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Identification of risk factors associated with acute kidney injury in
patients admitted to acute medical units

S Finlay, B Bray, AJ Lewington, CT Hunter-Rowe, A Banerjee, JM Atkinson and MC Jones

ABSTRACT - In 2009, the National Confidential Enquiry into
Patient Outcome and Death (NCEPOD) report identified sig-
nificant deficiencies in the management of acute kidney injury
(AKI) in hospitals in the UK. Many errors arose from failure to
recognise patients with AKI and those at risk of developing
AKI. Currently, there is no universally accepted risk factor
assessment for identifying such patients on admission to acute
medical units (AMUs). A multicentre prospective observational
study was performed in the AMUs of 10 hospitals in England
and Scotland to define the risk factors associated with AKI and
to assess quality of care. Data were collected on consecutive
acute medical admissions over two separate 24-h periods.
Acute kidney injury was present in 55/316 (17.7%) patients,
with sepsis, hypovolaemia, chronic kidney disease (CKD) and
diabetes mellitus identified as the major risk factors.
Deficiencies in patient care were identified, reinforcing the
continuing need to improve the management of AKI.

KEY WORDS: Acute kidney injury (AKI), risk factors, acute
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Introduction

Acute kidney injury (AKI) commonly occurs in hospitalised
patients,! but its true prevalence has been difficult to capture
because of the lack of a universal definition. However, new defini-
tions that have allowed a more standardised approach have been
proposed.” These new definitions are based on an increase in
concentration of creatinine in serum or reduction in urine output.
These definitions reflect the fact that even a relatively small increase
in concentration of creatinine in serum is associated with adverse
patient outcomes,>® including increases in length of hospital stay,
mortality and costs. More recently, attention has focussed on the
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longer term consequences of AKI, with the severity and duration of
an episode predicting progression to chronic kidney disease.” It
therefore is important that patients with AKI, or those at risk of
developing it, are recognised at the earliest opportunity following
hospital admission and that early management is directed at mini-
mising further injury or the development of complications.
Unfortunately, evidence indicates that this is not done reliably in
hospitals in the UK. In 2009, the National Confidential Enquiry
into Patient Outcome and Death (NCEPOD) report identified
widespread deficiencies in the recognition and management of
AKI, with only 50% of patients receiving good care.® There was a
failure to recognise patients at risk of developing AKI and conse-
quently a failure to take simple steps to minimise risk, including
correction of hypovolaemia, cessation of nephrotoxic drugs,
charting of fluid balance and monitoring of serum biochemistry.

Acute medicine is the fastest growing medical specialty in the
UK, with acute medical units (AMUs) representing the hospital
entry point for most unscheduled medical admissions, many of
which involve elderly patients with multiple comorbidities.
Prevention and management of AKI in this setting will go a long
way to addressing the deficiencies described in the NCEPOD
report.® However, there is a paucity of data regarding the preva-
lence of community-acquired AKI (c-AKI) in patients admitted to
the AMU and the associated risk factors. This study aimed to
define the prevalence of c-AKI in emergency admissions to AMUs
in 10 hospitals and to determine the key risk factors associated
with c-AKI on admission. A clear understanding of which patients
are at greatest risk of AKI is a prerequisite for prompt recognition
and effective management of this patient cohort.

In addition to risk factor modelling, we also assessed the reliability
of four simple clinical measures that may prevent or manage AKL
This part of the study identified deficiencies in patient care, rein-
forcing the continuing need to improve the management of AKL

