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We Now Have Definitions…

Stage Serum  Creatinine Urine  Output
1 ≥  1.5-­1.9  times  baseline  or  

0.3  mg/dl  (>26.4  µmol/L)  increase
<  0.5  ml/kg.h  for  ≥  6-­12  
hrs

2 ≥  2.0-­2.9  times  baseline <  0.5  ml/kg.h  for  ≥  12  hrs

3 ≥  3.0  times  baseline  
OR  increase  in  creatinine  ≥  4  
mg/dl
(352  µmol/L)  

In  patients  <  18  yrs  decrease  of  
eGFR  to  35  ml/kg/1.73  m²

<  0.3  ml/kg.h  for  ≥  24  hrs
OR  
Anuria  ≥  12  hrs
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Why Is AKI Important?

• Common

• High Mortality

• Heavy Burden of Illness
• Acute
•‘Chronic’

• Cost Implications
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Not  One  Disease  :  No  One  
Diagnostic  Test
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• Hypotension, Oliguria

• Liver Failure, Hypoalbuminaemia

• Sepsis 

• Mechanical Ventilation
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What about in well defined 
populations?

• Cardiac Surgery

•Known Baseline
•Timed Insult
•Accurate Data Collection









Variable  Endpoints
Not  Applicable  to  the  Majority  of  our  Patients

Can  We  Even  Identify  AKI?



E-Mail karger@karger.com

 Original Paper 

 Nephron Clin Pract  2013;123:143–150
 DOI: 10.1159/000351509 

 Identifying the Patient at Risk of Acute Kidney 
Injury: A Predictive Scoring System for the 
Development of Acute Kidney Injury in Acute 
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medical patients at greater risk of developing AKI.  Conclu-
sions:  The incidence of AKI complicating inpatient admis-
sions remains high, however with the application of the de-
rived AKI prediction score it is hoped that early recognition 
will translate to improved outcomes. 

 Copyright © 2013 S. Karger AG, Basel 

 Introduction 

 In recent years the concept of acute renal failure has 
been subject to considerable scrutiny. This has been trig-
gered, in part, by the observation that hitherto regarded 
trivial rises in endogenous estimates of glomerular filtra-
tion such as creatinine may lead to serious clinical con-
sequences  [1, 2] . Why such small increases in the serum 
creatinine lead to increased in-hospital mortality is far 
from clear but probably reflects the cumulative effects of 
volume overload, retention of uremic compounds, met-
abolic acidosis, electrolyte imbalance and an increased 
risk for infection observed as a consequence  of acute 
kidney injury (AKI)  [3] . There is also evidence that renal 
injury may incite a pro-inflammatory cascade leading to 
systemic implications for distant organs  [4] . Epidemio-
logical studies on acute renal failure were previously 
hampered by lack of a consensus in definition. This was 

 Key Words 
 Acute kidney injury · Scoring systems · 
Acute medical admissions 

 Abstract 
  Background:  Acute kidney injury (AKI) in hospitalized pa-
tients has significant implications in terms of morbidity and 
mortality, length of hospital stay and associated costs. To 
date, no interventions are proven to prevent the develop-
ment of AKI but this is hampered in part by the lack of ear-
ly  recognition of patients at risk. We aimed to determine 
whether a simple system could be devised from both physi-
ological and demographic data in order to identify individu-
als at increased risk from the development of inpatient AKI. 
 Method:  Our observational, population-based single-cen-
tred study took place in an 870-bed associated university 
hospital. All patients admitted to the acute medical admis-
sions unit on the Worthing site of the Western Sussex Hospi-
tals Trust during the study period were included.  Results:  
Multivariate logistic regression analysis demonstrated that 
age, respiratory rate and disturbed consciousness together 
with a history of chronic kidney disease, diabetes mellitus, 
congestive cardiac failure and liver disease were associated 
with an increased risk of developing AKI within 7 days of ad-
mission. We derived a simple scoring system to identify acute 
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initially addressed by the Acute Dialysis Quality Initia-
tive in 2004 that attempted to define acute renal failure 
through changes in serum creatinine and urine output. 
This led to the RIFLE classification and the introduction 
of the concept of AKI  [5] . The RIFLE criteria were sub-
sequently modified by the Acute Kidney Injury Network 
(AKIN) in 2007 and more recently by the Kidney Dis-
ease Improving Global Outcome initiative that has pro-
duced extensive practice guidelines for the management 
of AKI  [6, 7] .

