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Abstract

Background: Acute Kidney Injury (AKI) has evoked much interest over the past decade and is reported to be
associated with high inpatient mortality. Preventable death and increased readmission rates related to AKI have

been the focus of considerable interest.

Methods: We studied hospital acquired AKI in all emergency hospital admissions, except transfers from ICU to ICU
or patients known to renal services, to ascertain mortality and readmission rates, and trackable modifiable factors
for death, using cox regression and Kaplan Meier survival curves. Data was extracted from the electronic patient
records and a series of case notes reviewed. Admissions were included between April 2006 and March 2010 (and

patients followed up until September 2011).

Results: Overall incidence of AKI was 2.2%, (AKl stage 1, 61%, stage 2,27% and stage 3, 12%). In patients who sustain in-
hospital AKl, 34% die in hospital, 42% are dead at 90 days and 48% at 1 year post discharge, compared to 12% 1 year
mortality in patients without AKI. In multivariable analyses, AKl is an independent risk factor for in-hospital mortality (Hazard
Ratio 1.6: 95% confidence intervals 1.43-1.75: P < 0.001), death within 90 days of discharge (Hazard Ratio 1.5: 95% confidence
intervals 1.3-1.9: P < 0.001) and subsequent mortality beyond 90 days (Hazard Ratio 2.9: 95% confidence intervals 2.7-3.1:

P < 0.001) after adjustment for co-morbidities and peak C-reactive protein.

Thirty percent of the patients who died in the first 90 days post discharge and had AK|, also had malignancy. Readmission
rates at 30 and 90 days were not increased by AK after adjustment for co-morbidities and peak C-reactive protein.

Condlusions: A significant proportion of deaths in the first 90 days post-discharge may not be avoidable, due to malignancy
and other end-stage disease. Readmission rates were not higher in patients who had had AKI.

Background

Acute Kidney Injury (AKI) is a frequent complication of
acute illnesses requiring hospitalisation, affecting approxi-
mately 10% of patients [1] depending on how it is mea-
sured. It is associated with increased morbidity, a doubling
of length of stay (LoS) in hospital [2, 3] and an excess
in-hospital mortality 6-9 times greater than patients with-
out AKI, independent of established co-morbidities [4, 5].
Episodes of AKI have also been associated with increasing
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risks of chronic kidney disease (CKD), stroke and other
cardiovascular events [6, 7].

The data on mortality after surviving an episode of
AKI in unselected inpatient population studies, is limited
[8, 9]. A study from the US Veterans Administration re-
ported that excess mortality risk persists after discharge
and at 1 year is double that of patients without AKI [1].
However, 95.1% of this cohort was male. Other studies
have generally been limited in size and to specific disease
settings [10-14]. The data on readmission rates after an
episode of AKI is even more limited with studies largely
in specific diseases, showing increased readmission rates
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[4, 15-18]. To the best of our knowledge there is no
large scale study examining hospital readmission rates
from European healthcare systems.

With the increasingly widespread use of electronic
patient records (EPR), it may be possible to identify
patients with, or at risk of, AKI as well as associated and
potentially reversible factors [19]. We have previously
shown that systemic inflammation, as determined by C-
reactive protein (CRP), is a major determinant of AKI
[20]. To date no study has examined the relationship
between in-hospital CRP and outcomes post-AKIL

Acute kidney injury is expensive [2] and potentially
preventable [21]. It is therefore a legitimate target for
modification relevant to both improved patient and
health economic outcomes. Despite this, few patients are
subject to specialist review following discharge. There is
a need for evidence to inform whether targeted post-
discharge interventions based upon a history of AKI
would add value to patient care. This includes evidence
regarding readmission and mortality within the first
90 days post-discharge, as arguably this is a period dur-
ing which intervention might reasonably be focussed.
This would have resource implications and evidence
from a contemporary European population is needed to
assess whether intervention might reasonably be ex-
pected to influence outcome.

Our principle questions were therefore whether AKI
in patients not previously followed by a nephrologist,
had similarly high rates of deaths associated with AKI
and whether there were identifiable avoidable deaths.
We also wanted to understand whether readmission
rates in survivors were higher in patients with AKI
where targeted resource allocation may be helpful.

We, therefore, analysed a large, unselected population
in a single UK centre looking at emergency admissions,
in conjunction with parameters available from the EPR
to determine in-hospital mortality, as well as readmis-
sion rates and mortality in the year post discharge after
an episode of AKI. We also examined the causes of
death, including malignancy within 90-days of discharge
in patients who had suffered an episode of AKIL.

Methods

We studied all adult emergency admissions to an urban,
1200 bedded tertiary academic referral centre in the UK,
between April 2006 and March 2010. The institution
admits approximately 42,000 emergency admissions per
year. It is the regional trauma centre and has 100 Inten-
sive Care (ICU) beds; it does not have paediatric or
obstetric and gynaecology services.

Hospital acquired AKI was studied defined on first
and highest creatinines after admission by the propor-
tionate KDIGO classification, parameters that should be
available in all UK hospitals. Baseline kidney function,
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which is currently unknown in many emergency admis-
sions in the UK, was not included in this study. AKI was
defined as a delta change from the first creatinine taken
in the emergency admission. In addition to patients who
did not have AKI on creatinine measurement, patients
were assumed to have no AKI if they had no creatinine
or a single creatinine measured.

All emergency admissions were included except where
patients were previously known to the renal service, or
were transferred directly into ICU from another centre
(Fig. 1). Patients known to nephrologists were excluded
on the basis that their higher risk for AKI is known and
their care already under renal specialists. Readmission
and admission data was analysed for emergency admis-
sion only, no elective admission data was included.

Data collated from EPR included: demography, time-
stamped drug administration (Additional file 1), ICD-10
diagnoses coded at discharge (for definitions of all diagno-
ses via ICD-10 see Additional file 2, infection is an aggre-
gate of several ICD-10 codes), routine biochemical
analyses, parenteral radiological contrast administration,
the need for renal replacement therapy (RRT), length of
stay, death in hospital and post-discharge (to census date
30/9/2011). Readmission data was extracted from the hos-
pital systems (from Lorenzo, the Patient Administration
System) by the Informatics Department, this data is used to
report hospital activity nationally. Data on patient death
was extracted from the NHS Spine (national death files),
also via Informatics.

