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Objectives: To compare the differences between the Kidney Disease Improving Global
Outcomes (KDIGO) criteria of the 48-hour window and the 7-day window in the diagnosis
of acute kidney injury (AKI) in very elderly patients, as well as the relationship between the
48-hour and 7-day windows for diagnosis and 90-day mortality.

Patients and methods: We retrospectively enrolled very elderly patients (=75 years old)
from the geriatrics department of the Chinese PLA General Hospital between January 2007 and
December 2015. AKI patients were divided into 48-hour and 7-day groups by their diagnosis
criteria. AKI patients were divided into survivor and nonsurvivor groups by their outcomes
within 90 days after diagnosis of AKI.

Results: In total, 652 patients were included in the final analysis. The median age of the cohort
was 87 (84-91) years, the majority (623, 95.6%) of whom were male. Of the 652 AKI patients,
334 cases (51.2%) were diagnosed with AKI by the 48-hour window for diagnosis, while 318
cases (48.8%) were by the 7-day window for diagnosis. The 90-day mortality was 42.5% in
patients with 48-hour window AKI and 24.2% in patients with 7-day window AKI. Kaplan—
Meier curves showed that 90-day mortality was lower in the 7-day window AKI group than in
the 48-hour window AKI group (log rank: P<<0.001). Multivariate analysis by the Cox model
revealed that 48-hour window for diagnosis hazard ratio (HR=1.818; 95% CI: 1.256-2.631;
P=0.002) was associated with higher 90-day mortality.

Conclusion: The 90-day mortality was higher in 48-hour window AKI than in 7-day window
AKT in very elderly patients. The 48-hour KDIGO window definition may be less sensitive. The
48-hour KDIGO window definition is significantly better correlated with subsequent mortality
and is, therefore, still appropriate for clinical use. Finding early, sensitive biomarkers of kidney
damage is a future direction of research.

Keywords: acute kidney injury, AKI diagnosis time, very elderly, short-term mortality

Introduction

Acute kidney injury (AKI), previously termed acute renal failure (ARF), is a common
clinical critical disorder among elderly patients.! AKI has been recognized as a surro-
gate marker of the severity of illness. This complex acute syndrome is closely associ-
ated with both short- and long-term mortality and length of hospital stay, and it is a
predictor of chronic kidney disease (CKD).>® There has been no uniform standard for
the definition and diagnosis of AKI since 10 years ago,® resulting in great discrepan-
cies in the reported incidences of AKI. This heterogeneity of the data has made the
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comparison of various published studies focusing on AKI
difficult and in many cases impossible. Since 2004, at least
three proposals have been put forth to define and stage AKI.
The RIFLE (Risk, Injury, Failure, Loss, and End-Stage Renal
Disease [ESRD]) criteria,’ the first consensus definition, have
been studied in a number of settings and have been validated
by showing that a stepwise relationship exists between AKI
severity and mortality. The Acute Kidney Injury Network
(AKIN) criteria modified RIFLE by incorporating an absolute
increase in serum creatinine (SCr) after the finding that small
increases in SCr of as little as 0.3 mg/dL (26.5 umol/L) and
a time constraint of 48 hours for the diagnosis of AKI were
of prognostic significance.® By considering the changes
in SCr values over the first 48 hours, the sensitivity and
specificity to detect AKI were increased in the AKIN criteria.
However, AKIN criteria could still underestimate AKI in
patients for whom the increase in SCr is slow. The current
definition by Kidney Disease Improving Global Outcomes
(KDIGO) is similar to the AKIN definition, but the time
frame is extended from 48 hours to 7 days.” An elevation
of the SCr level exceeding 26.5 umol/L within 48 hours,
an increase in SCr to 1.5 times the baseline value, which is
known or presumed to have occurred within 7 days before, or
aurine volume of <0.5 mL-kg!-h™! for 6 hours was defined
as AKI. The KDIGO criteria evaluate baseline SCr and,
therefore, can detect AKI in patients with slow increases in
SCr. These criteria provide a simple standardized method
of categorizing AKI, and they have been assessed in several
investigations.'*!* However, the clinical implications of a
48-hour or 7-day window for diagnosing AKI in very elderly
patients are unknown.

