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ABSTRACT

Objectives Recurrent acute kidney injury (AKI) is a
recognised risk factor for mortality. However, it is unclear
whether the period until AKI recurrence may have a major
factor on patient outcome or not. To explore this issue, we
(1) framed the hypothesis that early recurrence increases
the risk of mortality and (2) evaluated the prognosis of
recurrent AKI cases by setting 21 days as the cut-off
period.

Methods All studied cases were admitted and followed
up at the Kanazawa University Hospital (Kanazawa, Japan)
between 1 November 2006 and 31 October 2007. In

total, 21 939 patients were retrospectively evaluated in
their recurrences of AKI for 2 years and followed up until
31 October 2016. Risks for death were evaluated by the
recurrences of AKI (Analysis 1). Patients who developed
AKl recurrence before 21 days were defined as the early-
recurrence group and the remaining cases as the late-
recurrence group. Risks for death were evaluated by the
two groups (Analysis 2).

Results 510 patients (2.3%) developed the first AKI. Of
these, 151 developed recurrent AKI within 2 years. The
number of early-recurrence cases was 44 and that of
non-recurrence or late-recurrence was 357. A total of

196 cases (38.4%) died, and higher risk for death was
observed in the recurrent AKI group (Analysis 1; p=0.015,
log-rank test). We found that the rate of all-cause mortality
was higher in the early-recurrence group involving 33.8
deaths per 100 person-years, whereas the non-recurrence
or late-recurrence group included only 6.2 deaths per 100
person-years (Analysis 2; p<0.001, log-rank test).
Conclusions Patients experiencing recurrent AKI before
21 days from the first AKI clearly showed a relatively poor
prognosis. Evidently, careful follow-up for at least 21 days
after AKI would be highly useful to detect a recurrence
event, possibly leading to a better prognosis after AKI.

INTRODUCTION

Acute kidney injury (AKI) reportedly is a risk
factor for end-stage kidney disease (ESKD)
and all-cause mortality."™ Although short-
term mortality and the recovery of kidney
function after AKI are serious and critical
issues for each patient, recent studies have

Strengths and limitations of this study

» Few studies have examined the risks related to
short-term recurrent acute kidney injury (AKI) and
prognosis.

» The mean follow-up period was 2.9 years, up to 10
years.

» For detailed analysis of the risks related to the AKI
recurrence, recurrent AKI was classified as early-re-
current and late-recurrent AKI.

» It was unknown whether the observed AKI was a
cause of death or a complication not directly related
to the death.

» A single-centre study might result in low power in
the analysis.

revealed that AKI also affects long-term
mortality for more than several months or
even several years.5_7 Therefore, an under-
standing of the risks of long-term mortality
can potentially prevent an inaccurate prog-
nosis of kidney function and mortality after
AKI.

A key prognostic factor for mortality after
AKI is the severity of the event itself.*"" In
addition, recurrent AKI is reported to be a risk
factor for (1) chronic kidney disease (CKD)
in individuals with transplanted kidneys'? and
(2) ESKD progression and mortality. More-
over, a recent study revealed that the risk of
a second AKI is diverse among AKI survivors
and that the recurrence of AKI is common."
Prevention of recurrent AKI would help
reduce long-term kidney dysfunction and
mortality, suggesting the need for sustained
and careful clinical observation after AKI.

The optimal method of care for patients
after AKI has been under investigation for
some time; at present, a completely defined
optimal protocol does not exist. Certainly,
close observation of patients after AKI may
provide an opportunity to prevent long-term
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Figure 1 Study design. Patients were included and followed

up from acute kidney injury (AKI) onset to 31 October 2016.
In Analysis 2, patients were included and followed from the
21st day of first AKI onset to 31 October 2016.

kidney dysfunction and its sequelae.'* In particular, a
referral to a nephrologist may benefit dialysis-requiring
survivors of an AKI event."” However, the optimal moni-
toring period for patients with AKI after their kidney
injury remains unclear.