The timeframe for data collection was 24 h prior to
admission until discharge, except in those meeting the
criteria for hospital-acquired AKI in which case the C-
reactive protein concentration (CRP) was censored on
the day of the peak creatinine. CRP is not adjusted for
renal function in our laboratories. Creatinines were mea-
sured using a Jaffe method on a Cobas 8000 machine
with calibration traceable to isotope dilution mass spec-
trometry. Patient survival and readmission was analysed
following an index admission. The index admission was
the first in the study period for all patients. Time to
readmission was analysed from both admission and dis-
charge date to readmission (in separate analyses — avail-
able on request). CRP was stratified in deciles to
100 mg/dL after which it was stratified in 50 mg/dL up
to 400 mg/dL, based on prior clinic consensus and pre-
vious published data. This ensured adequate event rates
and numbers of patients per stratum [20, 22].

Using data within the EPR, we subsequently examined
subsets of patients who had AKI in greater detail. In order
to establish whether there were any common factors amen-
able to manipulation to reduce the mortality in the patients
dying in the first 90 days post discharge, we reviewed the
case notes of 153 cases of patients with AKI, manually.
Cases were reviewed by three experienced clinicians using a
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semi-structured proforma to look for cause of death, diag-
nosis of AKI and any factors that could have changed out-
come as previous NCEPOD reports have done [21].

Definition of acute kidney injury

The definition for AKI has changed within recent years
with interdisciplinary consensus groups proposing stan-
dardized systems to define and stage AKI and now inter-
nationally agreed in the KDIGO criteria [23]. All of the
existing criteria were not only designed to diagnose and
assess the severity and progression of AKI but also to
provide some prediction of mortality. We defined AKI

from the KDIGO definition, using the proportionate
values only. Specifically AKI Stage 1 was defined as a
serum creatinine increase of 1.5-1.9 times index or
>0.3 mg/dL; AKI Stage 2 as a serum creatinine increase
of 2.0-2.9 times index and AKI Stage 3 as a serum
creatinine increase of >3.0 times index creatinine or
24.0 mg/dL or initiation of RRT.

Data and statistical analyses

We used hospital data from the central EPR at our insti-
tution. Data analysts extracted and anonymised data
from the central EPR into databases for analysis, patient
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identifiable data was not included; IRB approval was
therefore not requested. The EPR, (Patient Information
and Communication System, PICS) is a commercially
available EPR. Data extraction from the system is robust
and supports all national clinical reports; the informatics
team also build international reporting tools for hospital
episode statistics.

Statistical analyses were undertaken using Minitab v15
(Minitab Inc., State College, Pa., USA) and SPSS (Version
22, Chicago, Ill, USA). AKI and in-hospital mortality were
treated as events associated with a specific admission
independent of time and one another. Continuous vari-
ables are described as mean and standard deviation (SD)
or median with interquartile range (IQR) and the signifi-
cance of differences quantified by Student’s t test or Mann
Whitney-U test as appropriate. Categorical variables are
described as proportions and compared by x2 test.

We then used time dependent cox regression to look at
the relationship between AKI, mortality and co-morbidities
for inpatient and post discharge death after 90 days, taking
into account the development of AKI in subsequent read-
missions following the index admission. Results are pre-
sented as hazard ratio (HR) with 95% confidence intervals
(CI). Proportional hazards assumption was checked and
found appropriate for the Cox regression models. Kaplan
Meier curves were used for survival analyses. Deaths were
analysed on index admission only.

Comorbidities tested for in the model were diabetes
mellitus, hypertension, ischaemic heart disease, heart fail-
ure, vascular disease, malignancy, composite of infection
(see appendices for these codes), liver disease, and com-
posite of gastro-intestinal blood loss or hypovolemia.

We performed sensitivity analyses to establish that
hazard ratios were not changed if creatinines peaking
before 48 h were excluded, in order to ensure commu-
nity acquired AKI was not included in the analysis.

We also looked at patients who specifically had malig-
nancy, and what percentage of these patients died in the
index admission and in the subsequent 90 days. We
looked at the proportions of these patients with and
without AKI and their median admission creatinine.

Crude readmission rates, not taking into account
deaths, were calculated at 30 and 90 days post-discharge.
Additionally, readmission was analysed for 30 day and
90 day readmission rates using logistic regression. We
performed these analyses both including and excluding
patients dying within these time frames (further results
in additional files 1, 2, 3, 4, 5, 6, 7, 8,9, 10 and 11). Time
to first readmission was analysed, censored for death, by
cox regression, for time from index admission discharge
and time from admission. Number of readmissions was
analysed by Mann-Whitney U.

To compare the populations who died in the index
admission; or who survived were re-admitted; or who
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survived and were not readmitted, we compared the co--
morbidities of these three populations against each other
using x2 and then Fisher’s Exact test. Kaplan Meier
curves were used to analyse readmission from index
admission discharge time and from admission time.

Results

In the 4 year study period, 73,016 individual patients
had one or more emergency admissions, in total,
112,366 admissions. Men represented 52.8% of the
population and the mean age was 56.8 years (Table 1).
No creatinine measurement was available in 15.4% of
index admissions, and 30, 913, (42.3%) patients had only
one creatinine measured.

There were 1635 (2.2%) patients in whom the index
admission was associated with an episode of hospital-
acquired AKI (stage 1: 998 (61%), stage 2: 440 (27%),
stage 3: 197 (12%). Of note many published studies
quote AKI incidence as a percentage of the patients who
had two or more creatinines measured, in which case
the incidence of AKI would be 5.3%. We used the whole
population; pragmatically, treating clinicians would have
to assume that patients with unmeasured delta renal
function did not have AKI.

As expected, patients with AKI were older and had a
greater co-morbidity than those without hospital-
acquired AKIL.

Index admission creatinine measured >177 pmol/L
(2 mg/dL) in 2290 (3.1%) of patients and 0.51% had an
admission creatinine >354 pmol/L (4 mg/dL).

Mortality

The in-hospital mortality associated with the index
admission was 3.9% in those without AKI and 33.6% in
those with AKI (Fig. 2).

