney function to
come off dialysis—is a critically important clinical and patient-oriented outcome. Although
a majority of patients with normal baseline renal function eventually recover enough to
come off dialysis if they survive the AKI-D hospitalization,1®> many cases of AKI-D
represent acute kidney injury (AKI) superimposed on chronic kidney disease (CKD), and
these patients may transition directly to ESRD.3:15.16

Predicting the probability of recovery after AKI-D is a common dilemma faced by
physicians (including nephrologists, intensivists, and hospitalists), patients, and patients’
families. The ability to predict recovery accurately would help guide decisions regarding
dialysis access placement (e.g., temporary versus tunneled catheters during the AKI-D
hospitalization, earlier fistula or graft placement after hospital discharge). Improved
prognostic abilities would also influence the timing of outpatient dialysis-chair placement
(which could affect initial hospital length of stay) and guide appropriate counseling for
patients and their families.

However, we currently have limited ability to predict renal recovery in an individual AKI-D
patient.1217 The identification of independent risk factors for non-recovery is the first step
toward improving risk stratification after AKI-D. Reduced baseline estimated glomerular
filtration rate (eGFR) before an AKI-D episode has been consistently shown to predict non-
recovery after AKI-D.3:16 Other selected risk factors that have been implicated include older
age, diabetes mellitus, heart failure, and greater comorbidity burden.12.13.18.19

Recently, there has been increasing recognition of the importance of proteinuria —
independent of eGFR — as a risk factor for kidney-related adverse outcomes,2%-23 and these
associations are consistent even with proteinuria determined semi-quantitatively using urine-
dipstick assessment.24-28 \Whether pre-admission proteinuria level is an independent risk
factor for and helps predict non-recovery after AKI-D is not known. We examined these
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questions in a large, diverse, community-based population to fill this key prognostic
knowledge gap.

Cohort assembly and baseline characteristics

We initially identified 13,213 patients who received RRT in the hospital between January 1,
2009 and September 30, 2015. After excluding patients who were on chronic dialysis before
the index hospitalization, age <18 years, unknown gender, had <12 consecutive months of
membership or drug coverage before the index hospitalization, or had baseline eGFR >150
mL/min/1.73m?2, we had a final analytic cohort of 5,347 AKI-D patients (Figure 1).

Overall, 3,633 (68%) of eligible patients had pre-admission dipstick proteinuria data
available within four years before the AKI-D hospitalization (median 128 days, interquartile
range 35 to 390) (Table 1): 876 (24.1%) had negative or trace proteinuria, 930 (25.6%) had
1+ proteinuria, and 1,827 (50.3%) had =2+ proteinuria. Compared to patients with negative/
trace proteinuria, those with greater proteinuria were more likely to be persons of color, to
be current smokers, and to have lower baseline kidney function, hypertension, diabetes, and
anemia. Those with greater proteinuria were less likely to have documented mitral/aortic
valvular disease, atrial flutter/fibrillation, and cirrhosis.

Outcomes after AKI-D by proteinuria level

In the overall cohort, 3,601 (67.3%) were classified as non-recovery at 90 days after
initiation of acute RRT. Among those who did not recover, 1,542 died while on dialysis or
within 28 days of stopping dialysis.

The crude risk for non-recovery was higher with greater pre-admission proteinuria level:
57.8% (95% ClI: 54.5-61.0%) for negative/trace, 68.8% (95% ClI: 65.8-71.8%) for 1+, and
81.0% (95% ClI: 79.2-82.8%) for =2+ (Table 2 shows results further stratified by eGFR). In
multivariable analyses, compared with negative/trace proteinuria, higher level of pre-
admission proteinuria was associated with a graded, increased adjusted odds of non-
recovery, even after accounting for potential differences in demographic characteristics,
baseline eGFR, comorbidities, short-term predicted mortality,2° and pre-admission
medication use (Figure 2, Supplementary Table 1). The addition of proteinuria to our
multivariable model significantly improved the discrimination of non-recovery after AKI-D,
as demonstrated by changes in the C-statistic, net reclassification improvement, and
integrated discrimination improvement (Table 3).