Methods

The study was conducted over two separate 24-hour periods at a
total of 10 AMUs in England and Scotland (see Acknowledge-
ments). The contributing hospitals included seven district gen-
eral hospitals (serving populations of between 120,000 and
300,000) and three teaching hospitals. The mean number of
admissions per day was 21.1 (standard deviation 11.8, range
4-44). Consecutive acute medical admissions over this period
were included, with the exception of patients already on renal
replacement therapy or receiving end-of-life care. Ten potential
risk factors for AKI were identified (Table 1) based on a litera-
ture review of factors shown to increase the risk of AKI and
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expert consensus of a group of nephrologists and acute physi-
cians. Nephrotoxic medications were defined as agents known to
have potential adverse effects on renal function either through
direct toxicity or by impairment of renal perfusion, with recog-
nition that their toxicity may depend on the clinical context.
Common nephrotoxic agents included angiotensin-converting
enzyme (ACE) inhibitors, angiotensin receptor blockers (ARBs),
non-steroidal anti-inflammatory drugs (NSAIDs), aminoglyco-
sides, radiocontrast agents and diuretics. Case notes, observation
charts, laboratory results and drug charts were used to obtain
data on demographics and serum biochemistry and to deter-
mine whether or not the patient had any of the 10 potential risk
factors for AKI.

This study was conducted in two phases. In the pilot study
(phase 1), data on risk factors and demographics were collected
for 69 patients. Phase 2, which included 247 patients, repeated
the data collection in phase 1 and also collected data about the
clinical management of AKI (Box 1). Clinicians at each hospital
were asked to determine whether there was clear documentation
that specific measures, such as the administration of intravenous
fluids, were indicated and whether these steps were imple-
mented. If this was not apparent from the available information,
‘unknown’ was recorded for each intervention. Fluid assessment

Box 1. Appropriate management steps for AKI.

¢ Discontinuation of nephrotoxins
e Chart fluid balance
e Intravenous fluids

e Recheck urea, creatinine and U&Es within 24 hours

AKI = acute kidney injury; U&E = urea and electrolytes.

Table 1. Possible risk factors for AKI on admission.

Risk factor Description/explanation

Age >75 years

SBP <100 mmHg or decrease of
=40 mmHg from usual baseline

Hypotension

Two or more criteria for SIRS!? due to
suspected infection

Sepsis

Hypovolaemia Suggested by history or on clinical

examination
Stage 3-5 (eGFR <60 ml/min/1.73 m?)

History of atherosclerotic vascular disease

Chronic kidney disease
Vascular disease

Congestive cardiac failure  History of congestive cardiac failure or
current presentation consistent with acute

cardiac failure
Diabetes mellitus
Jaundice Clinical or biochemical jaundice

Nephrotoxic medication Nephrotoxic medication used in the week

prior to admission

AKI = acute kidney injury; eGFR = estimated glomerular filtration rate; SBP = systolic
blood pressure; SIRS = systemic inflammatory response syndrome.
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is a challenging clinical skill, with a relative paucity of published
evidence about the optimal approach,” and examination findings
must be interpreted in the context of a patient’s history and rel-
evant laboratory results. It is thus difficult to define tight criteria
for intravenous fluid requirements (although documented hypo-
volaemia was considered one such indication). In order to
improve the reliability of this measure, data collection was either
performed by or discussed with a senior clinician in each hos-
pital. Indications for charting of fluid balance were considered to
be AKI, hypovolaemia, hypotension and sepsis.

Acute kidney injury was defined according to the International
Kidney Disease: Improving Global Outcomes (KDIGO) classifi-
cation.? The baseline level of serum creatinine was defined as per
the Renal Association guidelines,'? using a reference measure of
creatinine in serum within 1 week of admission when possible (3
months to 1 year is acceptable).

Univariable analyses were conducted to explore the associa-
tion between AKI and each of the potential risk factors using
Pearson’s chi-square test. Multivariable logistic regression models
were run to study the effect of variables that maintained a sig-
nificant association with the outcome. Backwards step selection
was used to remove variables that did not improve the model fit,
which were determined using likelihood ratio tests. The area
under the receiver operating characteristic (ROC) curve of the
final model was 0.837. Logistic regression used robust standard
errors to adjust for evidence of clustering of patients at the hos-
pital level. Results are presented as odds ratios (OR) and 95%
confidence intervals (CI). Tests of statistical significance were set
at p=0.05. Where stated, p values are two sided. All statistical
analyses were performed using Stata IC (version 12.1) or
StatsDirect software.