There were 70,098 patients who survived to leave
hospital (69,013 without AKI and 1085 with AKI). By
90 days a further 4% (2462) of those without AKI and 9%
(98) of those with AKI had died making the total 90 day
mortality for patients without AKI 6.8% and for those with
AKI 42.1%. By 1 year, 8301 patients without AKI had died
(total no-AKI mortality 11.6%) and 787 of those with AKI
had died (total AKI mortality 48.1%). The fully adjusted
HR for inpatient mortality associated with AKI was 1.6
(95% CI 1.43-1.75 p < 0.001) for all AKI (Table 2); for
patients discharged, fully adjusted HR for mortality at
90 days was 1.5 (95% CI 1.3-1.9) (data available on
request), increasing with severity of AKI (Table 3) and at
1 year the adjusted hazard ratio for patients with AKI was
2.9 (95% CI 2.7-3.1) (Additional file 6). The survival of
patients with and without AKI is shown in Kaplan Meier
curves (Fig. 2).

We performed sensitivity analysis to ensure that HRs
were similar for patients when creatinine peaking within
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Table 1 Demographics and mortality for hospitalised patients
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Total No AKI AKI P value
Number of patients 73,016 71,381 1635 (2.2%)
Age/years (median (IQR)) 56.8 (38-76) 56.5 (38-76) 71.0 (61-84) <0.001
Male n (%) 38,568 (52.8) 37,706 (53.0) 862 (53) NS
LOS/days (mean, IQR)) 7.55 (1-8) 7.0 (1-7) 31.1 (11-41) <0.001
Mortality at discharge (% of whole population) 2918 (3.9) 2368 (3.3) 550 (33.6) <0.001
Total mortality at 90 Days 5546 (7.6) 4830 (6.8) 689 (42.1) <0.001
Total mortality at 1 year 9088 (124) 8301 (11.6) 787 (48.1) <0.001
Number of patients readmitted during follow-up 18,971 (26.0) 18,709 (26.2) 342 (21.0) <0.001
(until censor 30/9/2011) (%)
eGFR 1st measurement (ml/mm/1.73m2) (median (IQR)) 764 (57.2-92.1) 76.5 (57.5-92.2) 73.2 (45-88.5) <0.001
eGFR minimum (ml/min/1.73m?) (median (IQR)) 73.1 (54.3-89.2) 74.1 (55.6-89.8) 33.3 (180-41.5) <0.001
eGFR on 1st measurement <45/ml/min/1.73m? (%) 7281 (10.0) 6872 (9.6) 409 (25.0) <0.001
eGFR minimum <45/ml/min/1.73m? (%) 4372 (6.0) 4157 (5.8) 215 (13.1) <0.001
Creatinine on first measurement >177 umol/L 2290 (3.1) 2137 (3.0) 153 (94) <0.001
(>2 mg/dL)(%)
Creatinine minimum >177 umol/L (>2 mg/dL)(%) 1022 (1.4) 949 (1.3) 73 (4.5) <0.001
Co-morbidities
Diabetes mellitus n (%) 7571 (104) 7227 (10.0) 344 (21.0) <0.001
Hypertension n (%) 15,503 (21.2) 14,877 (20.8) 626 (38.3) <0.001
Ischaemic heart disease n (%) 4001 (5.5) 3832 (54) 169 (10.3) <0.001
Heart failure n (%) 2460 (34) 2183 (3.1) 227 (139) <0.001
Vascular disease n (%) 762 (1.0) 715 (1.0) 47 (29 <0.001
Malignancy n (%) 5518 (7.6) 5225 (7.3) 293 (17.9) <0.001
Composite of Infection n (%) 4920 (6.7) 4457 (6.2) 463 (28.3) <0.001
Liver Disease n (%) 1351 (1.9) 1167 (1.63) 184 (11.3) <0.001
Composite of Gl blood loss or hypovolemia n (%) 2058 (2.8) 1910 (2.7) 148 (9.1) <0.001
CRP measurement 30,688 (42) 29,146 (40) 1542 (94) <0.001
Average CRP (in those who had CRP measured) 88 83 174 <0.001

AKIl, acute kidney injury, eGFR estimated glomerular filtration rate, /QR interquartile range, LOS length of stay

48 h were excluded, to allow for community acquired
AKI to be excluded. HR for inpatient mortality for pa-
tients with AKI with peak creatinine more than 48 h
after admission was similar: 1.82 (CI 1.61-2.07) and for
90 day mortality for AKI stage (see comparison to Table
3) HR were 1.32 (1.05-1.66) for AKI 1; AKI 2 1.46
(1.03-2.09) and AKI 3 2.21 (1.46-3.33), very similar to
the analysis where all creatinine post admission was
included.

Mortality and CRP

CRP is strongly associated with mortality (additional file 11)
Peak CRP was an independent risk factor for in-hospital
mortality in multivariate analysis which includes AKI and
co-morbidity (Table 2). This effect of elevated CRP con-
centration persisted in exploratory analyses of mortality
post-discharge. A CRP > 20 ng/ml was associated with an
odds of mortality at 90 days of 2.0 but this excess risk

disappears at 1 year. It was not so influential in analysis of
the whole post-discharge period (See additional material).
There was no substantial progression of risk with a rising
CRP in mortality post discharge.

Profile of patients who die with AKI, diagnoses,
prognoses and modifiable risk factors
We reviewed the case notes of the 153 patients who
sustained hospital-acquired AKI and died in the first 90 days
post discharge. 67 (43%) had malignancy; 25 (16%) patients
had an infectious illness as part of their index admission
and 14 (9%) had a documented acute coronary syndrome
or myocardial infarction. Sixty two were being palliated (42
for malignancy and the others for dementia, cardiac or
other diagnosis) and 11 had dementia. Of the 153 who died,
35 (23%) were readmitted to our institution.

In the 293 patients with malignancy who sustained hospital-
acquired AKI, 134 (45%) died during admission and a further
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Fig. 2 Overall survival of all patients in the study from admission
dependent on AKI (p = <0.001)

48 (16%) died in the first 90 days following discharge. The
median admission creatinine in this group of patients was 93
(73-121)umol/L. This is higher than the group with who
develop in-hospital AKI but do not have malignancy.