In this study, we investigated the clinical features of
patients with recurrent AKI and evaluated the risk factors
for mortality and their relationship with the recurrence
period of AKI.

METHODS

Study population and setting

For this study, an inclusion criterion was that all of the cases
were admitted and followed up at the Kanazawa University
Hospital (Kanazawa, Japan) between 1 November 2006
and 31 October 2007. In total, 123493 blood samples of
21939 patients were collected and retrospectively eval-
uated (figure 1). After excluding maintenance dialysis

21,939 cases who underwent blood test between
November 1 2006 and October 31 2007 were enrolled

120 cases: dialysis

21,309 cases did not meet
the edited inclusion criteria

—>|

A 4

Analysis 1 (n=510)
510 cases occurred AKI
(151 cases: recurrent AKI, 359 cases: non recurrent AKI)

88 cases died within the 21st day of first AKI onset
21 cases changed hospitals

N

Analysis 2 (n= 401)
44 cases: early-recurrence group
357 cases: non- or late-recurrence group

!

108 cases died
139 cases changed hospitals
154 cases were followed until 2016

Figure 2 Flow chart of the study. In total, 21309 cases were
excluded because they did not meet the AKI (acute kidney
injury) criteria defined by KDIGO (Kidney Disease Improving
Global Outcomes). Cases were included in this study at the
occurrence of the first AKI. A total of 160 patients changed
hospitals within 10 years; thus, their outcome was unknown.

8

case, 510 patients (2.3%) with AKI events were finally
detected. Their medical records were collected from the
electronic medical records, and these data included the
following: age, sex, serum creatinine (SCr) level, admis-
sion to the intensive care unit (ICU), cause of first AKI,
comorbidity, medication and mortality. While follow-up
data were collected at 10 years (until 31 October 2016),
recurrent AKI events were detected within 2years from
the first onset of AKI (figure 1). The primary endpoint in
this study was death.

Information about this study was announced to poten-
tial candidates on the Kanazawa University Hospital
website instead of obtaining informed consent from each
patient. All analyses were performed on the condition
of anonymity, and the patients could withdraw from the
study at any point.

Patient and public involvement

The patients were not involved in the design of, recruit-
ment for, or conduct of this study. Development of the
outcome measures was not informed by the priorities,
experiences or preferences of the patients. Contributions
to this study made by the many participants are deeply
appreciated, and the results of this joint effort will be
publicly available to the patients via this publication.

Definition of AKI and recurrent AKI

In accordance with the KDIGO Criteria,16 AKI was defined
as an increase in SCr level by 20.3 mg/dL within 48 hours
from a baseline SCr measurement or an increase in SCr
level by 250% within the prior 7 days. Consistent with
a previous investigation,'” AKI was defined only as an
increase in SCr level in our study. Baseline SCr level was
defined by the most recently available value before AKIL'
Further, recurrent AKI was defined as the re-increase of
SCr levels from the lowest SCr level after the previous
AKI event, following partial or complete recovery. To
avoid misclassification, a decrease in SCr level from their
maximal value at least twice before a recurrent AKI was
considered to have occurred. In particular, increases in
SCr level after renal replacement therapy withdrawal were
not defined as AKI recurrences. Cases that developed
recurrent AKI before 21 days were defined as the early-re-
currence group, and all others that developed recurrent
AKI after 21 days within the 2-year observation period
were placed in the late-recurrence group. In this study, 21
days was used as an assessment period for recurrent AKI
based on the ROC curve (AUC=0.581). We conducted two
analyses. Recurrent AKI was compared with non-recurrent
AKI (Analysis 1); early-recurrence AKI was compared with
non-recurrence or late-recurrence AKI (Analysis 2).