Therefore, the goals of the present study were as follows:
1) compare the rates using 48-hour and 7-day windows for
diagnosis of AKI; 2) address the key clinical differences
between the 48-hour or 7-day diagnostic window AKI; and
3) examine the effects of 48-hour and 7-day window diag-
nosis of AKI on short-term mortality.

Patients and methods

We retrospectively analyzed clinical data from very elderly
patients (=75 years of age) who were admitted to the
Geriatrics Department of the Chinese PLA General Hospital
in Beijing, China, between January 1,2007, and December 31,
2015. The study design was approved by the Clinical Ethics
Committee of the Chinese PLA General Hospital, and each
patient provided informed written consent. AKI patients were
divided into 48-hour and 7-day diagnostic window groups
based on the KDIGO criteria. The patients were divided into

survivor and nonsurvivor groups by their outcomes within
90 days after AKI diagnosis.

AKI was diagnosed only by the SCr criterion of the 2012
KDIGO criteria.’ Stage 1 was defined by an increase in SCr of
50%-100% within 7 days or to 26.5 umol/L or even greater
than baseline within 48 hours; stage 2 was defined by an
increase of SCr in 100%—-200% from baseline; and stage 3
was defined by a 200% or more increase in SCr, an increase
to 353.6 umol/L or more, or initiation of renal replacement
therapy. We noted that the analyzed variables included
baseline data and laboratory data. The baseline SCr level
was the most recent stable measurement obtained within
3 months prior to admission with AKI.'*'¢ The peak SCr was
the highest SCr level reached during the episode. Estimated
glomerular filtration rates (eGFRs) were calculated by the
Chronic Kidney Disease Epidemiology Collaboration.'”
Oliguria was defined as urinary output <400 mL/24 hours.

We excluded patients younger than 75 years, those
with previously diagnosed CKD,'® those who stayed in the
hospital for <48 hours, those who underwent fewer than
two SCr examinations, those with missing or incomplete
medical histories, and those who died early within 48 hours
after admission.

Statistical analysis

Continuous variables were presented as mean + SD, or the
median (25%-75% interquartile range), depending on the
variable distribution. Discrete variables are presented as
counts or percentages. Statistical analyses were performed
using SPSS version 17.0 for Windows (SPSS Inc., Chicago,
IL, USA). Between-group comparisons were made using
Student’s #-tests or Mann—Whitney U-test for continuous
variables and with Pearson’s chi-squared or Fisher’s exact
tests for categorical variables. Survival curves were estimated
by the Kaplan—Meier product-limit method and compared
by the Mantel (log-rank) test. Prognostic factors of survival
were identified by the use of the Cox proportional hazards
regression model. A P-value <0.05 was considered to reflect
statistical significance.

Results

Study population
Between January 2007, and December 2015, a total of 3,464
very elderly patients were admitted to the Geriatrics Depart-
ment, and 668 developed AKI during hospitalization.

Of these patients, 10 were excluded for hospital
stays <48 hours and six for missing the data required for
this study, resulting in 652 AKI patients who were suitable
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for the final evaluation. According to the KDIGO definition,
51.2% (334/652) of the elderly patients diagnosed as hav-
ing AKI met the 26.5 umol/L absolute increase criterion,
whereas 48.8% (318/652) of the AKI cases were diagnosed
based on a 50% increase in SCr over 7 days without meet-
ing the 26.5 umol/L absolute increase criterion. The overall
90-day mortality was 33.6% (219/652). The study flow chart
is presented in Figure 1.

Demographic characteristics of AKI

patients

The baseline characteristics of the 652 AKI patients are
shown in Table 1. The median age of the cohort was 87 years.
The median baseline SCr level was 73.0 umol/L, and the
baseline eGFR was 78.4 mL/min/1.73 m?. Using the KDIGO
criteria, 308 patients (47.2%) had stage 1 AKI, 164 (25.2%)
had stage 2, and 171 (26.2%) had stage 3. The predominant
comorbidities were coronary disease in 505 (77.5%), hyper-
tension in 485 (74.4%), COPD in 454 (69.6%), and diabetes
mellitus in 234 (35.8%). Overall, 35 (5.4%) had oliguria,
and 9 (1.4%) of the stage 3 patients required acute dialysis.

