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Associations between abrupt transition, R

dialysis-requiring AKI, and early mortality
in ESKD among U.S. veterans

Raymond K. Hsu"", Anna D. Rubinsky?, Michael G. Shlipak®, Kirsten L. Johansen*, Michelle M. Estrella'~,
Benjamin J. Lee®’, Carmen A. Peralta*® and Chi-yuan Hsu'

Abstract

Background Mortality is high within the first few months of starting chronic dialysis. Pre-ESKD trajectory of kidney
function has been shown to be predictive of early death after dialysis initiation. We aim to better understand how two
key aspects of pre-dialysis kidney function—an abrupt transition pattern and an episode of dialysis-requiring AKI (AKI-
D) leading directly to ESKD—are associated with early mortality after dialysis initiation.

Methods We extracted national data from U.S. Veterans Health Administration cross-linked with the United States
Renal Data System (USRDS) to identify patients who initiated hemodialysis during 2009-2013. We defined abrupt tran-
sition as having a mean outpatient eGFR > 30 ml/min/1.73m? within 1 year prior to ESKD. AKI-D was identified using
inpatient serum creatinine measurements (serum Cr increase by at least 50% from baseline) along with billing codes
for inpatient receipt of dialysis for AKI within 30 days prior to the ESKD start date. We used multivariable proportional
hazards models to examine the association between patterns of kidney function prior to ESKD and all-cause mortality
within 90 days after ESKD.

Results Twenty-two thousand eight hundred fifteen patients were identified in the final analytic cohort of Veterans
who initiated hemodialysis and entered the USRDS. We defined five patterns of kidney function decline. Most (68%)
patients (N=15,484) did not have abrupt transition and did not suffer an episode of AKI-D prior to ESKD (refer-

ence group). The remaining groups had abrupt transition, AKI-D, or both. Patients who had an abrupt transition
with (N=503) or without (N=3611) AKI-D had the highest risk of early mortality after ESKD onset after adjustment
for demographics and comorbidities (adjusted HR 2.10, 95% ClI 1.66-2.65 for abrupt transition with AKI-D; adjusted
HR 2.10, 95% Cl 1.90-2.33 for abrupt transition without AKI-D). In contrast, patients who experienced AKI-D with-
out an abrupt transition pattern (N= 2141 had only a modestly higher risk of early death (adjusted HR 1.19, 95% Cl
1.01-1.40).

Conclusions An abrupt decline in kidney function within 1 year prior to ESKD occurred in nearly 1 in 5 incident
hemodialysis patients (18%) in this national cohort of Veterans and was strongly associated with higher early mortality
after ESKD onset.
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Background

High death rates within the first few months after start-
ing chronic dialysis is a significant problem in the U.S.
and worldwide [1-4]. According to data from the United
States Renal Data System (USRDS), in the first two
months after starting chronic hemodialysis, all-cause
mortality reaches as high as 200/1000 and 600/1000
patient-years among patients aged below and above 65
years respectively [5].

Older studies investigating risk factors for mortality
early after maintenance dialysis initiation did not have
available information about pre-dialysis clinical course
[1-4]. In the past decade however, it has become clear
that patients’ pre-dialysis kidney function trajectory as
they transition to ESKD is important to their early prog-
nosis with ESKD. Specifically, higher mortality rates have
been observed among those patients who transition to
ESKD after hospitalized dialysis-requiring acute kidney
injury (AKI-D) [6, 7], or after abrupt transition caused by
rapidly declining kidney function preceding the start of
dialysis [8—12].

These two subgroups of patients presumably overlap
partially, since some patients who transition to ESKD
abruptly presumably did so because of AKI-D [9]. But
previous studies have not evaluated for differences in
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prognosis among those who transition abruptly with
or without AKI-D; nor have studies defined the relative
sizes of these subpopulations. To fill these gaps in the
literature, we conducted the current analysis using U.S.
national data from the Veterans Health Administration
(VHA).

Methods

Study population

We used data from the VHA and cross-linked with the
USRDS to identify all adult Veterans (age 18 or older)
who initiated hemodialysis for ESKD from October
1, 2009 to September 30, 2013. Only incident hemo-
dialysis patients were included. We chose to exclude
ESKD patients who initiated peritoneal dialysis or
received a kidney transplant, as rates and determinants
of death may differ by modality. We excluded patients
for whom there were no outpatient serum creatinine
measurements within 7-365 days prior to the ESKD
start date, as we needed to establish the pre-dialysis
mean outpatient eGFR within that time frame. This
approach also ensured that the final analytic cohort
consisted of patients who were obtaining some clini-
cal care at the VA. Figure 1 illustrates the derivation of
our study population.