In a sensitivity analysis that excluded patients with the highest 20% predicted risk of short-
term death, similar findings were observed: adjusted odds ratios were 1.42 (95% CI: 1.12—
1.79) for 1+ proteinuria and 2.06 (95% CI: 1.62-2.61) for =2+ proteinuria as compared with
negative/trace proteinuria. We also performed another sensitivity analysis including only
patients who had dipstick proteinuria measured within one year of the index hospitalization
and obtained similar results: compared to negative/trace proteinuria, adjusted odds ratios
were 1.33 (95% ClI: 1.12-1.57) and 1.74 (95% ClI: 1.48-2.06) for the 1+ and =2+ proteinuria
groups, respectively.
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Finally, crude probabilities for recovery at 90 days among survivors showed an overall trend
toward decreasing probability of recovery with lower baseline eGFR and more baseline
proteinuria (Figure 3, Supplementary Table 2). For example, among AKI-D survivors, the
probability of recovery for those with negative/trace proteinuria was 83.1% among patients
with eGFR >60 mL/min/1.73m? but only 45.5% among those with eGFR 15-29 mL/min/
1.73m2 (Figure 3). Furthermore, for patients with eGFR 15-29 mL/min/1.73m2, probability
of recovery was 45.5% for those with negative/trace proteinuria, 36.4% for 1+ proteinuria,
and 25.3% for =2+ proteinuria (Figure 3). Overall, across all eGFR categories, the adjusted
odds ratio for survival with non-recovery (i.e., alive but remained dialysis-dependent) in
those with =2+ proteinuria compared to negative/trace proteinuria was 2.22 [95% CI 1.72-
2.88] (Table 4).

Discussion

To our knowledge, our study is the first to demonstrate that severity of proteinuria before an
episode of AKI-D is a graded, independent predictor of subsequent non-recovery, even after
adjustment for other potential explanatory factors, including baseline eGFR, age, gender,
race, and other comorbidities as well as short-term predicted risk of death. We also found
that proteinuria significantly improves the discrimination of non-recovery after AKI-D.

We found that more than two thirds of patients did not recover after AKI-D, which is
consistent with previously reported estimates.12:13.30:31 One recent single-center study of
critically ill septic patients with AKI (n=136 for AKI-D) found that dipstick albuminuria
measured within 72 hours after intensive care unit admission was independently associated
with lower rates of recovery (defined as return of serum creatinine to <1.5 times baseline) at
30 days post-discharge.32 However, since proteinuria was measured during the index AKI-D
hospitalization, the alobuminuria detected may be a result of acute medical conditions such as
trauma, febrile illness, and/or sepsis,33-36 and may not represent baseline kidney function
status. Interpretation of these results is further clouded by the fact that AKI itself often
results in increased proteinuria as a manifestation of acute parenchymal damage.37-39

To further aid physicians in counseling AKI-D patients and their families about the chances
for coming off dialysis, we present observed probabilities of recovery conditional on
surviving at 90 days. Reliable prognostic information is important to allow shared decisions
about what care to provide, and the clinical relevance of our findings is more pronounced
when considering only survivors (Figure 3). In our study, crude recovery probabilities for
those with baseline eGFR >45 mL/min/1.73m?2, eGFR 30-45 mL/min/1.73m2, and eGFR
15-29 mL/min/1.73m? were generally consistent with estimates reported in prior studies,
315,16 although there are important differences in the study populations analyzed and
methods: prior publications were based on data more than a decade older than that in our
study and the timeline for assessment of recovery differed for previous studies, which used
the end of hospitalization!® or 30 days after hospital discharge316. We note that taking into
account baseline proteinuria allowed further refinement of risk stratification, particularly for
those with eGFR 15-29 mL/min/1.73m? (the largest eGFR subgroup). The chances of
recovery among survivors in this eGFR stratum was previously reported to be 37%.16 Here,
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we note that chances of recovery among survivors actually ranged from 45.5% for those
with negative/trace proteinuria to 25.3% for those with =2+ proteinuria.