Statistical analysis

The data were prepared as percentages, mean values+SD,
medians (range) or interquartile rankings (IQR). Cate-
gorical variables were analysed using x* or Fisher’s exact
test, whereas continuous variables were compared using
the independent t-test. Cumulative survival was estimated
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Table 1 Baseline characteristics of study population
Recurrent AKI
Non-recurrent AKI (n=359) (n=151) P value
Age (years), median (IQR) 64 (53-73) 60 (44-73) 0.135
Sex (male) 220 (61%) 100 (66%) 0.292
Baseline SCr (mg/dL), median 0.75 (0.56-1.10) 0.88 (0.60-1.16) 0.377
(IQR)
AKI severity (KDIGO)
Stage | 222 (62%) 99 (66%) 0.010
Stage Il 64 (18%) 37 (25%)
Stage Ill 73 (20%) 15 (10%)
Admission to ICU at first AKI 74 (21%) 23 (15%) 0.157
Comorbidities
Hypertension 135 (38%) 62 (41%) 0.464
Diabetes mellitus 80 (22%) 45 (30%) 0.072
Coronary artery disease 41 (11%) 25 (17%) 0.115
CHF 72 (20%) 40 (27%) 0.109
Advanced LD 31 (9%) 26 (17%) 0.005
Malignancy 158 (44%) 94 (62%) <0.001
Drug
Diuretic 143 (40%) 79 (52%) 0.009
ACEi/ARB 79 (22%) 37 (24%) 0.539
Deaths 116 (32%) 80 (53%) <0.001

Il receptor blocker.
Values for continuous variables, as mean +SD deviation.
Conversion factors for serum creatinine in mg/dL to pmol/L,x88.4.

ACEi, ACE inhibitor; AKI, acute kidney injury; ARB, angiotensin; CHF, chronic heart failure; ICU, intensive care unit; KDIGO, Kidney Disease

Improving Global Outcomes; LD, liver disease; SCr, serum creatinine.

by drawing Kaplan-Meier survival curves, and survival
rates were compared using the log-rank test. In Analysis
2, patients were followed from the 21st day of the onset
of first AKI (figure 1). To be classified as early-recurrence
or late-recurrence AKI, the patients had to survive at least
for 21 days from the onset of first AKI; hence, in Analysis
2, considering time bias, we excluded patients who died
before the 21st day. A p value of <0.05 was considered to
indicate a statistically significant difference. SPSS Statis-
tics V.25.0 (Armonk, New York, USA: IBM Corp) was used
for the statistical analysis.

RESULTS

Selection of all 510 patients included in the study was
shown in (figure 2). Baseline characteristics of the
study population are presented in table 1. While 359
cases (70.4%) involved one AKI (non-recurrent AKI),
108 (21.2%) involved two such events. Further, 43 cases
(8.4%) showed recurrent AKI >3 times within our 2-year
observation period. The median period of AKI recur-
rence was 36 days; remarkably, there were no significant
differences in terms of age, sex and baseline SCr levels
between the groups. The proportion of the patients with

AKI stage III in the non-recurrent AKI group (20%) was
significantly higher than that in the recurrent AKI group
(10%) (p=0.010), whereas advanced liver disease, malig-
nancy and use of diuretics were more frequent in the
recurrent AKI group.

The various causes of AKI for our particular patient
group are summarised in table 2. Notably, the propor-
tion of volume depletion (31.5% vs 21.2%, p=0.019)
and cardiac surgery (7.5% vs 2.6%, p=0.036) cases in the
non-recurrent AKI group was significantly higher than
that in the recurrent AKI group. In contrast, the propor-
tion of chronic heart failure (4.7 vs 10.6%, p=0.014)
and chemotherapy (8.9% vs 24.5%, p<0.001) causes was
significantly higher in the recurrent AKI group.