HD start 2009-2013

72,800 veterans in USRDS with new

Exclusions:
> + Prior ESKD (HD, PD, or transplant) before 2009
* HD not first modality during 2009-2013
\ 4
49,349 veterans |
Exclusions:
s °* Lack of outpatient serum creatinine within VA within 1 year
- prior to ESKD start date
v « Died during hospitalization which included ESKD start date
22,818 veterans |
\ 4 \L v \} \V
Group 1 Group 2 Group 3 Group 4 Group 5
No Abrupt Transition No Abrupt Transition No Abrupt Transition Abrupt Transition Abrupt Transition
No AKI-D AKI-D with 1 Cr > 50% AKI-D but 1Cr < 50% No AKI-D AKI-D with 1 Cr > 50%
N = 15,484 N =2141 N = 1076 N = 3611 N =503
' v
Group 6
Final Analytic Cohort Abrupt Transition
AKI-D but 1Cr < 50%
22,815 veterans N=3
Excluded from Analysis

Fig. 1 Derivation of study population and delineation based on patterns of transition. USRDS: United States Renal Data System. ESKD: end-stage
kidney disease. HD: hemodialysis. PD: peritoneal dialysis. AKI-D: dialysis-requiring acute kidney injury. Cr: creatinine
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Written informed consent was waived by the Univer-
sity of California, San Francisco (UCSF) Institutional
Review Board, who waived the informed consent due to
the retrospective nature of the study (IRB No. 15-17546).
All methods were carried out in accordance with IRB
guidelines.

Definition of abrupt transition based on observed
pre-dialysis mean eGFR values

Pre-dialysis mean outpatient eGFR values (from within
7-365 days prior to ESKD) were derived from the
observed serum creatinine measurements taken at a VA
facility, excluding measurements during acute care hospi-
talizations or emergency department visits [13]. “Abrupt
transition” is defined as having pre-dialysis mean eGFR
of >30 ml/min/1.73m? calculated from observed data
within the 7-365 day period. We adopted this definition
based on prior studies and data suggesting that this cutoff
as a predictor of post-dialysis mortality [14, 15].

Definition of hospitalized dialysis-requiring AKI (AKI-D)
leading to ESKD

Hospitalized cases of AKI-D are those that met all of
the following criteria: VA acute care hospitalization that
lasted at least 24 h, receipt of dialysis during admission
(captured using ICD-9 procedure code 39.95 or Cur-
rent Procedural Terminology (CPT) codes 90935, 90937,
90945, 90947 and 90999 [16-18]), and a rise in serum
creatinine during the hospitalization by 0.3 mg/dL or by
at least 50% relative to the pre-hospitalization baseline
creatinine [19] calculated as the mean outpatient creati-
nine between 7 to 365 days before each hospitalization
[20]. In order for AKI-D to qualify as directly leading
to ESKD, the ESKD start date listed in USRDS must fall
within the AKI-D hospitalization dates or within 30 days
after AKI-D hospital discharge.

This definition of AKI based on serum creatinine is
the same as that used in the National Institute of Health
sponsored ASsessment, Serial Evaluation, and Subse-
quent Sequelae of Acute Kidney Injury (ASSESS-AKI)
study [21]. However, it is possible that those who only
met the 0.3 mg/dL definition are actually patients with
progressive CKD who had an inpatient dialysis start for
ESKD. We thus separated out the AKI-D individuals with
a>50% rise in creatinine from those without.

Primary predictor: patterns of transition to ESKD

Based on the components described above, the study
population could be divided into the following 6 sub-
groups (Fig. 1) based on the pattern of transition to
ESKD:
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(1) No abrupt transition (mean outpatient eGFR<30
ml/min/1.73m2) and no AKI-D (reference group):
N=15,484

(2) No abrupt transition (mean outpatient eGFR <30
ml/min/1.73m2) but experienced AKI-D with >50%
rise in serum creatinine during AKI-D episode:
N=2141

(3) No abrupt transition (mean outpatient eGFR <30
ml/min/1.73m2) but met definition of AKI-D
with>0.3 mg/dL (but<50%) rise in serum creati-
nine during AKI-D episode: N=1076

(4) Abrupt transition (mean outpatient eGFR>30 ml/
min/1.73m2) and no AKI-D: N=3611

(5) Abrupt transition (mean outpatient eGFR>30 ml/
min/1.73m2) and experienced AKI-D with>50%
rise in serum creatinine during AKI-D episode:
N=503.