While many previous studies of AKI-D have focused on what happens during the index
hospitalization, including identification of inpatient risk factors for developing AKI-D and
subsequent complications,2:13.18.19.31,40 fey studies have examined the association between
pre-admission patient characteristics and important outcomes among AKI-D patients. One of
our study’s strengths was that it included comprehensive information on non-recovery based
on a regional health system ESRD Treatment Registry3:16:24.41.42 that allowed for
integration of both inpatient and outpatient (both pre- and post-hospital admission) data. Our
study had other strengths. We tracked a large, contemporary sample of >5,000 adults with
AKI-D with broad demographic diversity, and the majority had pre-admission dipstick
proteinuria levels. In addition, in contrast to prior studies that only studied critically ill
patients, our cohort also included hospitalized patients not in intensive care units who
experienced AKI-D in 21 medical centers in Northern California, which increases the
generalizability of our findings, especially given that KPNC members are highly
representative of the Northern California and statewide population.*3 Our approach of
anchoring outcomes from time of RRT initiation enhances our results’ generalizability, since
timing of hospital discharge may be affected by social and systems-based factors unrelated
to the natural history of AKI-D.

Limitations of our study included that we did not have uniform capture of pre-admission
proteinuria or eGFR on all study participants, but we believe this situation is typical for
“real-world” clinical practice and thus does not detract from external validity. Although all
patients were included in all analyses, parameter estimates for those with missing proteinuria
data were not shown, as it is not clear how best to interpret outcomes in those patients.
While we relied on electronic medical records for key data elements, the KPNC data sources
used are much more comprehensive than administrative databases and allow for thorough
characterization of individual patients.*244-54 Although use of urine protein-to-creatinine
ratio (or albumin-to-creatinine ratio) would be a more accurate quantitative measure for
proteinuria than dipstick assessment, these measurements are performed much less often
than dipstick measurements.2! Our findings extend the literature linking dipstick proteinuria
to a broad range of kidney-related adverse outcomes.215556 Another limitation was that we
did not have all the clinical details surrounding the AKI-D admissions, such as etiology of
baseline CKD and indication(s) for RRT initiation (e.g., hyperkalemia, volume overload).
While prior studies suggest that sepsis, surgery, vasopressor use, and mechanical ventilation
may influence recovery after AKI1,57:58 these clinical features are not well-established risk
factors for non-recovery after AKI-D as compared with other characteristics like baseline
eGFR, for example. Etiology of AKI-D was also not available in our dataset, but prior
evaluation of KPNC medical records showed that almost all AKI-D cases were due to causes
consistent with a diagnosis of acute tubular necrosis (such as sepsis, hypotension, and
nephrotoxins); only rarely were cases due to other causes such as glomerulonephritis.3-16:59
Our results regarding outcomes among those with eGFR <15 ml/min/1.73m? should be
interpreted with caution, since at such low levels of kidney function, it is difficult to
distinguish between true superimposed AKI-D versus progression of underlying CKD to the
point of needing RRT. Finally, our results should be validated in other comparable datasets.
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In sum, leading AKI opinion leaders and guidelines have identified renal recovery after
AKI-D as a research area of “serious unmet need, with great potential to benefit
patients.”12:60 |dentification of risk factors for non-recovery is crucial for refining our
abilities to predict recovery, appropriately counsel patients, and improve outcomes for this
vulnerable population. Determining which patients have a reasonable chance of recovery is
important so that their medical treatment can be appropriately tailored to maximize chances
of recovery. For example, there is general consensus that hemodynamic instability associated
with excessive fluid removal on hemodialysis delays or prevents renal recovery.59 It is
therefore particularly important that intra-dialytic hypotension be avoided in AKI-D patients,
who will be increasingly discharged to chronic hemodialysis units in the U.S. as a result of
recent Medicare reimbursement policy changes. Before 2017, Medicare did not reimburse
free-standing chronic hemodialysis facilities for dialysis services provided to AKI-D
patients, which limited the available dialysis options for AKI-D patients otherwise ready for
hospital discharge.6! The Trade Preferences Extension Act of 2015 recently extended
Medicare reimbursement to chronic hemodialysis facilities that dialyze AKI-D patients
beginning January 1, 2017. This timely policy change will allow more AKI-D patients to
receive outpatient dialysis more easily. However, personnel in chronic hemodialysis units
may not be used to caring for AKI-D patients, and several treatment approaches designed for
ESRD patients (such as aggressive stepwise increases in fluid removal as a method to
control blood pressure)®2 may not be appropriate for AKI-D patients who may recover.
Finally, identifying AKI-D patients with a reasonable chance of recovery would be
important to facilitate targeted enrollment into future clinical trials testing interventions to
promote faster and more complete recovery of kidney function.