3,464 admissions
(age 275)

Clinical characteristics associated with
48-hour or 7-day diagnostic window AKI

As shown in Table 1, comparison of the elderly patients
with 48-hour or 7-day diagnostic window AKI indicated no
significant differences in age (median age: 87 vs 87 years,
P=0.388) or gender (94.3% vs 96.9%, P=0.115). Similarly,
no significant differences were found for preexisting comor-
bidities (coronary disease P=0.488, hypertension P=0.328,
COPD P=0.942, and diabetes mellitus P=0.069) or body
mass index (BMI) level (23.0+3.2 kg/m? vs 23.143.1 kg/m?,
P=0.715). The median SCr level (70 pumol/L vs 76 wumol/L,
P<0.001) and eGFR (80.1 mL/min/1.73 m? vs 77.2
mL/min/1.73 m?, P<<0.001) at baseline were significantly
different between the two groups. Patients with 48-hour
window AKI were more frequently treated surgically (9.3%
vs 4.4%, P=0.014) and suffered less often from nephrotoxic-
ity (6.6% vs 17.6%, P<<0.001). They also had significantly
higher peak SCr (152.1 pumol/L vs 139.4 umol/L, P=0.017)
levels, as well as higher BUN (13.9 mmol/L vs 11.5 mmol/L,
P=0.005) at the time of AKI diagnosis, compared with
patients with 7-day window AKI. Accordingly, patients

1,311 CKD
104 only one SCr examination
301 missing

( 1,711 study patients )

32 no SCr examination

( 1,753 patients were excluded
L 5 hospital stay <48 hours

[ 668 AKI patients (39.0%) j

( 1,043 no AKI (61.0%) ]

( 652 AKI patients )

10 hospital stay <48 hours

( 16 patients were excluded
L 6 missing data

48-hour window
for diagnosis AKI
(n=334) (n=318)

7-day window
for diagnosis AKI

L 90-day follow-up ]

[Survival (n=433)] ( Death (n=219) j

Figure | Flow chart of patient inclusion and exclusion.

Abbreviations: AKI, acute kidney injury; CKD, chronic kidney disease; SCr, serum creatinine.
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Table | Characteristics of patients with 48-hour window and 7-day window AKI