  AKI is common in hospitalized patients with a report-
ed incidence of between 10 and 20% but can be as high 
as 70% in the critically ill  [8] . Much of the early data ex-
amining the outcome of patients with AKI focused on the 
critically ill but increasingly, evidence is accruing which 
has highlighted the fact that patients with AKI regard-
less of clinical setting have worse outcomes  [9] . This is 
reflected not only in terms of mortality risk but also an 
increase in the development of chronic kidney disease 
with its associated complications  [10] . Recently, the 
management of AKI in the UK highlighted inadequacies 
in the general care of these patients in non-specialist ar-
eas citing that  ‘predictable and avoidable AKI should nev-
er occur’  and that there should be robust assessment of 
contributory risk factors towards AKI  [11] . In over 40% 
of cases there was deemed to be an unacceptable delay in 
diagnosing AKI and in 20% of cases the AKI was thought 
to be both predictable and avoidable. Parallels can be 
drawn with similar reports on the care of acute medical 
emergencies which highlighted the need for improved 
recognition of the deteriorating patient leading to the 
use of track and trigger systems utilizing a physiological 
warning score. However, it is not known whether the 
adoption of a purely physiological based score is appli-
cable in predicting those at risk of developing AKI.

  Several studies have tried to address this problem. In 
particular, electronic systems have been studied where 
automated warnings of rises in serum creatinine have 
been generated  [12] . Such alert systems highlight a rise 
in creatinine after insult but do not inform as to the pa-
tients at risk of developing AKI although the risk for de-
velopment of AKI has been studied in specific patient 
groups predominantly surgical  [13] . An AKI risk index 
for patients undergoing general surgery has been de-
scribed where patients developing a rise in serum cre-
atinine >177 μmol/l (>2 mg/dl) or AKI necessitating di-
alysis were found to have 11 independent preoperative 
predictors of AKI. In keeping with other work, they also 
demonstrated an eightfold increase in mortality in pa-
tients who developed AKI  [14] . However, few attempts 

have been made to try to identify patients at risk of de-
veloping AKI when admitted to hospital as acute medi-
cal emergencies outside of critical care. Attempts have 
been made to utilize electronic health records to pro-
duce a risk stratification model but this is not easily ap-
plied at the bedside and does not employ any physiolog-
ical parameters  [15] .

  The aim of this study was to investigate the relative 
contributions of electronically monitored patient admis-
sion physiology (respiratory rate, heart rate, arterial pres-
sure, temperature, oxygen saturation and conscious level) 
together with biochemical parameters and known co-
morbidities to devise a practical, robust scoring system 
that is easily calculable and can rapidly identify patients 
at risk of developing AKI following admission.

  Methods 

 Setting 
 This prospective, observational study was conducted in the 

acute medical admissions unit (AMU) of the Worthing site of the 
Western Sussex Hospitals Trust. The Western Sussex Hospitals 
Trust is an 870-bed affiliated university hospital on the south coast 
of England. The Worthing site has an annual emergency depart-
ment attendance of >100,000 with 30–35 acute medical admis-
sions  per 24-hour period. Patients are admitted either directly 
from the local primary care physicians, outpatients or through the 
A&E department. Ethical approval had been obtained from the 
NHS Research Ethics Committee (REC No. 05/Q1911/62) and 
processes in place for the initial work including displaying infor-
mation posters explaining the AMU-based research were contin-
ued throughout the period of this study.

  Procedures 
 All patients admitted through the AMU had physiological ob-

servations measured and then entered via handheld systems into 
the clinical data software system VitalPAC TM . The physiological 
variables on admission to the acute medical unit recorded include 
systolic and diastolic blood pressure, heart rate and oxygen satura-
tion in air (measured with either a Vital Signs Monitor VS-800, 
Mindray Medical International Ltd, or Dynascope DS-7100, Fu-
kuda Denshi Co. Ltd), respiratory rate and the AVPU score. The 
consort diagram is shown in  figure 1 .