(6) Abrupt transition (mean outpatient eGFR>30 ml/
min/1.73m2) and met definition of AKI-D with >0.3
mg/dL (but<50%) rise in serum creatinine during
AKI-D episode: N=3.

Owing to the small size of the last group, those three
patients were not included in the final analytic cohort
(Fig. 1). The final analytic cohort thus consisted of
22,815 veterans from the 5 remaining subgroups.

Primary outcome: all-cause 90-day mortality

Our primary outcome was all-cause mortality within 90
days of ESKD start date, ascertained using the VA Vital
Status Files and data from the USRDS.

Covariates

Demographic characteristics included age, sex, and
race/ethnicity. Comorbidities were extracted using ICD-
9-CM diagnostic codes up to 4 years prior to the study
period and included diabetes, hypertension, coronary
disease, peripheral arterial disease, cerebrovascular
disease, chronic lung disease, moderate to severe liver
disease. Most recent body mass index (BMI) calculated
from weight and height, and mean outpatient systolic
blood pressure (SBP) within one year prior to dialysis
initiation were also extracted from VA data sources.

We additionally ascertained the following care practice
variables for exploratory analyses. VA care was defined as
the number of outpatient visits to any VA facility within
the past year prior to ESKD. CKD care was defined as the
number of nephrology visits within the four years prior
to ESKD. Vascular access was defined according to the
first access used for maintenance hemodialysis as listed
in the USRDS Medical Evidence files.
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Statistical analysis
We used Cox models to determine the association
between the pre-ESKD kidney function trajectory pat-
terns of transition to ESKD and mortality within 90
days. We assessed the proportional hazards assumption
by testing the Schoenfeld residuals, examining plots of
the Schoenfeld residuals over time, examining log-log
plots (graph of the log(-log(survival)) versus log of sur-
vival time, comparing Kaplan—Meier observed survival
curves with predicted curves from the Cox model, and
testing for time-dependent covariates. Plots of the Sch-
oenfeld residuals showed no trend over time, and tests
of Schoenfeld residuals were not statistically signifi-
cant. In addition, examination of log—log plots and plots
of Kaplan—Meier observed vs predicted survival revealed
no evidence of violation of the proportional-hazards
assumption, and tests for time-varying covariates were
not statistically significant.

We designated the reference group as those who tran-
sitioned to ESKD without abrupt transition (i.e., with
a pre-dialysis baseline eGFR<30 ml/min/1.73m?) and
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without a preceding AKI-D event. The final multivaria-
ble adjusted model incorporated demographics, comor-
bidities, BMI, and SBP as covariates.

We also performed exploratory analyses adding
the following care practice predictors to the final
adjusted model: number of nephrology visits within
4 years, number of any VA outpatient visits within
1 year, and first vascular access type to determine
the degree to which these care practice factors may
attenuate associations of transition patterns with
increased risk of early death. These measures of clin-
ical care could be mediators for any observed associ-
ation between abrupt transition or AKI-D and higher
rates of mortality. Analyses were performed using
STATA (TX: Statacorp, LLC).

Results

Among the final analytic cohort of 22,815 patients,
the median age was 69 years old (interquartile range
62-79); 98% were male, 27% were Black, and 6% were
of Hispanic ethnicity. Table 1 shows demographic and

Table 1 Baseline characteristics of incident hemodialysis patients by patterns of transition to ESKD

Overall Cohort Group 1 Group 2 Group 3 Group 4 Group 5
No abrupt transition & No abrupt transition & No abrupt transition & Abrupt transition & Abrupt transition &
Characteristics no AKI-D AKI-D with 4 Cr > 50% AKI-D but N Cr < 50% no AKI-D AKI-D with 4 Cr > 50%
(N = 22,815) (N = 15,484) (N =2141) (N = 1076) (N =3611) (N =503) P-value

Age - mean (SD) 69 (11) 70 (11) 66 (11) 67 (10) 70 (11) 65 (11) <0.01

25-50 97 (4%) 605 (4%) 121 (6%) 40 (4%) 132 (4%) 29 (6%)