Source population

The source population was based within Kaiser Permanente Northern California (KPNC), a
large, integrated health care delivery system that currently provides comprehensive care for
>4.1 million members. The KPNC membership is highly representative of the local
surrounding and statewide population.#3 Nearly all aspects of care — including complete
laboratory and RRT data — are captured through KPNC’s electronic medical record system.

This study was approved by institutional review boards at KPNC and the University of
California, San Francisco. A waiver of informed consent was obtained given the nature of
the study.

Study sample

We conducted a retrospective cohort study of all adult (age =18 years) KPNC members who
developed AKI-D between January 1, 2009 and September 30, 2015 and who had =12
consecutive months of health plan membership and pharmacy benefits before the index
hospitalization in order to ensure adequate capture of relevant comorbidities, laboratory
tests, and prescription medication use. We identified cases of AKI-D as having receipt of
acute RRT during hospitalization in the absence of any pre-admission chronic RRT, which
was ascertained through a comprehensive KPNC ESRD Treatment Registry that tracks
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initiation and cessation of RRT treatments and date(s) of renal transplantation.3:16:24.41,42
RRT included receipt of acute peritoneal dialysis, hemodialysis, and hemofiltration that were
identified by /nternational Classification of Diseases, Ninth Revision (ICD-9) procedure
codes (54.98, 39.95) and Current Procedural Terminology codes (90935, 90937, 90945,
90947, 90999). We previously demonstrated the accuracy of these codes for AKI-D across
the spectrum of pre-admission eGFR based on adjudication of medical records by a board-
certified KPNC nephrologist in a random sample of 100 patients (positive predictive value
949).10

Assessment of pre-admission proteinuria level and baseline estimated glomerular filtration

rate

The primary predictor was pre-admission proteinuria level, as reflected by the most recent
outpatient dipstick urinalysis result within four years before the AKI-D hospitalization. The
“negative” (laboratory result 0 mg/dL) and “trace” (laboratory result <30 mg/dL) proteinuria
groups were combined as a reference group and compared to the 1+ and =2+ proteinuria
groups. Patients for whom pre-admission proteinuria level was not available were grouped
and included in analysis as “unknown proteinuria.” Baseline eGFR was calculated using the
CKD-EPI equation®3 based on the most recent outpatient, non-emergency-department serum
creatinine measurement within one year before the AKI-D hospitalization.24 Patients who
had a previous renal transplant were included and analyzed as a “transplant” group.

Non-recovery after AKI-D

Covariates

The primary outcome (chosen a priorf) was non-recovery of kidney function after an episode
of AKI-D. Recovery was defined as being alive and no longer needing RRT for >4
consecutive weeks at 90 days after initiation of acute RRT. We used status at 90 days
because conventionally, patients are considered as having ESRD if they remain dialysis-
dependent for at least 90 days.12 We chose to define recovery such that it could occur during
the initial AKI-D hospitalization or in the outpatient setting after discharge to capture
relevant outcomes comprehensively. We anchored our analysis based on the date of acute
RRT initiation (rather than hospital discharge or some other date) to link it more closely to
the natural history of the AKI episode rather than other extraneous factors. We required that
patients be alive and off dialysis for 24 weeks to reduce misclassification of people who
stopped dialysis due to withdrawal of care.