  Determination of AKI 
 In order to determine which patients developed AKI during 

the inpatient episode, only patients who had a known preadmis-
sion creatinine were entered into the study. A preadmission cre-
atinine was defined for our purposes as any creatinine measured 
more than a month and less than 6 months prior to admission. 
When multiple measurements were available the one closest to 
admission date was taken as baseline. AKI was defined using the 
KDIGO guidelines as any of the following: (1) increase in serum 
creatinine by  ≥ 26.5 μmol/l ( ≥ 0.3 mg/dl) within 48 h, or (2) in-
crease in serum creatinine to  ≥ 1.5 times baseline, which is known 
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that during a 5-year period, over 4% of admissions ex-
perienced an episode of hospital-acquired AKI with a 
mortality observed of 19.5%  [19] .

  Several limitations can be aimed at our work. Firstly 
we have defined AKI purely on the basis of changes in the 

serum creatinine. However, as outlined, accurate urine 
output is often not available in acute medical admissions 
and in this cohort there was no initial indication that 
AKI may be a complicating problem which may prompt 
urinary catheterization. Secondly, it is a single-centre 
study. However, it does employ data from acute general 
medical patients admitted to an acute medical unit in 
keeping with the model used in much of the UK and as 
such is representative of common practice. Thirdly, no 
information as to the cause of the AKI is given. This is 
deliberate. The aim of this tool is not to be diagnostic but 
to act as an alert: part of the problem with defining AKI 
using the current definitions is that it is not ‘diagnostic’ 
but purely a function of changes in a biochemical param-
eter plus observed urine output. Indeed, much of the evi-
dence base surrounding the initial conception of AKI 
was  based on perturbations in creatinine whereas the 
agreed criteria for urine output are far less robust. What 
is interesting is that despite the cause of AKI, the model 
seems to be predictive of outcome albeit with a moder-
ate AUC performance. Of particular note is that some of 
the called classical risk factors for AKI do not seem to aid 
prediction. Within co-morbidities the presence of malig-
nancy for example was not found to be predictive for the 
development of AKI in contrast to other studies. Thus 
classical ‘risk factors’ may need addressing, particularly 
as for example neither accepted indicators of a systemic 
inflammatory response including arterial pressure, pulse 
and temperature, nor biochemical markers were statisti-
cally significant in predicting the development of AKI. 
This is somewhat surprising given the epidemiological 
data available regarding AKI where sepsis is one of the 
leading causes of AKI. However, these mainly retrospec-
tive data are predominantly from the ICU population and 
as such may not be directly applicable to the general med-
ical emergency admission. Moreover, it is likely that pa-

Table 4.  APS – acute kidney injury prediction score

 Score
0 1 2 3

Age <60 60–79 ≥80
RR <20 ≥20
AVPU alert other
CKD stage 3a–5 N Y
CCF N Y
DM N Y
Liver disease N Y
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initially addressed by the Acute Dialysis Quality Initia-
tive in 2004 that attempted to define acute renal failure 
through changes in serum creatinine and urine output. 
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of the concept of AKI  [5] . The RIFLE criteria were sub-
sequently modified by the Acute Kidney Injury Network 
(AKIN) in 2007 and more recently by the Kidney Dis-
ease Improving Global Outcome initiative that has pro-
duced extensive practice guidelines for the management 
of AKI  [6, 7] .

  AKI is common in hospitalized patients with a report-
ed incidence of between 10 and 20% but can be as high 
as 70% in the critically ill  [8] . Much of the early data ex-
amining the outcome of patients with AKI focused on the 
critically ill but increasingly, evidence is accruing which 
has highlighted the fact that patients with AKI regard-
less of clinical setting have worse outcomes  [9] . This is 
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increase in the development of chronic kidney disease 
with its associated complications  [10] . Recently, the 
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recognition of the deteriorating patient leading to the 
use of track and trigger systems utilizing a physiological 
warning score. However, it is not known whether the 
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cable in predicting those at risk of developing AKI.