51-60 3739 (16%) 2380 (15%) 528 (25%) 225 (21%) 483 (13%) 123 (24%)

61-70 7946 (35%) 5238 (34%) 843 (39%) 437 (41%) 1207 (33%) 221 (44%)

>70 10,203 (45%) 7261 (47%) 649 (30%) 374 (35%) 1789 (50%) 130 (26%)
Female 463 (2%) 308 (2%) 47 (2%) 24 (2%) 75 (2%) 9 (2%) 0.935
Race <0.01

Missing 2337 (10%) 1699 (11%) 103 (5%) 52 (5%) 454 (13%) 29 (6%)

White 13,858 (61%) 969 (60%) 1187 (55%) 581 (54%) 2486 (69%) 335 (67%)

Black 6049 (27%) 4082 (26%) 798 (37%) 424 (39%) 614 (17%) 131 (26%)

Asian/Pacific Islander 417 (2%) 324 (2%) 34 (2%) 13 (1%) 41 (1%) 5(1%)

American Indian 154 (1%) 110 (1%) 19 (1%) 6 (1%) 16 (0%) 3 (1%)
Hispanic Ethnicity 1413 (6%) 932 (6%) 199 (9%) 85 (8%) 169 (5%) 28 (6%) <0.01
Hypertension 21,802 (96%) 14,928 (96%) 2112 (99%) 1071 (100%) 3221 (89%) 470 (93%) <0.01
Diabetes mellitus 15,585 (68%) 10,768 (70%) 1559 (73%) 789 (73%) 2175 (60%) 294 (58%) <0.01
Coronary artery disease 11,985 (53%) 8123 (52%) 1125 (53%) 573 (53%) 1893 (52%) 271 (54%) 0.959
Peripheral arterial disease 6216 (27%) 4115 (27%) 761 (36%) 381 (35%) 813 (23%) 146 (29%) <0.01
Cerebrovascular disease 5200 (23%) 3493 (23%) 608 (28%) 281 (26%) 686 (19%) 132 (26%) <0.01
Chronic lung disease 7254 (32%) 4556 (29%) 880 (41%) 405 (38%) 1169 (32%) 244 (49%) <0.01
Malignancy 4526 (20%) 2911 (19%) 486 (23%) 222 (21%) 741 (21%) 166 (33%) <0.01
Moderate to severe liver disease 452 (2%) 195 (1%) 75 (4%) 16 (1%) 123 (3%) 43 (9%) <0.01
BMI - mean (SD) 30(7) 30(7) 29(7) 29(7) 31(8) 31(8) <0.01
Baseline eGFR <0.01

mean (SD) 22(17) 15 (6) 16 (6) 12 (4) 51(20) 54 (22)

median (IQR) 16 (12-25) 15 (11-19) 15 (12-20) 12 (9-15) 44 (35-62) 46 (35-66)
SBP from past year - mean (SD) 142 (18) 143 (18) 146 (18) 146 (16) 135 (18) 137(18) <0.01
Nephrology visits from past 4 years <0.01

median (IQR) 2(0-10) 3(0-11) 7(2-13) 10 (5-17) 0(0-0) 0(0-4)
Outpatient visits from past year <0.01

median (IQR) 25 (8-54) 23(7-25) 52 (31-81) 48 (29-76) 12 (4-31) 58 (34-100)
First vascular access type <0.01

Fistula 4798 (21%) 4209 (27%) 222 (10%) 292 (27%) 71(2%) 4(1%)

Graft 530 (2%) 460 (3%) 18 (1%) 27 (3%) 25 (1%) 0(0%)

Catheter 16,776 (74%) 10,424 (67%) 1832 (86%) 731 (68%) 3314 (92%) 475 (94%)

Missing/Other 711 (3%) 391 (3%) 69 (3%) 26 (2%) 201 (6%) 24 (5%)

Values are numbers (percentages) unless stated otherwise

Abbreviations: AKI-D dialysis-requiring AKI, Cr creatinine, SD standard deviation, eGFR estimated glomerular filtration rate, /QR interquartile range
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clinical characteristics by pre-ESKD kidney function
trajectory patterns of transition to ESKD.