Readmission

Kaplan Meier curves for readmission (Fig. 3) demon-
strated in unadjusted readmission, patients with AKI
were more likely to be readmitted (log rank p = <0.001).
In univariate analysis, previous AKI was associated with
an increased risk of readmission (HR 1.5; 95% CI 1.2—
1.7; P < 0.001). However, after adjustment for sex, age,
co-morbidities and peak CRP, previous AKI was no lon-
ger associated with an increased risk of readmission.

In adjusted 30 day readmission rate in patients who
had suffered AKI, readmission rates were actually lower
in patients with AKI (54 (3.3%) than without AKI 4245
(5.9%) p = 0.01). For 90 day readmission (Table 4), 7705
(11.1%) of 69,013 patients without AKI, surviving the
index admission, were re-admitted and 169 (15.5%) of
1085 surviving patients with AKI were subsequently
readmitted (p = 0.37).

In sensitivity analysis including creatinine before 48 h
of admission, AKI remained an insignificant factor for
readmission.

Discussion

There is considerable concern about AKI, and increasingly
policy guidelines suggest this is frequent, increasing in
incidence and a cause of avoidable death. From the
current literature it is also expensive [2] and is associated
with high mortality. The actual incidence of AKI is diffi-
cult to assess in the UK until there are robust electronic
patient records (EPR) in all UK hospitals. Data from the
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Table 2 Cox regression for in-hospital mortality for AKI and adjusted
for age, gender, co-morbidity (Diabetes Mellitus; hypertension; heart
failure; vascular disease; malignancy; composite of infection;
composite of Gl blood loss or hypovolemia) and CRP

Hazard 95% Confidence P value
Ratio  Intervals
Lower  Upper

AKI 1580 1428 1.747  <0.001

Male gender 1025 0951 1.104 0516

Age (reference [18-35] years)
Age 36-45 1941 1250 3.013 0003
Age 46-55 4097 2819 5955  <0.001
Age 56-65 5517 3860 7887 <0001
Age 66-75 8650 6.110 12248 <0.001
Age > 75 16868 12028 23655 <0.001
Diabetes Mellitus 0960 0868 1.062 0425
Hypertension 0741 0683 0803 <0.001
Ischaemic Heart Disease 0782 0675 0906 0001
Heart Failure 1695 1530 1879  <0.001
Vascular Disease 1512 1244 1839  <0.001
Malignancy 1884 1728 2054  <0.001
Composite of Infection 0814 0741 0895 <0001
Liver Disease 2612 2261 3017 <0001
Composite of Gl Blood Loss or 1627 1451 1823  <0.001
Hypovolaemia

CRP (referenced to CRP < 11)
Unmeasured 1217 904 1637 0.195
11-20 2097 1577 2788 <0001
21-30 2223 1664 2969  <0.001
31-40 2664 2004 3542  <0.001
41-50 2377 1763 3204 <0001
51-60 2237 1642 3050  <0.001
61-70 3013 2246 4043  <0.001
71-80 2660 1976 3579 <0001
81-90 3220 2388 4343  <0.001
91-100 3.087 2451 3889  <0.001
101-150 3636 2872 4605 <0001
151-200 4026 3184 5091 <0.001
201-250 4091 3187 5251 <0.001
251-300 4441 3441 5.731 <0.001
301-350 4254 3.091 5853  <0.001
351-400 2966 2373 3707  <0.001
> 400 5917 4464 7843  <0.001

AKl acute kidney injury, CRP C-reactive protein

Hospital Episode Statistics (HES) database [2], report the
incidence of AKI to be 2.43% but others report this to be
much higher [24, 25]. The data presented in this paper,
where AKI was identified using electronic systems to
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Table 3 Cox regression for 90 day mortality AKl stage and adjusted
for age, gender, co-morbidity (Diabetes Mellitus; hypertension; heart
failure; vascular disease; malignancy; composite of infection;
composite of Gl blood loss or hypovolemia) and CRP

Hazard 95% Confidence P value

Ratio intervals
Lower  Upper

AKI stagel 1257 1017 1554 0034

AKI stage? 1555 1.119 2160  0.009

AKl stage 3 2390 1612 3544 <0001

Male gender 0938 0871 1010 0.091

Age (reference [18-35] years)
Age 36-45 3.048 2103 4415 <0001
Age 46-55 5162 3687 7228  <0.001
Age 56-65 8320 6.044 11454 <0.001
Age 66-75 12384 9047 16953 <0.001
Age > 75 24881 18320 33792 <0001
Diabetes Mellitus 1.028 0925 1.143  0.605
Hypertension 0754 0693 0821 <0.001
Ischaemic Heart Disease 0825 0704 0968 0018
Heart Failure 1.657 1443 1903  <0.001
Vascular Disease 1656 1289 2126  <0.001
Malignancy 6340 5864 6855  <0.001
Composite of Infection 1047 0932 1177 0439
Liver Disease 2166 1802 2604 <0001
Composite of Gl Blood Loss or 1813 1575 2086  <0.001
Hypovolaemia

CRP (referenced to CRP < 11)
Unmeasured 149 1247 1795  <0.001
11-20 1504 1218 1856  <0.001
21-30 1902  1.541 2348  <0.001
31-40 2108 1700 2614  <0.001
41-50 1837 1451 2326 <0.001
51-60 2557 2052 3187 <0001
61-70 2827 2248 3556  <0.001
71-80 2411 1904 3054  <0.001
81-90 1994 1525 2608  <0.001
91-100 2585 2193 3.047  <0.001
101-150 2369 1968 2852  <0.001
151-200 2421 1998 2935 <0001
201-250 2238 1769 2832  <0.001
251-300 2359 1817 3064 <0001
301-350 1725 1113 2674 0015
351-400 0927 0801 1.074 0313
> 400 1836 1231 2740 0003

AKl acute kidney injury, CRP C-reactive protein
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detect proportional changes in creatinine, conclude the in-
cidence on admission in a large urban hospital, to be 2.2%
(or 53% of the population where renal function was
measured more than once). We included patients who
had only one, or no creatinines measured, in the patients
without AKI as these patients would not be identified as
having AKI in hospital. Patients known to renal services
were also excluded on the basis that they were already
under nephrology care and therefore renal risk factors
were likely to be closely managed in this group.