Results

Data were collected on 316 patients who met the inclusion cri-
teria. Five records were excluded from the final dataset due to
incomplete and missing data. Table 2 shows the baseline charac-
teristics of the sample. The mean age was 67 (standard deviation
(SD) 18.5) years, and 162 (52.3%) patients were male. The
prevalence of c-AKI in the study population was 17.7%.

Univariable analyses (Table 3) showed that patients with
c-AKI were older than those without c-AKI (56.4% aged >75
years with c-AKI compared with 39.1% without c-AKI, p =
0.018). Patients with c-AKI were also more likely than those
without ¢-AKI to have clinical evidence of hypotension (18.9%
vs 5.1%, p=0.001), sepsis (43.4% vs 18.0%, p<0.0001), hypovol-
aemia (58.5% vs 19.9%, p<0.0001) and CKD (46.2% vs 18.8%,
p<0.0001). Patients with c-AKI were also more likely to have
congestive cardiac failure (17.0% vs 7.1%, p=0.02) and diabetes
(36.4% vs 18.0%, p=0.002).

When the statistically significant risk factors were analysed
together using logistic regression, only hypovolaemia, sepsis,
diabetes and CKD remained significant (Table 4). After adjust-
ment, clinical evidence of hypovolaemia was associated with a
6.2-fold increase in the odds ratio of c-AKI and sepsis with a
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2.3-fold increase. Diabetes and CKD were associated with 2.8-
and 3.9-fold increases in the odds ratio of c-AKI, respectively.

When results for the 287 patients who had no missing values
for any risk factors were analysed, 84.6% of these patients had
at least one risk factor for AKI on admission and 65.8% had
>2 risk factors (Fig 1A). The total number of risk factors for an
individual patient was strongly predictive of the risk of c-AKI
(Fig 1B). Patients with 22 risk factors had a 7.1-fold increased
risk of having AKI on admission compared to those with <1
risk factor (Table 5).

More than 50% of acute medical patients were taking poten-
tially nephrotoxic medication prior to admission, principally ACE
inhibitors, ARBs and diuretics. Interestingly, the use of these
medicines was not independently associated with AKI on admis-
sion (p=0.06). The interaction between the use of nephrotoxic
agents and the other risk factors was explored by combining neph-
rotoxic agents with each of the other risk factors in turn in a model
combining two exposure variables. We found no significant asso-
ciation between nephrotoxin use and AKI on admission when any
of the other risk factors were also present, although there was a
trend towards an association when nephrotoxin use was com-
bined with hypovolaemia (p=0.07).

Eleven patients who did not have AKI on admission developed
it within 72 hours and were therefore considered to have hospital-
acquired AKI (h-AKI). Table 6 summarises the risk profiles of
these patients. It is noteworthy that almost all of these patients
were older than 75 years (90.9%) and on nephrotoxic medications
(90.9%). Nine (81.8%) of the 11 patients had both of these risk
factors. Chronic kidney disease, vascular disease and hypovol-
aemia were also common in these patients (54.5%, 54.5% and
45.5%, respectively).

Phase 2 of the study (n=247) assessed the use of four simple
interventions that could prevent, treat or manage AKI:

+  correction of hypovolaemia

+  cessation of potentially nephrotoxic drugs
+  charting of fluid balance

+ monitoring of serum biochemistry.

The evidence showed failure to perform these steps in a sig-
nificant number of patients. Of the 247 patients in phase 2, 122
(49.4%) were taking potentially nephrotoxic medications at
the time of admission. Nephrotoxic agents were continued in
85 (69.7%) patients. For 24 (19.7%) of these patients, the drugs
were continued despite a documented clinical indication for
stopping them (AKI, hypovolaemia, hypotension or sepsis).
This included six patients with AKI on admission (Table 7).
Nineteen (7.7%) patients were excluded from the analysis as
data collectors were unable to determine with certainty whether
or not nephrotoxins should have been stopped.