The largest subgroup was those who transitioned to
ESRD without meeting the criteria for abrupt transition
or any definitions of AKI-D (N=15,484 or 68% of the
analytic cohort)(Group 1). There were 4,114 patients
(18%) who met criteria for abrupt transition; and
2644 patients (12%) who met the definition of AKI-D
with >50% rise in serum creatinine. Only 503 patients
(%) had both abrupt transition and AKI-D.

There were 2175 deaths during the first 90 days after
initiation of chronic hemodialysis, corresponding with
crude all-cause mortality rate of 395 per 1000 patient-
years. In unadjusted models, abrupt patterns of transi-
tion with or without AKI-D were associated with higher
risk of all-cause mortality within 90 days of ESKD start,
compared with the reference group with no abrupt
transition and no AKI-D (hazard ratio [HR] 2.41, 95%
CI 2.19-2.65 for abrupt transition without AKI-D and
2.14, 95% CI 1.71-2.68 for abrupt transition with AKI-
D) (Table 2).

In final models which controlled for demographics
and comorbid conditions (Table 2), similar results were
seen: the presence or absence of AKI-D did not appear
to affect the strengths of associations between abrupt
transition and all-cause deaths within 90 days of ESKD
start (adjusted HR was 2.10 in both the presence and
in absence of AKI-D; both p <0.001). AKI-D itself with-
out abrupt transition had weaker (albeit still statisti-
cally significant) association (adjusted HR 1.19, 95% CI
1.01-1.40).

The strengths of association between abrupt transition
and all-cause deaths were attenuated but remained statis-
tically significant in exploratory analysis (Table 2) which
further adjusted for number of nephrology visits, num-
ber of any VA outpatient visits, and first vascular access
type (adjusted HR was 1.61 without and 1.54 with AKI-D;
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both p<0.001). In these models, the association of AKI-D
only with mortality was mildly attenuated.

Of note, individuals classified as meeting the crite-
ria for AKI-D solely on the basis of a>0.3 mg/dL (but
not>50%) rise in serum creatinine and without abrupt
decline of kidney function (Group 3) actually had a lower
risk of all-cause mortality within 90 days of ESKD start
(unadjusted HR 0.45, 95% CI 0.32-0.61). This asso-
ciation persisted in fully adjusted & exploratory models
(Table 2).

Discussion

In this national study analyzing data from the Veterans
Health Administration (VHA), we characterized distinct
patterns of kidney function decline leading to incident
ESKD and examined the associations between patterns of
transition to ESKD with early mortality after dialysis ini-
tiation. We evaluated the joint contributions to mortal-
ity risk of both the abruptness of kidney function decline,
defined as a mean outpatient eGFR >30 ml/min/1.73m?
in the year prior to ESKD, and the presence of AKI-D
leading directly to ESKD..

We showed that 6255 out of 22815 (27%) in the ana-
lytic cohort met criteria for having abrupt kidney
function decline and/or having experienced AKI-D
including>50% rise in serum creatinine and a new start
of dialysis during a hospital admission immediately pre-
ceding ESKD. This is consistent with published literature
showing that non-linear declines in kidney function are
common prior to ESKD [6—12, 22], in contrast to the ear-
lier paradigm that kidney disease progresses at a uniform
rate [23]. These non-linear progression patterns suggest
that it is often challenging to predict which patients will
develop ESKD over a given time frame. One possible
implication is that policy makers should consider the het-
erogenous natural histories of kidney disease progres-
sion when setting quality metrics such as the proportion

Table 2 90-day mortality in incident hemodialysis patients by patterns of transition to ESKD

Group 1 Group 2

No abrupt transition & No abrupt transition & No abrupt transition & AKI- Abrupt transition & Abrupt transition & AKI-

no AKI-D

(N = 15,484) (N =2141)

Number died within 90 days 1229 170

Hazard ratio for death within 90 days

Unadjusted model (N = 22,815) Reference 1.00 (0.85-1.17)
Fully adjusted model for demographics and Reference 1.19 (1.01-1.40)
comorbidities* (N = 21,274)

Exploratory model: fully adjusted model +

further adjusted for demographics, e — 1.11(0.93-1.32)

comorbidities, CKD care, outpatient VA visits,
and first access type (N = 21,274)