Mortality associated with AKI is high compared to a
population without AKI and this has been previously
documented for in-hospital mortality [4, 5]. In this study
in-hospital mortality associated with AKI, was 10 times
that of the non-AKI population and worsened with
severity of kidney injury. Thirty-three percent of patients
who had AK]I, died during their hospital admission.

This association between mortality and AKI has previ-
ously been reported to persist after discharge [26-28].
Dialysis dependent AKI is associated with increased mor-
tality. There are a few studies which report increased mor-
tality after discharge in specific disease states [28—32] and
after ICU admission [33, 34]. A recent study looked at this
in a multivariable model for survival post 90 days [1].
They found an adjusted mortality risk of 1.41 for patients
who had had AKI not requiring dialysis, and this trend
persisted to 4 years follow up.

There are few reports looking at mortality after AKI in
unselected hospital populations in the first 90 days post
discharge [8, 9] although some studies look at specific
patient groups post discharge. In the LaFrance study [1]
the risk of dying did persist after discharge and was high
within the first 90 days. 42% of patients diagnosed with
AKI in hospital had died by 90 days post discharge.
Adjusted mortality risk in our study up to 90 days post
discharge, was 1.5 for patients who had had inpatient
AKI compared to those who did not have AKI. As in
previous literature, this mortality risk persists beyond
90 days and up to 1 year [35]. In our data the association
between AKI identified in hospital and death was per-
sistent after 90 days follow up.

Risk of dying increased with severity of AKI in
hospital, in the first 90 days and post 90 days discharge
and this is consistent with previous studies [36—38].

Acute kidney injury in this data was an independent
factor for death when adjusted for co-morbidities. The
current assumption is that AKI is causative in the high
mortality rates with which it is associated, and has
attracted considerable attention as being a reversible fac-
tor, that is preventable, with lives saved as a result [39].
However, the current NICE AKI guideline states that
“No studies were identified for prognostic outcomes
with KDIGO for adults, children or young people.” [29].
In our study we found that high CRP was an important
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Fig. 3 Readmission of all patients in the study from index admission
to readmission, end of follow up or death (p = <0.001)

predictor of death and when combined with a diagnosis
of AKI increased the odds ratio of death in hospital to
more than 10 times that of patients without AKI. Why
AKI and specifically AKI with inflammatory states might
be an independent risk factor for death is likely to de-
pend on the effects that these changes have on the entire
body state, and experimental models already show exam-
ples of changes in the heart and lungs [40-42]. The CRP
may represent risk in AKI over and above its association
with SIRS/SEPSIS, but as far as we are aware there is no
current literature examining the relationship between
AKI, CRP and mortality. What is clear from this data is
that the combination of high CRP in the setting of AKI
greatly increases mortality risk.

We were also interested in defining mortality within
the first 90 days as a potential timeframe within which it
may be possible to target quality improvement based
upon early post-discharge review. Of those 1085 with
hospital-acquired AKI who survived to discharge, 13.9%
died in the first 90 days post discharge and 22.8% in the
first year. Age and malignancy were dominant risk fac-
tors for early post discharge mortality in this population.
The presence of malignancy, specifically advanced malig-
nancy established by case note review was present in
>40% of deaths in this group of patients.

These findings suggest that a simple approach target-
ing those with hospital-acquired AKI for intervention to
prevent early mortality, may have limited utility. Any
such intervention would need to account particularly for
patients with advanced malignancy. Although this is a
single centre study there is a wide range of disease rep-
resented and there was no preponderance of patients
with a diagnosed malignancy to suggest that the current
analysis is particularly unbalanced. This is an important

Page 8 of 11

Table 4 Cox regression for readmission within 90 days for AKl or no
AKI'and adjusted for age, gender, co-morbidity (Diabetes Mellitus;
hypertension; heart failure; vascular disease; malignancy; composite of
infection; composite of GI blood loss or hypovolemia) and CRP

Hazard 95% Confidence P value

Ratio intervals
Lower  Upper

AKI 0921 0787 1.078 0304

Male gender 0932 0891 0974  0.002

Age (reference [18-35] years)
Age 36-45 1.076 0983 1178 0.113
Age 46-55 1254 1.151 1366  <0.001
Age 56-65 1261 1159 1374  <0.001
Age 66-75 1441 1325 1567  <0.001
Age > 75 1.784 1656  1.921 <0.001
Diabetes Mellitus 1186 1.108 1269  <0.001
Hypertension 0939 0888 0994 0029
Ischaemic Heart Disease 1.107 1011 1212 0028
Heart Failure 1372 1234 1527  0.000
Vascular Disease 1194 0983 1450 0073
Malignancy 2112 1975 2258  <0.001
Composite of Infection 1149 1057 1249 0001
Liver Disease 1.776 1556 2027  <0.001
Composite of Gl Blood Loss or 1259 1116 1420  <0.001
Hypovolaemia

CRP (referenced to CRP < 11)
Unmeasured 1.010 0915 1.115 0848
11-20 1069 0950 1204 0267
21-30 1.051 0920 1.200 0463
31-40 1.107 0960 1276  0.163
41-50 1139 0983 1320 0.084
51-60 1.092 0931 1282  0.279
61-70 1137 0962 1344 0132
71-80 1069 0899 1272 0450
81-90 930 0762 1134 047
91-100 1.068 0957 1191 0.238
101-150 1087 0957 1235 0.199
151-200 1.096 0957 1255  0.186
201-250 1.088 0918 1290 0332
251-300 0763 0611 0954 0018
301-350 1327 1020 1726 0035
351-400 0843 0783 0902 <0001
> 400 1042 0788 1378 0773

AKl acute kidney injury, CRP C-reactive protein

finding in relation to the debate about reduction in
death and morbidity due to AKI. There may be utility in
understanding the combination of AKI and incurable
disease which may serve to target therapies in palliation
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but it is unlikely that this will reduce overall mortality.
This is not to say of course that the presence of malig-
nancy per se means AKI follow-up is unhelpful, patients
may have curable cancers and nephrology involvement
may influence chemotherapy treatments. In order to
target patients where early intervention will reduce mor-
tality related to AKI, it is likely that that this much
smaller subset is easier to define as we understand the
description of the larger group. The preventable deaths
are hidden within this larger subset.