  Several studies have tried to address this problem. In 
particular, electronic systems have been studied where 
automated warnings of rises in serum creatinine have 
been generated  [12] . Such alert systems highlight a rise 
in creatinine after insult but do not inform as to the pa-
tients at risk of developing AKI although the risk for de-
velopment of AKI has been studied in specific patient 
groups predominantly surgical  [13] . An AKI risk index 
for patients undergoing general surgery has been de-
scribed where patients developing a rise in serum cre-
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alysis were found to have 11 independent preoperative 
predictors of AKI. In keeping with other work, they also 
demonstrated an eightfold increase in mortality in pa-
tients who developed AKI  [14] . However, few attempts 
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veloping AKI when admitted to hospital as acute medi-
cal emergencies outside of critical care. Attempts have 
been made to utilize electronic health records to pro-
duce a risk stratification model but this is not easily ap-
plied at the bedside and does not employ any physiolog-
ical parameters  [15] .
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sion physiology (respiratory rate, heart rate, arterial pres-
sure, temperature, oxygen saturation and conscious level) 
together with biochemical parameters and known co-
morbidities to devise a practical, robust scoring system 
that is easily calculable and can rapidly identify patients 
at risk of developing AKI following admission.

  Methods 

 Setting 
 This prospective, observational study was conducted in the 

acute medical admissions unit (AMU) of the Worthing site of the 
Western Sussex Hospitals Trust. The Western Sussex Hospitals 
Trust is an 870-bed affiliated university hospital on the south coast 
of England. The Worthing site has an annual emergency depart-
ment attendance of >100,000 with 30–35 acute medical admis-
sions  per 24-hour period. Patients are admitted either directly 
from the local primary care physicians, outpatients or through the 
A&E department. Ethical approval had been obtained from the 
NHS Research Ethics Committee (REC No. 05/Q1911/62) and 
processes in place for the initial work including displaying infor-
mation posters explaining the AMU-based research were contin-
ued throughout the period of this study.

  Procedures 
 All patients admitted through the AMU had physiological ob-

servations measured and then entered via handheld systems into 
the clinical data software system VitalPAC TM . The physiological 
variables on admission to the acute medical unit recorded include 
systolic and diastolic blood pressure, heart rate and oxygen satura-
tion in air (measured with either a Vital Signs Monitor VS-800, 
Mindray Medical International Ltd, or Dynascope DS-7100, Fu-
kuda Denshi Co. Ltd), respiratory rate and the AVPU score. The 
consort diagram is shown in  figure 1 .

  Determination of AKI 
 In order to determine which patients developed AKI during 

the inpatient episode, only patients who had a known preadmis-
sion creatinine were entered into the study. A preadmission cre-
atinine was defined for our purposes as any creatinine measured 
more than a month and less than 6 months prior to admission. 
When multiple measurements were available the one closest to 
admission date was taken as baseline. AKI was defined using the 
KDIGO guidelines as any of the following: (1) increase in serum 
creatinine by  ≥ 26.5 μmol/l ( ≥ 0.3 mg/dl) within 48 h, or (2) in-
crease in serum creatinine to  ≥ 1.5 times baseline, which is known 
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that during a 5-year period, over 4% of admissions ex-
perienced an episode of hospital-acquired AKI with a 
mortality observed of 19.5%  [19] .

  Several limitations can be aimed at our work. Firstly 
we have defined AKI purely on the basis of changes in the 

serum creatinine. However, as outlined, accurate urine 
output is often not available in acute medical admissions 
and in this cohort there was no initial indication that 
AKI may be a complicating problem which may prompt 
urinary catheterization. Secondly, it is a single-centre 
study. However, it does employ data from acute general 
medical patients admitted to an acute medical unit in 
keeping with the model used in much of the UK and as 
such is representative of common practice. Thirdly, no 
information as to the cause of the AKI is given. This is 
deliberate. The aim of this tool is not to be diagnostic but 
to act as an alert: part of the problem with defining AKI 
using the current definitions is that it is not ‘diagnostic’ 
but purely a function of changes in a biochemical param-
eter plus observed urine output. Indeed, much of the evi-
dence base surrounding the initial conception of AKI 
was  based on perturbations in creatinine whereas the 
agreed criteria for urine output are far less robust. What 
is interesting is that despite the cause of AKI, the model 
seems to be predictive of outcome albeit with a moder-
ate AUC performance. Of particular note is that some of 
the called classical risk factors for AKI do not seem to aid 
prediction. Within co-morbidities the presence of malig-
nancy for example was not found to be predictive for the 
development of AKI in contrast to other studies. Thus 
classical ‘risk factors’ may need addressing, particularly 
as for example neither accepted indicators of a systemic 
inflammatory response including arterial pressure, pulse 
and temperature, nor biochemical markers were statisti-
cally significant in predicting the development of AKI. 
This is somewhat surprising given the epidemiological 
data available regarding AKI where sepsis is one of the 
leading causes of AKI. However, these mainly retrospec-
tive data are predominantly from the ICU population and 
as such may not be directly applicable to the general med-
ical emergency admission. Moreover, it is likely that pa-