AKI-D with 4 Cr >50%

Group 3 Group 4 Group 5
D but 4 Cr < 50% no AKI-D D with 1 Cr >50%
(N =1076) (N =3611) (N =503) P-value
39 655 82 <0.001
0.45 (0.32-0.61) 2.41(2.19-2.65) 2.14(1.71-2.68) <0.001
0.55 (0.40-0.76) 2.10 (1.90-2.33) 2.10 (1.66-2.65) <0.001

0.62 (0.44-0.86) 1.61 (1.44-1.79) 1.54 (1.21-1.97) <0.001

*Model adjusted for age, sex, race, ethnicity, diabetes, coronary artery disease, peripheral artery disease, cerebrovascular disease, chronic lung disease, malignancy,

moderate to severe liver disease, systolic blood pressure, and body mass index
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of incident ESKD patients starting dialysis with a per-
manent vascular access or having been pre-emptively
referred for kidney transplant.

Comparing our reported distribution of patterns of
transition to ESKD with prior publications is not straight-
forward in part due to differences in case definition. For
example, a prior NIH-funded prospective multicenter
cohort study showed that 9% of incident hemodialy-
sis cases had abrupt decline of kidney function, with
abrupt decline defined as having a mixed-effects model
estimated patient-specific eGFR at 3 months prior to ini-
tiation of hemodialysis therapy of>30mL/min/1.73m?
[10]. A previously published VA analysis reported that
21% of patients experienced an abrupt decline in kidney
function, defined as recorded eGFR at the time of tran-
sition being>50% lower than the eGFR value that was
expected based on a mixed-effect model generated eGFR
trajectory of each individual during the last year before
ESKD [12]. However, those extrapolations assuming lin-
ear declines in eGFR may not be optimal when study-
ing patients with non-linear, abrupt changes in kidney
function; for that reason we only considered observed
eGFR readings. A prior report based on members of a
large integrated healthcare delivery system in Northern
California concluded that 33% of ESKD patients started
dialysis preceded by AKI-D, but AKI-D was defined only
as receipt of new kidney replacement therapy during hos-
pitalization without any requirement for acute changes
in serum creatinine [6]. Finally, in a nationwide study of
Medicare patients, 17% of new patients in dialysis facili-
ties were classified as having had AKI-D, but this clas-
sification was based on administrative data [7, 24]. An
advantage of the current study is that our definition of
AKI-D incorporated actual changes in measured serum
creatinine incorporating pre-hospitalization baseline and
changes during hospitalization.

However, regardless of the exact definitions for abrupt
transition or AKI-D, the consistent observation across
this and prior studies has been that patterns of rapid
pre-ESKD kidney function trajectory are associated with
higher mortality rates after onset of dialysis, compared
with reference groups with patterns of slow gradual
declines in kidney function and mostly outpatient initia-
tion of chronic dialysis. We chose to focus on mortality
within the first three months of dialysis initiation in this
paper in part because Healthy People 2020 [25] has as
an objective to “reduce the number of deaths in dialysis
patients within the first 3 months of initiation of renal
replacement therapy.”

None of the prior publications, however, exam-
ined what proportion of patients classified with abrupt
transition experienced AKI-D. This is in part because
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subdividing may not have been possible in those studies
due to smaller sample size or lack of granular data such
as inpatient serum creatinine values and information
regarding acute dialysis procedures during hospitaliza-
tion. We note that, perhaps a bit surprisingly, AKI-D
as an immediate proximal precipitant to ESKD only
accounted for a minority of those classified as having
abrupt transition (only 503 out of 4114 or 12% when AKI
was defined as >50% rise in serum creatinine).

Importantly, while both abrupt transition and AKI-D
were associated with higher risk of all-cause mortality
within 90 days of ESKD start date when controlling for
demographics and comorbidities, the associations were
stronger for abrupt transition than for AKI-D. The pres-
ence or absence of AKI-D did not appear to affect the
strength of associations between abrupt transition and
all-cause mortality within 90 days of ESKD start (adjusted
HR was 2.10 in the full model regardless (Table 2)). Con-
versely, the presence or absence of abrupt transition
did affect the strength of associations between AKI-D
and all-cause mortality within 90 days of ESKD start
(adjusted HR 2.10 with abrupt transition and 1.19 with-
out (Table 2)). Some have hypothesized that the observa-
tion that incident ESKD patients who experienced AKI-D
have worse outcomes is largely because an acute illness
resulted in the AKI hospitalization and also caused the
higher mortality. Our data suggest this is perhaps a less
important factor than an alternative explanation: AKI-D
patients do worse because they are unprepared for dialy-
sis and start dialysis with a catheter, which is also the case
for patients who transition abruptly even without AKI-D.
In support of this hypothesis, patients meeting the crite-
ria for abrupt transition had fewer pre-dialysis nephrolo-
gist visits and were more likely to use a dialysis catheter
for vascular access (Table 1); adjusting for these differ-
ences attenuated the hazard ratios.