Characteristics AKI patients 48-hour window 7-day window P-value
(n=652) AKI (334,51.2) AKI (318, 48.8)
Age (years) 87 (84-91) 87 (84-90) 87 (84-91) 0.388
Male gender 623 (95.6) 315 (94.3) 308 (96.9) 0.115
BMI (kg/m?) 23.143.2 23.043.2 23.143.1 0.715
Comorbidity
Coronary disease 505 (77.5) 255 (76.3) 250 (78.6) 0.488
Hypertension 485 (74.4) 243 (72.8) 242 (76.1) 0.328
COPD 454 (69.6) 233 (69.8) 221 (69.5) 0.942
Diabetes 234 (35.8) 131 (39.2) 103 (32.4) 0.069
Baseline SCr (umol/L) 73.0 (61.0-84.0) 70.0 (60.0-82.0) 76.0 (65.0-85.0) <0.001
Baseline eGFR (mL/min/1.73 m?) 78.4 (71.2-85.0) 80.1 (71.8-86.0) 77.2 (70.6-83.0) <0.001
Etiology of AKI
Infections 259 (39.7) 141 (42.2) 118 (37.1) 0.183
Hypovolemia 155 (23.8) 80 (24.0) 75 (23.6) 0.912
Cardiovascular events 103 (15.8) 55 (16.5) 48 (15.1) 0.631
Nephrotoxicity 78 (12.0) 22 (6.6) 56 (17.6) <0.001
Surgery 45 (6.9) 31 (9.3) 14 (4.4) 0.014
Others 12 (1.8) 5(1.5) 722 0.504
Parameter at the time of AKI diagnosis
MAP (mmHg) 78t14 77£15 80x13 0.007
Oliguria 35(5.4) 24 (7.2) Il (3.5) 0.035
MV 240 (36.8) 152 (45.5) 88 (27.7) <0.001
Laboratory results at the time of AKI diagnosis
SCr (umol/L) 131.4 (117.5-147.0) 131.3 (116.0-153.0) 131.6 (119.1-143.0) 0.532
Peak SCr (umol/L) 143.7 (124.0-200.0) 152.1 (123.7-227.6) 139.4 (124.0-175.3) 0.017
BUN (mmol/L) 12.6 (8.8-20.9) 13.9 (9.3-22.7) I'1.5(8.6-19.3) 0.005
Uric acid (mmol/L) 364.9 (290.0-467.0) 361.4 (292.9-459.0) 371.1 (284.5-471.5) 0.384
Prealbumin (g/L) 181.0 (140.0-231.0) 168 (131-212) 197 (150-259) <0.001
Albumin (g/L) 34.3+5.5 33.545.3 35.3+5.5 <0.001
Magnesium (mmol/L) 0.9 (0.8-1.0) 0.9 (0.8-1.0) 0.9 (0.8-1.0) 0.001
Calcium (mmol/L) 2.2 (2.1-2.3) 2.2 (2.0-2.3) 22 (2.1-2.4) <0.001
Phosphate (mmol/L) 1.2 (1.0-1.5) 1.2 (0.9-1.5) 1.2 (1.0-1.4) 0.205
Hemoglobin (g/L) 112423 113423 112423 0.688
AKI stage <0.001
| 308 (47.2) 129 (38.6) 179 (56.3)
2 164 (25.2) 86 (25.7) 78 (24.5)
3 180 (27.6) 119 (35.6) 61 (19.2)
Outcome
Dialysis 9 (1.4) 72.1) 2 (0.6) 0.204
Mortality 219 (33.6) 142 (42.5) 77 (24.2) <0.001

Note: Values are n (%), mean + SD or median (interquartile range).

Abbreviations: AKI, acute kidney injury; BMI, body mass index; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; MAP, mean aortic pressure; MV,

mechanical ventilation; SCr, serum creatinine.

with 48-hour window AKI were more likely to require
mechanical ventilation (MV, 45.5% vs 27.7%, P<<0.001) and
to have the presence of low mean arterial pressure (MAP,
7715 mmHg vs 80113 mmHg, P=0.007) and oliguria (7.2%
vs 3.5%, P=0.035). Lower prealbumin levels (168 vs 197 g/L,
P<0.001) and hypoalbuminemia (33.5+5.3 g/L vs 35.3£5.5
g/L, P<<0.001) were more common in patients with 48-hour
window AKI. Patients with 48-hour window AKI presented
higher mortality rates (42.5% vs 24.2%, P<<0.001) and more
frequently exhibited stage 2 and 3 AKI (25.7% vs 24.5%,

35.6% vs 19.2%); there were fewer patients with stage 1 AKI
(38.6% vs 56.3%, P<<0.001; Figure 2).

Influence of 48-hour or 7-day window
AKI on patient short-term outcomes

As shown in Table 1, the 90-day mortality was 42.5% for
patients with 48-hour window AKI and 24.2% for patients
with 7-day window AKI (P<<0.001). Dialysis was necessary in
2.1% of the 48-hour window AKI patients, compared to 0.6%
of the 7-day window AKI (P=0.204) patients. Kaplan—Meier
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Figure 2 Forty-eight-hour window and 7-day window AKI at different KDIGO
stages in patients with AKI.

Abbreviations: AKI, acute kidney injury; KDIGO, Kidney Disease Improving
Global Outcomes.

curves showed significant differences in 90-day mortality
between the two groups (log rank P<<0.001; Figure 3).
Within the AKI groups, the 90-day mortality was better in
the 7-day window AKI group than in the 48-hour window
AKI group (log rank P<<0.001; Figure 3). The separation of
the curves continued throughout the follow-up period, with
an increased probability of death during the follow-up with
increasing days of AKI diagnosis (Figure 4).