Table 4.  APS – acute kidney injury prediction score

 Score
0 1 2 3

Age <60 60–79 ≥80
RR <20 ≥20
AVPU alert other
CKD stage 3a–5 N Y
CCF N Y
DM N Y
Liver disease N Y
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  Fig. 3.  Percentage of patients developing AKI within 7 days of ad-
mission according to the APS. 
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  Fig. 2.  Receiver operator characteristic curve for the AKI predic-
tion score. 
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that during a 5-year period, over 4% of admissions ex-
perienced an episode of hospital-acquired AKI with a 
mortality observed of 19.5%  [19] .

  Several limitations can be aimed at our work. Firstly 
we have defined AKI purely on the basis of changes in the 

serum creatinine. However, as outlined, accurate urine 
output is often not available in acute medical admissions 
and in this cohort there was no initial indication that 
AKI may be a complicating problem which may prompt 
urinary catheterization. Secondly, it is a single-centre 
study. However, it does employ data from acute general 
medical patients admitted to an acute medical unit in 
keeping with the model used in much of the UK and as 
such is representative of common practice. Thirdly, no 
information as to the cause of the AKI is given. This is 
deliberate. The aim of this tool is not to be diagnostic but 
to act as an alert: part of the problem with defining AKI 
using the current definitions is that it is not ‘diagnostic’ 
but purely a function of changes in a biochemical param-
eter plus observed urine output. Indeed, much of the evi-
dence base surrounding the initial conception of AKI 
was  based on perturbations in creatinine whereas the 
agreed criteria for urine output are far less robust. What 
is interesting is that despite the cause of AKI, the model 
seems to be predictive of outcome albeit with a moder-
ate AUC performance. Of particular note is that some of 
the called classical risk factors for AKI do not seem to aid 
prediction. Within co-morbidities the presence of malig-
nancy for example was not found to be predictive for the 
development of AKI in contrast to other studies. Thus 
classical ‘risk factors’ may need addressing, particularly 
as for example neither accepted indicators of a systemic 
inflammatory response including arterial pressure, pulse 
and temperature, nor biochemical markers were statisti-
cally significant in predicting the development of AKI. 
This is somewhat surprising given the epidemiological 
data available regarding AKI where sepsis is one of the 
leading causes of AKI. However, these mainly retrospec-
tive data are predominantly from the ICU population and 
as such may not be directly applicable to the general med-
ical emergency admission. Moreover, it is likely that pa-

Table 4.  APS – acute kidney injury prediction score

 Score
0 1 2 3

Age <60 60–79 ≥80
RR <20 ≥20
AVPU alert other
CKD stage 3a–5 N Y
CCF N Y
DM N Y
Liver disease N Y
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mission according to the APS. 
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initially addressed by the Acute Dialysis Quality Initia-
tive in 2004 that attempted to define acute renal failure 
through changes in serum creatinine and urine output. 
This led to the RIFLE classification and the introduction 
of the concept of AKI  [5] . The RIFLE criteria were sub-
sequently modified by the Acute Kidney Injury Network 
(AKIN) in 2007 and more recently by the Kidney Dis-
ease Improving Global Outcome initiative that has pro-
duced extensive practice guidelines for the management 
of AKI  [6, 7] .