Analysis 1

In total, 196 cases (38.4%) died during our 10-year obser-
vation period. The death group was clearly older than its
surviving counterpart (median: 62 (49-73) vs 64 (53-74)
years, p=0.041), and the stage of AKI was significantly
higher in the death group (p<0.001, data not shown).
The proportion of the patients with AKI stage III was
significantly higher in the non-recurrent AKI group
(p=0.010), but the mortality rate was significantly higher
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Table 2 Causes of first AKI

Non-recurrent AKI

Recurrent AKI

Total (n=510) (n=359) (n=151) P value

Volume depletion 145 (28.4%) 113 (31.5%) 32 (21.2%) 0.019
Sepsis 71 (13.9%) 46 (12.8%) 25 (16.6%) 0.265
Chemotherapy 69 (13.5%) 32 (8.9%) 37 (24.5%) <0.001
Abdominal surgery 47 (9.2%) 34 (9.5%) 13 (8.6%) 0.759
Malignancy 45 (8.8%) 35 (9.7%) 10 (6.6%) 0.256
CHF 33 (6.5%) 17 (4.7%) 16 (10.6%) 0.014
Cardiac surgery 31 (6.1%) 27 (7.5%) 4 (2.6%) 0.036
Advanced LD 16 (3.1%) 10 (2.8%) 6 (4.0%) 0.482
Vascular surgery 11 (2.2%) 10 (2.8%) 1 (0.7%) 0.132
Acute coronary 3 (0.6%) 3 (0.8%) 0 (0%) 0.260
syndrome

Others 39 (7.6%) 32 (8.9%) 7 (4.6%) 0.097

AKI, acute kidney injury; CHF, chronic heart failure; LD, liver disease.

in the recurrent AKI (53.0%) compared with the non-re-
current AKI group (32.3%) (p<0.001). The recurrent
AKI patients also showed different survival curves from
the non-recurrent AKI group (figure 3; p=0.015, log-rank
test) because, somewhat surprisingly, within 5 months, the
non-recurrent AKI group showed a poorer prognosis than
their recurrent AKI counterparts. However, in contrast to
the non-recurrent AKI group, the actual survival rate of
the recurrent AKI group gradually decreased.

Analysis 2

We focused on the observation of patients with recurrent
AKI based on the hypothesis that patients with early recur-
rent AKI do worse. Clinical backgrounds of the early-re-
currence group and non-recurrence or late- recurrence

1.0
p =0.015,
log-rank test
> 0.8
% Non-recurrent AKI
2 o6
g o
S
© Recurrent AKI
2 04
2
=]
(7]
0.2
0.0

0 2 4 6 8 10
Follow-up, time (year)

Figure 3 Survival curve over 10 years (Analysis 1). Survival
curve of the non-recurrent acute kidney injury (AKI) and
recurrent AKI groups over 10 years according to the Kaplan-
Meier method. Differences between the groups were
compared by the log-rank test. Blue line, non-recurrent AKI
group (n=359); red line, recurrent AKI group (n=151).

groups are presented in table 3. Of all 401 patients
included in Analysis 2 (figure 2), 44 cases were early-recur-
rence group, and 357 cases were non-recurrence or late-re-
currence group. In the early-recurrence group, 41 cases
(93.2%) had next AKI before discharge form the hospital.
In the late-recurrence group, 43 cases (44.8%) had next
AKI before discharge from the hospital. The late-recurence
were lower frequency than early-recurrence (p<0.001).
The survival curve analysis of cases with recurrent AKI is
shown in figure 4. The mean survival time was 76.3+2.6
months (95% CI 71.1 to 81.4). As expected, the mortality
rate was significantly higher in the early-recurrence group
compared with non-recurrence or late-recurrence AKI
(p<0.001, log-rank test); in particular, the early-recurrence
group had 33.8 deaths per 100 person-years, whereas the
non-recurrence or late- recurrence group had only 6.2
deaths per 100 person-years. These results suggested that
the early-recurrent AKI was leading to poor prognosis. The
survival curve analysis of each group is shown in online
supplementary figure 1.

The proportion of cases with using diuretics (71% vs 40%,
p<0.001) in the early group was significantly higher than
that in non or late group (table 3). Howeve, there was no
significant difference in cause of the first AKI between the
two groups (table 4).