Table 2 also shows the relationships between the AKI stage
and the short-term outcomes: increasing AKI severity was
associated with significantly higher 90-day mortality — 8.7%
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Figure 3 Kaplan—Meier survival curves according to 48-hour window and 7-day
window AKI (log-rank test: P<<0.001).
Abbreviation: AKI, acute kidney injury.
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Figure 4 Kaplan—Meier survival curves according to different time windows for
diagnosis of AKI (log-rank test: P<<0.001).
Abbreviation: AKI, acute kidney injury.

instage 1, 30.1% in stage 2, and 61.2% in stage 3. Advanced
AKI stage was associated with worse health outcomes among
patients (P<<0.001 for the three stages).

For both classification systems, 90-day mortality
increased in accordance with staging (both log rank P<<0.001;
Figures 5 and 6). For the 48-hour time window AKI group,
8.5% (12/142) had stage 1, 28.2% (40/142) had stage 2,
and 63.4% (90/142) had stage 3; for the 7-day window
AKI group, 9.1% (7/77) had stage 1, 33.8% (26/77) had
stage 2, and 57.1% (44/77) had stage 3 (data not shown).
Accordingly, the prevalence of 48-hour window AKI was
significantly higher in the death group (64.8% vs 35.2%,
P<0.001; Table 2).

Multivariate analysis by the Cox model revealed that
AKI diagnosis time (=48 hours) was associated with higher
90-day mortality (Table 3). The other independent risk fac-
tors for 90-day mortality included low BMI (HR=0.928;
95% CI: 0.886-0.973; P=0.002), low MAP (HR=0.969;
95% CI: 0.959-0.979; P<<0.001), low prealbumin level
(HR=0.948; 95% CI: 0.920-0.977; P<<0.001), low albumin
level (HR=0.962; 95% CI: 0.930-0.995; P=0.025), infec-
tion (HR=1.374; 95% CI: 1.027-1.840; P=0.033), oliguria
(HR=2.069; 95% CI: 1.341-3.192; P=0.001), BUN level
(HR=1.027; 95% CI: 1.015-1.038; P<<0.001), magnesium
level (HR=2.485; 95% CI: 1.351-4.570; P=0.003), and more
severe AKI stage (stage 2: HR=4.035; 95% CI: 2.381-6.837;
P<0.001; stage 3: HR=7.184; 95% CI: 4.301-11.997;
P<0.001).

Clinical Interventions in Aging 2018:13

submit your manuscript

1155

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Li et al

Dove

Table 2 Comparison of clinical characteristics between elderly AKI survivors and nonsurvivors