  AKI is common in hospitalized patients with a report-
ed incidence of between 10 and 20% but can be as high 
as 70% in the critically ill  [8] . Much of the early data ex-
amining the outcome of patients with AKI focused on the 
critically ill but increasingly, evidence is accruing which 
has highlighted the fact that patients with AKI regard-
less of clinical setting have worse outcomes  [9] . This is 
reflected not only in terms of mortality risk but also an 
increase in the development of chronic kidney disease 
with its associated complications  [10] . Recently, the 
management of AKI in the UK highlighted inadequacies 
in the general care of these patients in non-specialist ar-
eas citing that  ‘predictable and avoidable AKI should nev-
er occur’  and that there should be robust assessment of 
contributory risk factors towards AKI  [11] . In over 40% 
of cases there was deemed to be an unacceptable delay in 
diagnosing AKI and in 20% of cases the AKI was thought 
to be both predictable and avoidable. Parallels can be 
drawn with similar reports on the care of acute medical 
emergencies which highlighted the need for improved 
recognition of the deteriorating patient leading to the 
use of track and trigger systems utilizing a physiological 
warning score. However, it is not known whether the 
adoption of a purely physiological based score is appli-
cable in predicting those at risk of developing AKI.

  Several studies have tried to address this problem. In 
particular, electronic systems have been studied where 
automated warnings of rises in serum creatinine have 
been generated  [12] . Such alert systems highlight a rise 
in creatinine after insult but do not inform as to the pa-
tients at risk of developing AKI although the risk for de-
velopment of AKI has been studied in specific patient 
groups predominantly surgical  [13] . An AKI risk index 
for patients undergoing general surgery has been de-
scribed where patients developing a rise in serum cre-
atinine >177 μmol/l (>2 mg/dl) or AKI necessitating di-
alysis were found to have 11 independent preoperative 
predictors of AKI. In keeping with other work, they also 
demonstrated an eightfold increase in mortality in pa-
tients who developed AKI  [14] . However, few attempts 

have been made to try to identify patients at risk of de-
veloping AKI when admitted to hospital as acute medi-
cal emergencies outside of critical care. Attempts have 
been made to utilize electronic health records to pro-
duce a risk stratification model but this is not easily ap-
plied at the bedside and does not employ any physiolog-
ical parameters  [15] .

  The aim of this study was to investigate the relative 
contributions of electronically monitored patient admis-
sion physiology (respiratory rate, heart rate, arterial pres-
sure, temperature, oxygen saturation and conscious level) 
together with biochemical parameters and known co-
morbidities to devise a practical, robust scoring system 
that is easily calculable and can rapidly identify patients 
at risk of developing AKI following admission.

  Methods 

 Setting 
 This prospective, observational study was conducted in the 

acute medical admissions unit (AMU) of the Worthing site of the 
Western Sussex Hospitals Trust. The Western Sussex Hospitals 
Trust is an 870-bed affiliated university hospital on the south coast 
of England. The Worthing site has an annual emergency depart-
ment attendance of >100,000 with 30–35 acute medical admis-
sions  per 24-hour period. Patients are admitted either directly 
from the local primary care physicians, outpatients or through the 
A&E department. Ethical approval had been obtained from the 
NHS Research Ethics Committee (REC No. 05/Q1911/62) and 
processes in place for the initial work including displaying infor-
mation posters explaining the AMU-based research were contin-
ued throughout the period of this study.

  Procedures 
 All patients admitted through the AMU had physiological ob-

servations measured and then entered via handheld systems into 
the clinical data software system VitalPAC TM . The physiological 
variables on admission to the acute medical unit recorded include 
systolic and diastolic blood pressure, heart rate and oxygen satura-
tion in air (measured with either a Vital Signs Monitor VS-800, 
Mindray Medical International Ltd, or Dynascope DS-7100, Fu-
kuda Denshi Co. Ltd), respiratory rate and the AVPU score. The 
consort diagram is shown in  figure 1 .

  Determination of AKI 
 In order to determine which patients developed AKI during 

the inpatient episode, only patients who had a known preadmis-
sion creatinine were entered into the study. A preadmission cre-
atinine was defined for our purposes as any creatinine measured 
more than a month and less than 6 months prior to admission. 
When multiple measurements were available the one closest to 
admission date was taken as baseline. AKI was defined using the 
KDIGO guidelines as any of the following: (1) increase in serum 
creatinine by  ≥ 26.5 μmol/l ( ≥ 0.3 mg/dl) within 48 h, or (2) in-
crease in serum creatinine to  ≥ 1.5 times baseline, which is known 
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that during a 5-year period, over 4% of admissions ex-
perienced an episode of hospital-acquired AKI with a 
mortality observed of 19.5%  [19] .