Seventy-six (30.8%) patients received intravenous fluids.
Fourteen (16.7%) of the 84 patients determined to have a clin-
ical indication for intravenous fluids did not receive them.
Ninety-six (38.9%) patients had clinical indications for charting
of fluid balance, but such charts were not made for 34 (35.4%)
of these patients. Fluid-balance charts were also not recorded for
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Table 2. Baseline characteristics of 311 patients.

Characteristic Value
Mean (SD) age 67.0 (18.5)
Male (n, %) 162 (52.3)
Acute kidney injury (n, %) 55 (17.7)
Hypotension (n, %) 23 (7.5)
Sepsis (n, %) 69 (22.3)
Hypovolaemia (n, %) 81 (26.6)
Chronic kidney disease (n, %) 72 (23.4)
Vascular disease (n, %) 113 (36.7)
Congestive cardiac failure (n, %) 27 (8.8)
Diabetes (n, %) 66 (21.2)
Jaundice (n, %) 13 (4.2)
Nephrotoxins (n, %) 156 (51.5)
Mean (SD) serum creatinine on admission (umol/I) 108.3 (82.0)

SD = standard deviation.

Table 3. Univariable analysis of risk factors for c-AKI.

Variable c-AKI No c-AKI p value

(n=55) (n=256)

(%) (%)
Age >75 years 31 (56.4) 100 (39.1) 0.018
Male 32 (58.2) 130 (51.0) 0.332
Hypotension 10 (18.9) 13 (5.1) 0.001
Sepsis 23 (43.4) 46 (18.0) <0.0001
Hypovolaemia 31 (58.5) 50 (19.9) <0.0001
Chronic kidney disease 24 (46.2) 48 (18.8) <0.0001
Vascular disease 25 (45.5) 88 (34.8) 0.137
Congestive cardiac failure 9(17.0) 18 (7.1) 0.020
Diabetes 20 (36.4) 46 (18.0) 0.002
Jaundice 2 (3.6) 11 (4.3) 0.820
Nephrotoxins 34 (63.0) 122 (49.0) 0.063

c-AKI = community-acquired acute kidney injury.

Table 4. Unadjusted and adjusted* odds ratios for risk factors

associated with c-AKI.

Variable Unadjusted Adjusted p value
OR OR (95% Cl)

Sepsis 3.50 2.34(1.05t05.23) 0.038

Hypovolaemia 5.67 6.21 (3.55 to 10.84) <0.0001

Chronic kidney disease  3.71 3.92 (2.39t0 6.42)  <0.0001

Diabetes 2.61 2.75(1.32t0 5.72) 0.007

*each odds ratio is adjusted for the other variables in the table.
c-AKI = community-acquired acute kidney injury; Cl = confidence interval;
OR = odds ratio.
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Fig 1. Distribution of number of risk factors for patients with and
without c-AKI (a) and correlation between c-AKI and number of risk
factors (b). c-AKI = community-acquired acute kidney injury.

Table 5. Number of risk factors as a predictor of c-AKI.

Number of risk factors p value for association Odds ratio for

with c-AKI c-AKI
>2 compared with <1 0.0003 7.1
>3 compared with <2 <0.0001 5.6
>4 compared with <3 <0.0001 5.1

c-AKI = community-acquired acute kidney injury.

Table 6. Risk profile of 11 patients with h-AKI.

Risk factor Number (%) of patients with risk factor
Age >75 years 10 (90.9)
Male 5 (45.5)
Hypotension 0

Sepsis 2 (18.2)
Hypovolaemia 5 (45.5)
Chronic kidney disease 6 (54.5)
Vascular disease 6 (54.5)
Congestive cardiac failure 1(9.1)
Diabetes mellitus 2 (18.2)
Jaundice 1(9.1)
Nephrotoxic medication 10 (90.9)

h-AKI = hospital-acquired acute kidney injury.
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14 (38.9%) of 36 patients with biochemical evidence of AKI on
admission, and serum biochemistry was not rechecked within 24
hours in 11 (30.6%) of patients with AKI on admission.