Characteristics AKI patients Nonsurvivors Survivors n=433 P-value
(n=652) n=219 (33.6) (66.4)
Age (years) 87 (84-91) 88 (84-90) 87 (84-91) 0.444
Male 623 (95.6) 207 (94.5) 416 (96.1) 0.258
BMI (kg/m?) 23.1£3.2 222428 23.5+3.3 <0.001
Comorbidity
Coronary disease 505 (77.5) 171 (78.1) 334 (77.1) 0.855
Hypertension 485 (74.4) 150 (68.5) 335 (77.4) 0.026
COPD 454 (69.6) 147 (67.1) 307 (70.9) 0.365
Diabetes 234 (35.8) 83 (37.9) 151 (34.9) 0.432
Baseline SCr (umol/L) 73.0 (61.0-84.0) 64.0 (54.0-75.0) 78.0 (66.0-86.0) <0.001
Baseline eGFR (mL/min/1.73 m?) 78.4 (71.2-85.0) 83.6 (76.5-90.0) 76.7 (69.3-81.8) <0.001
Etiology of AKI
Infections 259 (39.7) 116 (53.0) 143 (33.0) <0.001
Hypovolemia 155 (23.8) 53 (24.2) 102 (23.6) 0.621
Cardiovascular events 103 (15.8) 27 (12.3) 76 (17.6) 0.088
Nephrotoxicity 78 (12.0) 12 (5.5) 66 (15.2) 0.001
Surgery 45 (6.9) 9 4.1) 36 (8.3) 0.058
Others 12 (1.8) 2 (0.9) 10 (2.3) 0.251
Parameter at the time of AKI diagnosis
MAP (mmHg) 78t14 71£13 82+13 <0.001
Oliguria 35(5.4) 25 (11.4) 10 (2.3) <0.001
Dialysis 9 (1.4) 6 (27) 3(0.7) 0.117
MV 240 (36.8) 143 (65.3) 97 (22.4) <0.001
Laboratory results at the time of AKI diagnosis
SCr (umol/L) 131.4 (117.5-147.0) 139.0 (122.7-160.6) 128.0 (117.0-141.0) <0.001
Peak SCr (umol/L) 143.7 (124.0-200.0) 211.7 (154.3-319.7) 134.9 (118.8-153.2) <0.001
BUN (mmol/L) 12.6 (8.8-20.9) 21.5 (14.6-32.1) 10.3 (7.8-15.4) <0.001
Uric acid (mmol/L) 364.9 (290.0-467.0) 410.1 (313.5-524.1) 352.0 (281.0-437.6) <0.001
Prealbumin (g/L) 181.0 (140.0-231.0) 142 (110-186) 204 (158-256) <0.001
Albumin (g/L) 34.3+5.5 31.0+4.9 36.0+5.0 <0.001
Magnesium (mmol/L) 0.9 (0.8-1.0) 0.9 (0.8-1.1) 0.9 (0.8-1.0) 0.023
Calcium (mmol/L) 2.2 (2.1-2.3) 2.2 (2.0-2.3) 2.2 (2.1-2.4) 0.120
Phosphate (mmol/L) 1.2 (1.0-1.5) 1.3 (1.0-1.6) 1.2 (1.0-1.4) <0.001
Hemoglobin (g/L) 1 12£23 102423 118+20 <0.001
AKI stage <0.001
| 308 (47.2) 19 (8.7) 289 (66.7)
2 164 (25.2) 66 (30.1) 98 (22.6)
3 180 (27.6) 134 (61.2) 46 (10.6)
AKI diagnosis time <0.001
48-hour window 334 (51.2) 142 (64.8) 192 (44.3)
7-day window 318 (48.8) 77 (35.2) 241 (55.7)

Note: Values are n (%), mean * SD, or median (interquartile range).

Abbreviations: AKI, acute kidney injury; BMI, body mass index; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; MAP, mean aortic pressure; MV,

mechanical ventilation; SCr, serum creatinine.

Discussion

In our study, we performed a retrospective cohort study of
elderly patients to describe the epidemiology of 48-hour and
7-day time windows for diagnosing AKI and the associated
outcomes. Although the KDIGO criteria evaluate baseline
SCr, and the diagnostic window was increased to 48 hours
to enhance sensitivity and can detect AKI in patients with
a slow increase in SCr within 7 days, there is no informa-
tion regarding the incidence and clinical significance of the

48-hour or 7-day window for diagnosing AKI in very elderly
patients. Whether AKI patients with the 7-day window for
diagnosis were associated with short-term prognosis or not
has not yet been reported.

ARF and AKI have traditionally been used to describe
an abrupt decrease in renal function. Many clinical studies
of AKI have been published using different criteria for the
diagnosis and classification of AKI (KDIGO, RIFLE, and
AKIN).!01415 The use of the three systems is an improvement
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Figure 5 Kaplan—-Meier survival curves according to 48-hour window AKI at
different KDIGO stages (log-rank test: P<<0.001).

Abbreviations: AKI, acute kidney injury; KDIGO, Kidney Disease Improving
Global Outcomes.

from the previous use of >30 different classification
systems.’ Recently, Fujii et al reported the epidemiology of
AKI in hospitalized patients using the KDIGO definition and
compared it with the two other previous consensus defini-
tions in a single-center, retrospective, observational study.'
Here, we additionally report a study comparing the two sets
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Figure 6 Kaplan—Meier survival curves according to 7-day window AKI at different
KDIGO stages (log-rank test: P<<0.001).