  Several limitations can be aimed at our work. Firstly 
we have defined AKI purely on the basis of changes in the 

serum creatinine. However, as outlined, accurate urine 
output is often not available in acute medical admissions 
and in this cohort there was no initial indication that 
AKI may be a complicating problem which may prompt 
urinary catheterization. Secondly, it is a single-centre 
study. However, it does employ data from acute general 
medical patients admitted to an acute medical unit in 
keeping with the model used in much of the UK and as 
such is representative of common practice. Thirdly, no 
information as to the cause of the AKI is given. This is 
deliberate. The aim of this tool is not to be diagnostic but 
to act as an alert: part of the problem with defining AKI 
using the current definitions is that it is not ‘diagnostic’ 
but purely a function of changes in a biochemical param-
eter plus observed urine output. Indeed, much of the evi-
dence base surrounding the initial conception of AKI 
was  based on perturbations in creatinine whereas the 
agreed criteria for urine output are far less robust. What 
is interesting is that despite the cause of AKI, the model 
seems to be predictive of outcome albeit with a moder-
ate AUC performance. Of particular note is that some of 
the called classical risk factors for AKI do not seem to aid 
prediction. Within co-morbidities the presence of malig-
nancy for example was not found to be predictive for the 
development of AKI in contrast to other studies. Thus 
classical ‘risk factors’ may need addressing, particularly 
as for example neither accepted indicators of a systemic 
inflammatory response including arterial pressure, pulse 
and temperature, nor biochemical markers were statisti-
cally significant in predicting the development of AKI. 
This is somewhat surprising given the epidemiological 
data available regarding AKI where sepsis is one of the 
leading causes of AKI. However, these mainly retrospec-
tive data are predominantly from the ICU population and 
as such may not be directly applicable to the general med-
ical emergency admission. Moreover, it is likely that pa-

Table 4.  APS – acute kidney injury prediction score

 Score
0 1 2 3

Age <60 60–79 ≥80
RR <20 ≥20
AVPU alert other
CKD stage 3a–5 N Y
CCF N Y
DM N Y
Liver disease N Y
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  Fig. 3.  Percentage of patients developing AKI within 7 days of ad-
mission according to the APS. 
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  Fig. 2.  Receiver operator characteristic curve for the AKI predic-
tion score. 
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that during a 5-year period, over 4% of admissions ex-
perienced an episode of hospital-acquired AKI with a 
mortality observed of 19.5%  [19] .

  Several limitations can be aimed at our work. Firstly 
we have defined AKI purely on the basis of changes in the 

serum creatinine. However, as outlined, accurate urine 
output is often not available in acute medical admissions 
and in this cohort there was no initial indication that 
AKI may be a complicating problem which may prompt 
urinary catheterization. Secondly, it is a single-centre 
study. However, it does employ data from acute general 
medical patients admitted to an acute medical unit in 
keeping with the model used in much of the UK and as 
such is representative of common practice. Thirdly, no 
information as to the cause of the AKI is given. This is 
deliberate. The aim of this tool is not to be diagnostic but 
to act as an alert: part of the problem with defining AKI 
using the current definitions is that it is not ‘diagnostic’ 
but purely a function of changes in a biochemical param-
eter plus observed urine output. Indeed, much of the evi-
dence base surrounding the initial conception of AKI 
was  based on perturbations in creatinine whereas the 
agreed criteria for urine output are far less robust. What 
is interesting is that despite the cause of AKI, the model 
seems to be predictive of outcome albeit with a moder-
ate AUC performance. Of particular note is that some of 
the called classical risk factors for AKI do not seem to aid 
prediction. Within co-morbidities the presence of malig-
nancy for example was not found to be predictive for the 
development of AKI in contrast to other studies. Thus 
classical ‘risk factors’ may need addressing, particularly 
as for example neither accepted indicators of a systemic 
inflammatory response including arterial pressure, pulse 
and temperature, nor biochemical markers were statisti-
cally significant in predicting the development of AKI. 
This is somewhat surprising given the epidemiological 
data available regarding AKI where sepsis is one of the 
leading causes of AKI. However, these mainly retrospec-
tive data are predominantly from the ICU population and 
as such may not be directly applicable to the general med-
ical emergency admission. Moreover, it is likely that pa-