Thirty day readmission is a traditionally collected
measure and represents ‘failed discharges’. In terms of
health economics, and resource, readmissions alone,
independent of deaths, are an important resource model.
In this study in cox regression, diabetes, ischaemic heart
disease, heart failure, vascular disease, malignancy, infec-
tion, liver disease and hypovolaemia were all predictive
of readmission; AKI was not; perhaps due to the high
mortality rate in this group.. As a result, in patients who
survive, those with AKI are less likely to be re-admitted
probably as a combination of survival advantage, and po-
tentially for some, because of palliative care packages
which reduce readmission. In our study AKI did not in-
crease 30 or 90 day readmission rates, with death in-
cluded or excluded. Overall rate of readmission was not
increased for the whole period of follow up.

Interventions which may impact death in the early
follow up period and readmission have not been exten-
sively researched but it may be relevant for nephrologists
to be involved in early post-discharge care in patients who
have had AKI. This may influence drug management,
early identification of deterioration with rapid access to
dialysis and more meticulous fluid management particu-
larly relevant as early pulmonary oedema has been linked
to readmission [43].

There is little literature discussing AKI and readmis-
sion rates but AKI has previously been reported as con-
tributing to readmission rates with increased risk of
readmission at 30, 60 and 90 days. However, the rate is
much attenuated after adjustment and is only present at
30-days in the matched validation cohort. Additionally
in Silver et al. the reported mortality rate at the index
admission is only 2%, very low compared to data in our
study and therefore may mean fundamentally different
cohort. All patients were excluded in which a creatinine
nadir was unable to be calculated.

Definition of AKI in the literature is variable since the
considerable interest in this area has generated scoring
systems which have been developed as this has been
studied. We define AKI on the basis of the creatinine
changes for KDIGO, superseding AKIN and RIFLE. Any
definitions of AKI must include ability to easily identify
patients using EPR which are likely become more
ubiquitous with rapid adoption across the UK. Baseline
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creatinine is not necessarily available in acute admissions
and we aimed to understand the impact of available
hospital information at the point of patient treatment.
Most patients have creatinine measured, some institu-
tions use more complex measurements of renal func-
tions, estimated GFR by various methods, CKI-EPI and
others, but these are not yet standardised. Similarly
urine output is not reliably collected in the majority of
emergency admissions.

There are several limitations to this study. It is a single
centre study, and although it is based in a large urban
hospital, some of the hospital services are tertiary and
therefore will over-represent relatively rarer disease
states such as advanced liver disease. Although we have
found AKI to be an independent risk factor it is often
actually a marker of disease severity and may have as yet
unidentified confounders within this study. Sicker
patients are likely to have more creatinine measure-
ments and therefore may skew the data. We have as-
sumed that patients with one or less creatinine
measurements did not have AKI. CKD rates are low,
which is likely to be due to the exclusion of patients
known to the renal service. CKD is a significant risk fac-
tor for AKI and patients who are sicker therefore be
under nephrology and excluded from this analysis. This
may result in fewer patients in this study with heavy
comorbidity burdens, who may have been more likely to
die or be readmitted after an AKL

The study data collection ends in 2011, AKI has been
increasingly discussed and management strategies there-
fore may have changed since the conclusion of this data
collection. Readmission rates do not include patients
admitted to other hospitals. KDIGO definition of AKI
includes urine criteria and this is not utilised here as it
is unreliably recorded in EPR. The impact of this is diffi-
cult to study as in practice urine output is poorly
recorded in acute medical settings outside of high
dependency beds.

Conclusion
In a large, unselected hospital inpatient population, AKI
identified during hospital admissions is associated with a
high in-hospital mortality and this persists into the
period up to 90 days post discharge and beyond. AKI is
an independent risk factor in hospital and up to 90 days
post discharge even when adjusted for co-morbidities,
age, and CRP, and is associated with mortality after
90 days. There is a progressive relationship between
CRP concentration, AKI and death which is poorly
understood and there is a case for studying this further.
Readmission rates were found to be unaffected by AKI.
It is important to note that many of the patients who
are affected and who die with AKI are already under
palliative care services and many have malignancy. This
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study may support the concept of interventions aimed at
preventing AKI such as early nephrology review but post
discharge interventions in terms of preventing mortality
or 90 day readmission would need to be carefully targeted.

Additional files

Additional file 1: Medications within respective drug classes. (DOCX 14 kb)
Additional file 2: ICD 10 diagnoses. (DOCX 15 kb)
Additional file 3: Integrated codes for composite of infections. (DOCX 14 kb)

Additional file 4: Cox regression for in-hospital mortality AKI stage and
adjusted for age, gender, co-morbidity and CRP. (DOCX 19 kb)

Additional file 5: Cox regression for Post Discharge death after 90 Days
for AKI and adjusted for age, gender, co-morbidity and CRP. (DOCX 20 kb)

Additional file 6: Cox regression for Post Discharge death after 90 Days for
AKl stage and adjusted for age, gender, co-morbidity and CRP. (DOCX 14 kb)

Additional file 7: Odds Ratio for all-cause in hospital mortality associated
with post index admission AKI. (DOCX 14 kb)

Additional file 8: Logistic regression for readmission within 90 days for AKI
stage and adjusted for age, gender, co-morbidity and CRP. (DOCX 18 kb)

Additional file 9: Cox regression for time to readmission from 1st
admission dependent on AKI, excluding patients who died, and adjusted
for age, gender, co-morbidity and CRP. (DOCX 21 kb)

Additional file 10: Comparison of comorbidities between the differing
populations of patients: those who died in the first admission, those who
survived and were readmitted and those who survived and weren't
readmitted. (DOCX 15 kb)

Additional file 11: Univariable and restricted multivariable analyses by
Cox regression, for CRP effect on inpatient mortality, 90 day mortality and
mortality beyond 90 days. (DOCX 33 kb)

Abbreviations

AKI: Acute kidney injury; Cl: Confidence intervals; CRP: C-reactive protein;
EPR: Electronic patient record; HES: Hospital Episode Statistics; HR: Hazard
ratios; ICD10: International Statistical Classification of Diseases and Related
Health Problems 10; ICU: Intensive care unit; IQR: Interquartile range;
KDIGO: Kidney disease improving global outcomes; LoS: Length of stay;
OR: Odds ratio; RRT: Renal replacement therapy; SD: Standard deviation

Acknowledgements
None.