Abbreviations: AKI, acute kidney injury; KDIGO, Kidney Disease Improving
Global Outcomes.

Table 3 Multivariate Cox regression analysis for 90-day mortality

Risk factor HR 95% CI P-value
BMI 0.928 0.886-0.973 0.002
MAP 0.969 0.959-0.979 <0.001
Prealbumin 0.948 0.920-0.977 <0.001
Albumin 0.962 0.930-0.995 0.025
Infection 1.374 1.027-1.840 0.033
Oliguria 2.069 1.341-3.192 0.001
BUN level 1.027 1.015-1.038 <0.001
Magnesium level 2.485 1.351-4.570 0.003
AKI stage <0.001

Stage | Reference Reference

Stage 2 4.035 2.381-6.837 <0.001

Stage 3 7.184 4.301-11.997 <0.001
AKI diagnosis time 0.004

67 days Reference Reference

3-5 days 1.439 0.916-2.261 0.114

=48 hours 1.818 1.256-2.631 0.002

Abbreviations: AKI, acute kidney injury; BUN, blood urea nitrogen; BMI, body
mass index; HR, hazard ratio; MAP, mean aortic pressure.

of criteria in very elderly patients. In our population, more
than half of the measurements were performed with intervals
of <48 hours (51.2%), which was close to the value reported
in the work by Fujii et al (51.0%).'® Additionally, we found
that a 48-hour window for diagnosing AKI was associated
with higher 90-day mortality (P=0.002), which was not
observed in a previous report.'”

The greater sensitivity of the KDIGO classification
might allow AKI episodes to be recognized earlier and
might make a reduced nonrecognition rate of AKI possible.’
The KDIGO criteria define AKI based on changes in SCr
“calling for at least two measurements over a 48-hour period”
or when “presumed to have occurred within the prior 7 days”.
However, in real clinical settings, not all patients undergo
routine daily SCr measurements because many clinicians
rely on blood tests as needed and not daily. The proportion
of patients with two or more SCr measurements during hos-
pitalization ranged from 25% to 30% in previous reports,
which is much lower than the figure reported in developed
countries (63.2%—67.6%).!2! Even for patients with two
SCr examinations in 7 days, AKI would be missed in 48%
of the patients.?” Therefore, some patients with AKI could
be misclassified as not having AKI.?> One explanation might
be the definition of AKI, which is neither uniformly known
nor accepted in the non-nephrologic community. Although
the KDIGO criteria provide a 48-hour or 7-day window
for diagnosis, these criteria are not commonly used in real
clinical settings.

In this study, nearly 49% of the measurements were per-
formed with intervals of more than 48 hours by baseline SCr
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values, so determining baseline SCr values was important for
diagnosing AKI and determining AKI staging.”*?* In most
studies, there was no baseline SCravailable prior to admission —
arequirement for accurately defining AKI. Several methods
have been proposed to address this conundrum.’ 1) The use of
admission SCr value has been proposed because many patients
already have AKI before admission, and the method of using
SCr level at hospital admission could have been modified by
the acute illness prompting hospitalization and is unlikely to
be representative of the true baseline state. In addition, admis-
sion SCr values might be affected by the hemodynamics or
metabolic status at the time of presentation; thus, it is inap-
propriate to consider this level a baseline for renal function
for study patients.” 2) The lowest SCr level measured during
the hospital stay also has a number of disadvantages. First,
this measurement is, by definition, a retrospective baseline
(the patient’s hospitalization must have ended to identify the
nadir value; therefore, this measurement cannot be used in
daily clinical practice). Second, the nadir SCr value is likely
to be less than the true baseline level, thereby overestimat-
ing the incidence of AKI, especially for elderly patients with
malnutrition.”® 3) A back-calculation of baseline creatinine
using the Modification Diet in Renal Disease equation,
assuming a baseline eGFR of 75 mL/min/1.73 m?, could be
considered. However, such an assumption might be at risk
of overestimating the AKI incidence, especially for patients
with preexisting CKD, which would be common in elderly
patients.?” 4) Finally, premorbid SCr values measured longer
than 7 days before events could be useful. We opted to use
premorbid SCr measurements within 3 months before AKI to
enhance the accuracy of detecting AKI in this elderly cohort.
Multiple studies have validated the utility of this approach.
Chao et al found that SCr measured 90 days before admission
exhibited a very high degree of agreement with reference
baseline SCr values.!'