DISCUSSION

This study indicated the importance of observing patients
with AKI for at least 21 days to best detect recurrent AKI
with poor prognosis. Moreover, as expected, the mortality
rate in the recurrent AKI group was higher than that
for their AKI counterparts. In particular, an early recur-
rence of AKI indicated a particularly poor prognosis.
The findings of this retrospective study indicate that AKI
cases should be monitored for several weeks to prevent
AKI recurrence and improve the mortality rate after AKI.
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Table 3 Characteristics of recurrent AKI patients

Early recurrence

Non-recurrence or
late recurrence

(n=44) (n=357) P value
Age (years), median (IQR) 54 (43-74) 58 (51-72) 0.316
Sex (male) 22 (50%) 227 (64%) 0.080
Baseline SCr (mg/dL), median 0.95 (0.52-1.14) 1.01 (0.79-1.15) 0.681
(IQR)
AKI severity (KDIGO) stage | 32 (73%) 243 (68%) 0.312
stage Il 9 (20%) 60 (17%)
stage lll 3 (7%) 54 (15%)
Admission to ICU at first AKI 10 (23%) 46 (13%) 0.076
Comorbidities 19 (43%) 140 (39%) 0.612
Hypertension
Diabetes mellitus 14 (32%) 87 (24%) 0.283
Coronary artery disease 8 (18%) 51 (14%) 0.491
CHF 11 (25%) 82 (23%) 0.763
Advanced LD 6 (14%) 36 (10%) 0.468
Malignancy 22 (50%) 174 (49%) 0.875
Drug 31 (71%) 143 (40%) <0.001
Diuretic
ACEi/ARB 11 (25%) 95 (27 %) 0.819
Deaths after 21° days from the 26 (59%) 82 (23%) <0.001
first AKI

Il receptor blocker.
Values for continuous variables, as mean +SD deviation.
Conversion factors for serum creatinine in mg/dL to pmol/L,x88.4.

ACEi, ACE inhibitor; AKI, acute kidney injury; ARB, angiotensin; CHF, chronic heart failure; ICU, intensive care unit; KDIGO, Kidney Disease

Improving Global Outcomes; LD, liver disease; SCr, serum creatinine.

10 p <0.001,
log-rank test
08 Non- or late-recurrence AKI
2
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r-}
]
T
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T 04
2
2 Early-recurrence AKI
=]
D o2
0.0

Follow-up, time (year)

Figure 4 Survival curve over 10 years (Analysis 2). Survival
curve of the early-recurrence group and non-recurrence

or late-recurrence groups over 10 years according to the
Kaplan-Meier method. Follow-up was started from the 21st
day of the onset of first acute kidney injury (AKI). Differences
between the groups were compared by the log-rank test.
Blue line, non-recurrence or late-recurrence group (n=357);
red line, early-recurrence group (n=44).

Somewhat paradoxically, within 5 months, the non-recur-
rent AKI group (no recurrence within 2years) showed
a poorer prognosis than the recurrent AKI group. In
remarkable contrast, the mortality rate of the recurrent
AKI group actually decreased over 10 years. In general,
the mortality rate after AKI was reported to be poor during
the initial several weeks, but the rate subsequently showed
almost no change after the initial period.'**' Similar find-
ings have been reported that the poor mortality in the
early phase after AKI lasted approximately 42 days,22 and
our data show similar results. However, the recurrent AKI
group showed different survival curves from the non-re-
current AKI group. Sawhney et al reported that patients
with prior AKI episodes had similar early mortality, but
greater mortality from 6 months onward than patients
without prior episodes.21 It should be noted that the
recurrent AKI episodes gradually worsened the mortality
as compared with the non-recurrent AKI episodes. These
findings would again indicate that recurrent AKI is not a
simple repetition of AKI and that careful observation for
several weeks after AKI is beneficial to improve the accu-
racy of a prognosis after an AKI event. However, there
have been no reports on period for recurrent AKI and
mortality.