Discussion

Acute kidney injury can be considered as community acquired
(present at the time of or apparent within 24 hours of hospital
admission) or hospital acquired (developing >24 hours after
hospital admission). Patients with AKI on admission need to
be recognised promptly, with appropriate steps taken to amel-
iorate progression of the injury and reduce the associated
short- and long-term complications. It is equally important to
recognise the development of h-AKI following admission, as
highlighted in the NCEPOD report.® Currently, no validated
AKI risk calculators are available for patients with undifferen-
tiated acute medical illness. This study has identified the
prevalence and significance of a number of previously described
risk factors associated with patients admitted with AKI. It is
important to identify these risk factors, as patients admitted to
the AMU are increasingly elderly, with several comorbidities
and multiple medications. This study confirms that AKI is a
common problem in this patient population, affecting 17.7%
of patients at the time of admission and a further 3.5% over
the next 72 hours. As expected, risk factors for c-AKI are also
common, with a median of two risk factors for unselected
admissions and four for patients with c-AKI. Hypovolaemia,
CKD, sepsis and diabetes mellitus had the strongest association
with ¢-AKI, with odds ratios of 6.21, 3.92, 2.34 and 2.75,
respectively. The number of risk factors for an individual
patient was strongly associated with the likelihood of having
AKI on admission (Fig 1B), with >2 risk factors giving an odds
ratio of 7.1 compared to <I risk factor.

More than half of the patients surveyed were on potentially
nephrotoxic medications at the time of admission; there was no
significant association between the use of nephrotoxic medica-
tions and the presence of c-AKI, although there was a trend
towards an association in patients who also had hypovolaemia.
The pharmacological effects of drugs such as ACE inhibitors and
diuretics suggest that they are likely to increase the risk of AKI
during intercurrent illness, and this inter-relationship is com-
monly seen in clinical practice. This study may have been under-
powered to detect this association. It is also noteworthy that
more than 90% of patients who developed h-AKI within 72
hours of admission were on nephrotoxic medications. Numbers
were too small to allow statistical analysis, but eight of the 11
patients with h-AKI were elderly and on nephrotoxic drugs,
which suggests that this cohort may be at particular risk. Further
research is needed to evaluate this finding and to define more
fully the risk factors for h-AKI.

Although it is now 3 years since the publication of the NCEPOD
report in 2009, the data presented indicate that there is a contin-
uing problem with the management of patients with AKI. Four
simple interventions that could prevent, treat or manage AKI were
examined. A limitation of the study is that assessment of the
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clinical indications for each intervention was based only on what
was documented for each patient, but our audit tool gave clini-
cians the option to record ‘unknown’ if they felt there was insuf-
ficient information to make a decision. Data collection was
performed by (or discussed with) senior clinicians at each site.

Charting of fluid balance was the least reliable process, being
omitted for 35.4% of patients for whom a clinical indication for
charting was documented, including 38.9% of patients with
AKI. Nephrotoxic agents were continued in 19.7% of patients
who had documented indications for stopping them, including
six patients with AKI on admission. Intravenous fluids were not
given to 16.7% of patients in whom they were indicated, and
serum biochemistry was not rechecked within 24 hours in
30.6% of patients with AKI on admission. These figures show
that a significant number of patients who have AKI or are at risk
of developing it do not receive adequate management. This may
in part be due to a lack of understanding about risk factors for
AKI in acute medical patients and hence a failure to recognise
these patients when they present with a range of other acute ill-
nesses. Muniraju et al recently found that 30% of trainee doc-
tors in the UK were unable to name more than two risk factors
for AKL!