In this study, the two diagnostic criteria for AKI patients’
90-day mortality were 42.5% for patients with 48-hour win-
dow diagnosis of AKI and 24.2% for patients with 7-day
window diagnosis of AKI. Multivariate analysis by Cox
showed that early and small changes in SCr (48-hour win-
dow for diagnosis) were independent risk factors for 90-day
mortality in the elderly, and an SCr increase of more than
26.5 umol/L was associated with a hazard ratio for death of
1.818 (95% CI: 1.256-2.631). The possible explanations are
as follows: including the adverse effects of decreased renal
function, such as volume overload, anemia, uremia, acidosis,
electrolyte disturbances, and increased risk of infections.’
Other possible reasons in the very elderly include M V-related
complications, poor nutritional status, and more patients in

KDIGO stage 3.2 1) MV is a common and important inter-
vention in the elderly. MV affects systemic and renal blood
flow and can cause hypotension and fluid reactive shock,
affecting renal perfusion by decreasing GFR and reducing
cardiac output and stimulating hormonal and sympathetic
pathways, causing or promoting the development of AKI.%%
2) AKI stage is associated with worse prognosis of AKI
patients,'>?*3% SCr increase is a marker for the disease sever-
ity, and an acute increase in SCr within 48 hours can indicate
more loss of renal function, whereas more severe AKI stages
suggest a worse prognosis, which can indicate that, although
the patient received active treatment earlier, if the severity
of elderly AKI still progresses to KDIGO stage 3, mortality
would increase significantly. 3) Malnutrition (low serum
albumin and low prealbumin) is a common problem in elderly
patients. Several studies of the association between mortality
and nutritional status have found that preexisting malnutrition
is associated with poor outcomes in AKI patients.>!2 A study
of serum prealbumin in elderly patients with AKI found that
the proportion with serum prealbumin <200 g/L with 90-day
mortality was 48.9%, and the mortality with =200 g/L was
only 19.7%.% 4) Although the time of the 48-hour window
for diagnosis is earlier than the 7-day window, it does not
mean that kidney injury occurs early because the SCr level
alone is a relatively late and imprecise biomarker of kidney
dysfunction, which can also lead to a delayed diagnosis,
especially in the elderly population. Therefore, finding early,
sensitive, and reliable biomarkers of kidney injury is a future
direction of research.**

Strengths and limitations

Strengths of this study include the elderly age of the sample, the
use of a consensus definition for AKI diagnosis and stages, and
baseline SCr, being available in the entire sample of included
patients. On the other hand, limitations of this study should be
noted. First, this was a single-center retrospective work, so the
results may not be immediately applicable to other hospitalized
patients. Second, we analyzed data from a veteran’s hospital,
and because most patients were retired elderly males and fewer
females are treated in our hospital. Thus, biased results may
be unavoidable. Third, the definition of AKI in our analysis
was based on SCr levels. We chose not to use the urine output
criteria because these data were incomplete.

Conclusion

The 90-day mortality was higher in 48-hour window AKI
than in 7-day window AKI in very elderly patients. The
48-hour KDIGO window definition may be less sensitive.
The 48-hour KDIGO window definition is significantly better
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correlated with subsequent mortality and is, therefore, still
appropriate for clinical use. Currently, SCr combined with
urine output remains the cornerstone for diagnosing and clas-
sifying AKI; neither of them is perfect as an index for both
defining and classifying AKI because cell damage occurs
earlier than the increase in SCr and decrease in urine output.
Therefore, finding early, sensitive, and reliable biomarkers
of kidney injury is a future direction of research.
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