However, adjusting for vascular access and pre-dial-
ysis care did not fully attenuate the associations, sug-
gesting there are other pathways. Another commonality
among abrupt transition patients regardless of pres-
ence or absence of AKI-D is more rapid loss of residual
native kidney function after ESKD onset compared with
patients who gradually progress to ESKD, who will pre-
sumably lose residual function more slowly. Residual
kidney function is associated with mortality in chronic
hemodialysis patients [26—28]. Nevertheless, the impor-
tance of more rigorous and multi-disciplinary care, such
as “low GFR clinics” or “transition units” for advanced
CKD care both before critical illness and after hospital
discharge deserves emphasis, in light of the increased
needs associated with accelerated kidney function
decline.
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The relatively lower risk of death among patients who
did not meet the criteria for abrupt transition but did
meet the definitions of AKI-D based on a>0.3 mg/dL
(but not>50%) rise in serum creatinine was unexpected
(Group 3). The exact reasons for this are unclear, but we
suspect this group represented patients with advanced
CKD, as they had mean pre-dialysis eGFR of 16 mL/
min/1.73m? during the year prior to ESKD (Table 1)).
Therefore, small changes in kidney function resulted
in sufficient increases in serum creatinine to meet the
definition for “AKI but were phenotypically more rep-
resentative of patients with progressive CKD who expe-
rienced inpatient dialysis initiation for ESKD, rather than
“AKI-D”

The strengths of this study include the large sample
size, the nationally representative capture of patients
receiving care in a single system, and the availability of
comprehensive, longitudinal granular laboratory and
clinical data. Because of the frequency of laboratory
measurements, we did not need to assume linear trajec-
tory of kidney function, which some prior papers had
done [10]. We were able to rigorously define AKI-D
using creatinine values and did not rely on diagnostic
codes, which are known to have suboptimal performance
characteristics.

Limitations of the study include the study population,
which was only U.S. Veterans, and therefore the results
may not be generalizable to other patient populations.
The percentage of women was low (2%), although the
absolute number of women (N=463) is still larger than
the absolute number of women in other published stud-
ies [10]. We don’t have a full or definitive explanation
for why abrupt transition (or AKI-D) is a risk factor for
worse outcome after dialysis initiation. It is possible that
factors not fully captured or characterized here-such as
malignancies and treatment for malignancies—explain
both the AKI-D/abrupt transition and the higher rates
of death [8]. We did not have granular data on dialy-
sis prescriptions during AKI-D episodes, such as rate of
ultrafiltration and modality (continuous vs. prolonged
intermittent vs. traditional intermittent) which may
play a role in short and long-term kidney recovery. The
impact of acute dialysis management on kidney and mor-
tality outcomes deserves further exploration in future
studies. We also did not have sufficient data or resources
to determine the etiologies of AKI-D or abrupt transi-
tion to include in the analyses. This is also challenging
as there is no accepted gold-standard methodology to
adjudicate etiology of AKI—including how to reliably dis-
tinguish between pre-renal azotemia and acute tubular
necrosis [29]. Prior studies have shown poor agreement
among adjudicators [30]. Some patients with underlying
CKD who started dialysis and died during hospital stays
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were likely excluded due to lack of entry into USRDS. The
exclusion of this population likely resulted in underesti-
mation of the association between acute kidney func-
tion deterioration and mortality, and the existence of
these patients highlights the importance of considering
conservative, non-dialysis care for those with significant
frailty and other comorbidities such as malignancy.

Conclusions

In conclusion, nearly 1 in 5 incident hemodialysis
patients in this national VA population had an abrupt
pattern of transition to ESKD, and this was strongly asso-
ciated with higher early mortality. AKI-D patients are
only a minority of this subgroup, and surrogates of dialy-
sis preparedness only partially accounted for increased
early mortality. More research is needed to uncover
approaches to improve outcomes (including mortality,
preservation of residual kidney function, kidney recov-
ery, and patient-reported outcomes) in this vulnerable
population.
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