Demographic characteristics (age, gender, self-reported race/ethnicity) were obtained from
health plan databases.®4-%6 Relevant comorbidities were defined by diagnostic or procedure
ICD-9 codes and supplemented with laboratory test results (e.g., blood glucose), outpatient
vital signs, and/or prescribed medications using electronic health record-based data that was
cleaned and linked at the individual-patient level into the Kaiser Permanente Virtual Data
Warehouse as previously described and validated.#244-54.67 patient vital status was based on
comprehensive information from health plan administrative and clinical databases, member
proxy reporting, Social Security Administration vital status files, and California state death
certificate information.58.69
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Statistical approach

All analyses were conducted using SAS, version 9.3 (Cary, N.C.). Baseline characteristics
were compared across pre-admission proteinuria levels using ANOVA for continuous
variables and XZ tests for categorical variables. We calculated the crude risk (and associated
95% confidence limits) for non-recovery after RRT initiation by pre-admission proteinuria
level.

We next conducted a multivariable logistic regression model evaluating pre-admission
proteinuria level and non-recovery, with adjustment for baseline eGFR, age, gender, race,
ethnicity, smoking status, pre-existing comorbidities (heart failure, coronary heart disease,
prior ischemic stroke, peripheral arterial disease, atrial fibrillation, mitral or aortic valvular
disease, venous thromboembolism, hypertension, diabetes mellitus, dyslipidemia, prior
gastrointestinal bleed requiring hospitalization, thyroid disease, cirrhosis, chronic lung
disease, dementia, and depression), body mass index, short-term mortality score,2° pre-
admission systolic blood pressure, pre-admission high-density and low-density lipoprotein
levels, pre-admission hemoglobin level, pre-admission medication use (angiotensin
converting enzyme [ACE] inhibitors, angiotensin 11 receptor blockers [ARBs], p-blockers,
calcium channel blockers, diuretics, aldosterone receptor antagonists, alpha blockers,
antiarrhythmic agents, nitrates, other vasodilators, non-aspirin antiplatelet agents, low-
molecular-weight heparin, statins, other lipid-lowering agents, anti-diabetic agents, and non-
steroidal anti-inflammatory drugs), and most recent inpatient hemoglobin level and platelet
count before acute RRT initiation.

We assessed the incremental prognostic value of incorporating proteinuria into our logistic
regression model by calculating change in C-statistic, net reclassification improvement, and
integrated discrimination improvement metrics.

We conducted a sensitivity analysis by excluding the patients with the highest 20% predicted
short-term mortality risk (calculated using a validated inpatient mortality scoring system
derived and validated within the KPNC population2®) to ensure that the association between
pre-admission proteinuria level and non-recovery after AKI-D was not primarily driven by
excess mortality. We also conducted a separate sensitivity analysis that included only
patients who had dipstick proteinuria assessed within one year of the index hospitalization.

Finally, we ascertained probabilities for renal recovery among those who survived until =90
days after AKI-D, stratified by baseline eGFR and pre-admission proteinuria level. We also

conducted multivariable polytomous logistic regression for a multi-level composite outcome
of survival and non-recovery.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Patients receiving acute dialysis, Jan. 1, 2009-Sep. 30, 2015
N=13213

EXCLUSIONS

*  Unknown gender (N=5)

<12 months of continuous membership and
m drug coverage prior to index date (N=2133)
o Chronic dialysis prior to index date (N=5654)
e Age under 18 years (N=73)
e Baseline eGFR > 150 (N=1)

A 4

Final analytic cohort of eligible members receiving acute

dialysis during hospitalization
N=5347
Figure 1.
Identification of study cohort containing adults experiencing dialysis-requiring acute kidney
injury.
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Figure 2.

Multivariable-adjusted* association of pre-admission proteinuria level and non-recovery
after dialysis-requiring acute kidney injury.
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Figure 3.
Crude probability of recovery conditional on survival, by baseline estimated glomerular

filtration rate (eGFR, mL/min/1.73m2) and pre-admission proteinuria level. P-values for
pair-wise comparisons to the negative/trace proteinuria group within each eGFR category
are shown.
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