Funding
No specific funding was utilised for this research.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Data access
All data was accessed as outlined in the methodology from the hospital data
files though the informatics department.

Authors’ contributions

NJ wrote the paper and analysed the data; TP and SB conceived the
research question and analysed the data; PN advised on and checked
statistical analysis; CF revised the paper and conceived further analysis; all
authors read and approved the manuscript.

Ethics approval and consent to participate

This study did not require institutional review board approval equivalent
because of the pseudo-anonymized nature of the data retrieved. Data was
linked by NHS Informatics utilizing specialized Informatics identity codes to
create a pseudonymised data set avoiding any patient identifiable data. The
NHS Informatics process to undertake this pseudonymisation is reviewed

Page 10 of 11

and regularly audited by NHSD (NHS Digital) to ensure compliance with the
appropriate governance requirements. This observational study was registered
as a clinical audit (audit number CARMS-13574).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 22 February 2017 Accepted: 29 September 2017
Published online: 20 October 2017

References

1.

2.

20.

Lafrance JP, Miller DR. Acute kidney injury associates with increased long-
term mortality. J Am Soc Nephrol. 2010;21(2):345-52.

Kerr M, Bedford M, Matthews B, O'Donoghue D. The economic impact of
acute kidney injury in England. Nephrol Dial Transplant. 2014;29(7):1362-8.
Zeng X, McMahon GM, Brunelli SM, Bates DW, Waikar SS. Incidence,
outcomes, and comparisons across definitions of AKI in hospitalized
individuals. Clin J Am Soc Nephrol. 2014;9(1):12-20.

Chertow GM, Burdick E, Honour M, Bonventre JV, Bates DW. Acute kidney
injury, mortality, length of stay, and costs in hospitalized patients. J Am Soc
Nephrol. 2005;16(11):3365-70.

Ricci Z, Cruz D, Ronco C. The RIFLE criteria and mortality in acute kidney
injury: a systematic review. Kidney Int. 2008;73(5):538-46.

Hsu RK, Hsu CY. The role of acute kidney injury in chronic kidney disease.
Semin Nephrol. 2016;36(4):283-92.

Odutayo A, Wong CX, Farkouh M, Altman DG, Hopewell S, Emdin CA, Hunn
BH. AKI and long-term risk for cardiovascular events and mortality. J Am Soc
Nephrol. 2017,28(1):377-87.

Coca SG, Singanamala S, Parikh CR. Chronic kidney disease after acute kidney
injury: a systematic review and meta-analysis. Kidney Int. 2012;81(5):442-8.
Wald R, Quinn RR, Luo J, Li P, Scales DC, Mamdani MM, Ray JG. University of
Toronto Acute Kidney Injury Research G: chronic dialysis and death among
survivors of acute kidney injury requiring dialysis. JAMA. 2009;302(11):1179-85.
Barrantes F, Feng Y, Ivanov O, Yalamanchili HB, Patel J, Buenafe X, Cheng V,
Dijeh S, Amoateng-Adjepong Y, Manthous CA. Acute kidney injury predicts
outcomes of non-critically ill patients. Mayo Clin Proc. 2009;84(5):410-6.
Bates DW, Su L, Yu DT, Chertow GM, Seger DL, Gomes DR, Dasbach EJ, Platt
R. Mortality and costs of acute renal failure associated with amphotericin B
therapy. Clin Infect Dis. 2001;32(5):686-93.

Chertow GM, Levy EM, Hammermeister KE, Grover F, Daley J. Independent
association between acute renal failure and mortality following cardiac
surgery. Am J Med. 1998;104(4):343-8.

Hsu CY, Ordonez JD, Chertow GM, Fan D, McCulloch CE, Go AS. The risk of
acute renal failure in patients with chronic kidney disease. Kidney Int.
2008;74(1):101-7.

Mehta RL, Pascual MT, Gruta CG, Zhuang S, Chertow GM. Refining predictive
models in critically ill patients with acute renal failure. J Am Soc Nephrol.
2002;13(5):1350-7.

Koulouridis |, Price LL, Madias NE, Jaber BL. Hospital-acquired acute kidney injury
and hospital readmission: a cohort study. Am J Kidney Dis. 2015,65(2):275-82.
Horkan CM, Purtle SW, Mendu ML, Moromizato T, Gibbons FK, Christopher
KB. The association of acute kidney injury in the critically ill and
postdischarge outcomes: a cohort study*. Crit Care Med. 2015;43(2):354-64.
Silver SA, Harel Z, McArthur E, Nash DM, Acedillo R, Kitchlu A, Garg AX,
Chertow GM, Bell CM, Wald R. 30-day readmissions after an acute kidney
injury hospitalization. Am J Med. 2017;130(2):163-72. e164

Thakar CV, Parikh PJ, Liu Y. Acute kidney injury (AKI) and risk of readmissions
in patients with heart failure. Am J Cardiol. 2012;109(10):1482-6.

Sutherland et al. Utilizing electronic health records to predict acute kidney
injury risk and outcomes: workgroup statements from the 15th ADQI
Consensus Conference. Can J Kidney Health Dis. 2016;3(11). doi:10.1186/
s40697-016-0099-4.

Pankhurst T, Mani D, Ray D, Jham S, Borrows R, Coleman JJ, Rosser D, Ball S.
Acute kidney injury following unselected emergency admission: role of the


dx.doi.org/10.1186/s12882-017-0729-9
dx.doi.org/10.1186/s12882-017-0729-9
dx.doi.org/10.1186/s12882-017-0729-9
dx.doi.org/10.1186/s12882-017-0729-9
dx.doi.org/10.1186/s12882-017-0729-9
dx.doi.org/10.1186/s12882-017-0729-9
dx.doi.org/10.1186/s12882-017-0729-9
dx.doi.org/10.1186/s12882-017-0729-9
dx.doi.org/10.1186/s12882-017-0729-9
dx.doi.org/10.1186/s12882-017-0729-9
dx.doi.org/10.1186/s12882-017-0729-9
http://dx.doi.org/10.1186/s40697-016-0099-4
http://dx.doi.org/10.1186/s40697-016-0099-4

Jurawan et al. BMC Nephrology (2017) 18:317

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

inflammatory response, medication and co-morbidity. Nephron Clin Pract.
2014;126(1):81-9.