The NCEPOD report found that quality of care was worse for
patients who developed AKI after admission than for those who
were admitted with AKL® Our study followed patients only for
72 hours after admission and so will not have identified all the
patients who subsequently developed h-AKI. However, we found
11 patients who developed h-AKI within the first 3 days after
admission. Interestingly, 10 of these patients were on nephro-
toxic medications and 10 were older than 75 years. The mean
number of risk factors for AKI in this group was 3.9, which sug-
gests that their increased risk of h-AKI could be identified on
admission. Despite this, fluid balance was charted in only three
(27.3%) patients, and nephrotoxins were discontinued in only
five (50%) patients (Table 8). These results emphasise the
importance of improving risk assessment for AKI in acute
medical patients.

A further potential limitation of this study is that several of
the contributing hospitals had small numbers of medical admis-
sions (six of the 10 centres had fewer than 20 admissions per day
and one of these contributed only four patients over a 24-hour
period). It will be important to confirm that these results are
generalisable to larger hospitals.

Conclusion

This study identified several key risk factors that are associated
with c-AKI. The presence of two or more risk factors correlates
with a significantly increased risk of having c-AKI on admission.
An important question will be whether these same risk factors
are associated with patients developing h-AKI, and further work
is required to clarify this. With an area under the ROC curve of
0.837, our data suggest that it may be possible to develop a
weighted AKI risk calculator to be applied to patients with
undifferentiated acute medical problems to identify those at
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increased risk. Such a tool could be used in the community and
in the hospital setting and could be linked to a simple response
algorithm or ‘AKI care bundle, prompting both primary care
physicians and hospital-based clinicians to review medications,
assess volume status and monitor kidney function. Such an
approach could be an important step towards ensuring reliable
recognition and management of patients at risk of AKI.

Acknowledgements

Hospitals (and clinicians) contributing data to this study were: Dumfries
and Galloway Royal Infirmary (Dr Sian Finlay); Grantham and District
Hospital (Drs Laura James and Shirin Boardman); Leighton Hospital, Mid
Cheshire (Dr Shirley Hammersley); Princess Royal University Hospital,
London (Dr Anita Banerjee); Queen Elizabeth Hospital, King’s Lynn (Dr
D Bhattacharjee); Queen Margaret Hospital, Dunfermline (Dr Laura
Clark); Royal Victory Infirmary, Newcastle (Drs Jane Atkinson and Satyam
Veeratterapillary); Western General Hospital, Edinburgh (Dr Matthew
King); Sheffield University Teaching Hospital; and Wishaw General
Hospital, Lanarkshire (Dr Ali Harmouche). The authors also acknowledge
the significant contribution of Heather Barrington (Dumfries) to the sta-
tistical analysis.

Table 7. Implementation of management measures.

Management measure With Without Total (%)
c-AKI (%)  c-AKI (%)
Nephrotoxins
Taking nephrotoxins 21 (58.3) 101 (47.9) 122 (49.4)
Discontinued 11 (52.4) 19 (18.8) 30 (24.6)
Continued appropriately 0(0) 59 (58.4) 59 (48.4)
Continued inappropriately 6 (28.6) 18 (17.8) 24 (19.7)
Intravenous fluids
Received 24 (66.7) 52 (24.6) 76 (30.8)
E!:I::lzxzdt:::d butdid 5 130)  9(a3) 14(16.7)
Biochemistry
Rechecked 24 (66.7) 76 (36.0) 100 (40.5)
Not rechecked 11 (30.6) 136 (64.5) 147 (59.5)
Chart fluid balance
Charted 21 (58.3) 44 (20.9) 65 (26.3)
Clinically indicated but 14 (38.9) 20 (33.3) 34 (35.4)

not charted

c-AKI = community-acquired acute kidney injury.

Table 8. Management of patients who developed h-AKI.

Management measure Number (%) of patients

Nephrotoxins stopped 5 (50)

Intravenous fluids 4 (36.4)
Chart fluid balance 3(27.3)
Repeat biochemistry in 24 hours 8(72.7)

h-AKI = hospital-acquired acute kidney injury.
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