Sako K, et al. BMJ Open 2019;9:€023259. doi:10.1136/bmjopen-2018-023259



I

Open access

Table 4 There was no difference in cause of first AKI between two groups

Early recurrence

Non-recurrence or

(n=44) late recurrence (n=357) P value
Volume depletion 12 (27.3%) 94 (26.3%) 0.894
Sepsis 7 (15.9%) 52 (14.6%) 0.812
Chemotherapy 11 (25.0%) 53 (14.8%) 0.083
Abdominal surgery 4 (9.1%) 42 (11.8%) 0.599
Malignancy 1(2.3%) 20 (5.6%) 0.350
CHF 5(11.4%) 19 (5.3%) 0.111
Cardiac surgery 1(2.3%) 26 (7.3%) 0.211
Advanced LD 2 (4.5%) 9 (2.5%) 0.438
Vascular surgery 1 (2.3%) 7 (1.7%) 0.889
Acute coronary syndrome 0 (0%) 3 (0.8%) 0.542
Others 0 (0%) 32 (9.0%) 0.038

AKI, acute kidney injury; CHF, chronic heart failure; LD, liver disease.

The early-recurrence group showed a significantly
poorer prognosis than their non-recurrence or late-re-
currence counterparts. There was a slight difference
(regarding use of a diuretic) in terms of the clinical base-
line characteristics and causes of the first AKI between
the early-recurrence and late-recurrence groups, indi-
cating that it is difficult to make an accurate prognosis
during the first AKI. As further examples of prediction
difficulty, advanced age and low estimated glomerular
filtration rate were reported to be risk factors for AKL,"**
and the intensity of AKI was reported to be a risk factor
for mortality and kidney function after AKL*"" However,
these elements were not reliable predictors of recurrent
AKI in our study. Such findings indicate that recurrent
AKI is not a simple repetition of AKI. In some contrast, a
recent study straightforwardly indicated that patients with
a longer AKI duration, congestive heart failure, decom-
pensated advanced liver disease, cancer with or without
chemotherapy, acute coronary syndrome or volume
depletion were at the highest risk for being hospitalised
with recurrent AKL"? Similar findings were also previously
reported.”**® Recently, Rodriguez et al reported a single-
centre retrospective observational study in Spain about
recurrent AKI. As in previous reports and our results, they
showed poor prognosis in the recurrent AKI group (HR:
4.5 (95% CI 2.7 to 7.5) p<0.001). However, in this report,
the relationship between time to recurrence and prog-
nosis was not shown. Our aim is to show the relationship
between time to recurrence and prognosis. We believe
that the paper does not compete particularly because the
paper did not indicate it. Our report has originality in
this point.*” In our study, we did have the clear result that
approximately 50% of the patients died of a malignant
tumour and 20% developed cardiovascular disease after
AKI. Therefore, the kidney function of cases with these
conditions should be monitored after AKI. However, it
remains unclear how often recurrent AKI occurred in
these cases and how a poor prognosis of early recurrent

AKI could have been predicted in the high-risk group.
In the future, a prospective study with a large number of
cases and use of sensitive biomarkers would be necessary
to detect recurrent AKI.

Limitations

This study has certain limitations. First, the data origi-
nated from a single university hospital in Kanazawa. The
power to lead these results might be small. Second, this
was a retrospective observational study. Because blood
sampling is dependent on clinical requirements, the
interval of blood sampling varied according to each case.
Therefore, we may have missed actual AKI and recurrent
AKI cases. Third, it was difficult to judge whether AKI was
a direct cause of death or an incidental factor because
we could use only the medical records in our hospital.
We could not use the competing risk model to calculate
the HR. Lastly, there remains incomplete evidence that
precisely 21 days is the optimal period to monitor for
the early recurrence in this study. Additional multicentre
and prospective research is required to overcome these
limitations.

CONCLUSIONS
The mortality rate in the recurrent AKI group was found
to be higher than in the non-recurrent AKI group; in
particular, the short-term recurrence of AKI indicated an
especially poor prognosis.

To prevent AKI recurrence and decrease mortality rate
after AKI, AKI cases should be carefully monitored for
several weeks after the injury.
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