NCEPOD: National Confidential Enquiries into Patient Outcome and Death
(NCEPOD), Adding insult to injury. A review of the care of patients who
died in hospital with a primary diagnosis of acute kidney injury. 2009.
Chalmers JD, Singanayagam A, Hill AT. C-reactive protein is an independent
predictor of severity in community-acquired pneumonia. Am J Med.
2008;121(3):219-25.

Uhlig K, Macleod A, Craig J, Lau J, Levey AS, Levin A, Moist L, Steinberg E,
Walker R, Wanner C, et al. Grading evidence and recommendations for clinical
practice guidelines in nephrology. A position statement from kidney disease:
improving global outcomes (KDIGO). Kidney Int. 2006;70(12):2058-65.

Bedford M, Stevens PE, Wheeler TW, Farmer CK. What is the real impact of
acute kidney injury? BMC Nephrol. 2014;15:95.

Rewa O, Bagshaw SM. Acute kidney injury-epidemiology, outcomes and
economics. Nat Rev Nephrol. 2014;10(4):193-207.

Bellomo R, Kellum JA, Ronco C. Acute kidney injury. Lancet. 2012,380(9843).756-66.
Murugan R, Karajala-Subramanyam V, Lee M, Yende S, Kong L, Carter M,
Angus DC, Kellum JA. Genetic, inflammatory markers of Sepsis I: acute
kidney injury in non-severe pneumonia is associated with an increased
immune response and lower survival. Kidney Int. 2010;77(6):527-35.
Newsome BB, Warnock DG, McClellan WM, Herzog CA, Kiefe CI, Eggers PW,
Allison JJ. Long-term risk of mortality and end-stage renal disease among the
elderly after small increases in serum creatinine level during hospitalization for
acute myocardial infarction. Arch Intern Med. 2008;168(6):609-16.

Gupta RGH, Bhatt DL, Chew DP, Hlis SG. Renal failure after percutaneous coronary
intervention is associated with high mortality. Catheter Cardiovasc Interv. 2005644428,
Parikh CR, Coca SG, Wang Y, Masoudi FA, Krumholz HW. Long-term
prognosis of acute kidney injury after acute myocardial infarction. Arch
Intern Med. 2008;168(9):987-95.

Roghi ASS, Cavallini C, Arraiz G, Angoli L, Castriota F, Bernardi G, Sansa M,
De Servi S, Pitscheider W, Danzi GB, Reimers B, Klugmann S, Zaninotto M,
Ardissino D. Impact of acute renal failure following percutaneous coronary
intervention on long-term mortality. J Cardiovasc Med (Hagerstown). 2008:9375-81.
Welten GM, Schouten O, Chonchol M, Hoeks SE, Feringa HH, Bax JJ,
Dunkelgrun M, van Gestel YR, van Domburg RT, Poldermans D. Temporary
worsening of renal function after aortic surgery is associated with higher
long-term mortality. Am J Kidney Dis. 2007;50(2):219-28.

Bagshaw SM, Mortis G, Doig CJ, Godinez-Luna T, Fick GH, Laupland KB. One-
year mortality in critically ill patients by severity of kidney dysfunction: a
population-based assessment. Am J Kidney Dis. 2006;48(3):402-9.

Morgera S, Schneider M, Neumayer HH. Long-term outcomes after acute
kidney injury. Crit Care Med. 2008;36(4 Suppl):S193-7.

Sawhney S, Marks A, Fluck N, Levin A, Prescott G, Black C. Intermediate and
long-term outcomes of survivors of acute kidney injury episodes: a large
population-based cohort study. Am J Kidney Dis 2017;69(1):18-28. doi:10.
1053/j.ajkd.2016.05.018. Epub 2016 Aug 21.

Ostermann M, Chang R, Riyadh ICUPUG. Correlation between the AKI
classification and outcome. Crit Care. 2008;12(6):R144.

Sawhney S, Marks A, Fluck N, Levin A, Prescott G, Black C. Intermediate and
long-term outcomes of survivors of acute kidney injury episodes: a large
population-based cohort study. Am J Kidney Dis. 2017;69(1):18-28.

Uchino S, Bellomo R, Goldsmith D, Bates S, Ronco C. An assessment of the RIFLE
criteria for acute renal failure in hospitalized patients. Crit Care Med. 200634(7):1913-7.
Selby N, Kolhe N, McIntyre C, Monaghan J, Lawson N, Elliott D, Packington
R, Fluck R. Defining the cause of death in hospitalised patients with acute
kidney injury. PLoS One. 2012;7(11):e48580.

Coca SG, Yusuf B, Shlipak MG, Garg AX, Parikh CR. Long-term risk of
mortality and other adverse outcomes after acute kidney injury: a
systematic review and meta-analysis. Am J Kidney Dis. 2009;53(6):961-73.
Kelly KJ. Distant effects of experimental renal ischemia/reperfusion injury. J
Am Soc Nephrol. 2003;14(6):1549-58.

Kramer AA, Postler G, Salhab KF, Mendez C, Carey LC, Rabb H. Renal
ischemia/reperfusion leads to macrophage-mediated increase in pulmonary
vascular permeability. Kidney Int. 1999;55(6):2362-7.

Sawhney S, Marks A, Fluck N, McLernon DJ, Prescott GJ, Black C. Acute
kidney injury as an independent risk factor for unplanned 90-day hospital
readmissions. BMC Nephrol. 2017;18(1):9.

Page 11 of 11

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central



http://dx.doi.org/10.1053/j.ajkd.2016.05.018
http://dx.doi.org/10.1053/j.ajkd.2016.05.018

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Definition of acute kidney injury
	Data and statistical analyses

	Results
	Mortality
	Mortality and CRP
	Profile of patients who die with AKI, diagnoses, prognoses and modifiable risk factors
	Readmission

	Discussion
	Conclusion
	Additional files
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