Table 4.  APS – acute kidney injury prediction score

 Score
0 1 2 3

Age <60 60–79 ≥80
RR <20 ≥20
AVPU alert other
CKD stage 3a–5 N Y
CCF N Y
DM N Y
Liver disease N Y
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  Fig. 3.  Percentage of patients developing AKI within 7 days of ad-
mission according to the APS. 
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initially addressed by the Acute Dialysis Quality Initia-
tive in 2004 that attempted to define acute renal failure 
through changes in serum creatinine and urine output. 
This led to the RIFLE classification and the introduction 
of the concept of AKI  [5] . The RIFLE criteria were sub-
sequently modified by the Acute Kidney Injury Network 
(AKIN) in 2007 and more recently by the Kidney Dis-
ease Improving Global Outcome initiative that has pro-
duced extensive practice guidelines for the management 
of AKI  [6, 7] .

  AKI is common in hospitalized patients with a report-
ed incidence of between 10 and 20% but can be as high 
as 70% in the critically ill  [8] . Much of the early data ex-
amining the outcome of patients with AKI focused on the 
critically ill but increasingly, evidence is accruing which 
has highlighted the fact that patients with AKI regard-
less of clinical setting have worse outcomes  [9] . This is 
reflected not only in terms of mortality risk but also an 
increase in the development of chronic kidney disease 
with its associated complications  [10] . Recently, the 
management of AKI in the UK highlighted inadequacies 
in the general care of these patients in non-specialist ar-
eas citing that  ‘predictable and avoidable AKI should nev-
er occur’  and that there should be robust assessment of 
contributory risk factors towards AKI  [11] . In over 40% 
of cases there was deemed to be an unacceptable delay in 
diagnosing AKI and in 20% of cases the AKI was thought 
to be both predictable and avoidable. Parallels can be 
drawn with similar reports on the care of acute medical 
emergencies which highlighted the need for improved 
recognition of the deteriorating patient leading to the 
use of track and trigger systems utilizing a physiological 
warning score. However, it is not known whether the 
adoption of a purely physiological based score is appli-
cable in predicting those at risk of developing AKI.

  Several studies have tried to address this problem. In 
particular, electronic systems have been studied where 
automated warnings of rises in serum creatinine have 
been generated  [12] . Such alert systems highlight a rise 
in creatinine after insult but do not inform as to the pa-
tients at risk of developing AKI although the risk for de-
velopment of AKI has been studied in specific patient 
groups predominantly surgical  [13] . An AKI risk index 
for patients undergoing general surgery has been de-
scribed where patients developing a rise in serum cre-
atinine >177 μmol/l (>2 mg/dl) or AKI necessitating di-
alysis were found to have 11 independent preoperative 
predictors of AKI. In keeping with other work, they also 
demonstrated an eightfold increase in mortality in pa-
tients who developed AKI  [14] . However, few attempts 

have been made to try to identify patients at risk of de-
veloping AKI when admitted to hospital as acute medi-
cal emergencies outside of critical care. Attempts have 
been made to utilize electronic health records to pro-
duce a risk stratification model but this is not easily ap-
plied at the bedside and does not employ any physiolog-
ical parameters  [15] .

  The aim of this study was to investigate the relative 
contributions of electronically monitored patient admis-
sion physiology (respiratory rate, heart rate, arterial pres-
sure, temperature, oxygen saturation and conscious level) 
together with biochemical parameters and known co-
morbidities to devise a practical, robust scoring system 
that is easily calculable and can rapidly identify patients 
at risk of developing AKI following admission.

  Methods 

 Setting 
 This prospective, observational study was conducted in the 

acute medical admissions unit (AMU) of the Worthing site of the 
Western Sussex Hospitals Trust. The Western Sussex Hospitals 
Trust is an 870-bed affiliated university hospital on the south coast 
of England. The Worthing site has an annual emergency depart-
ment attendance of >100,000 with 30–35 acute medical admis-
sions  per 24-hour period. Patients are admitted either directly 
from the local primary care physicians, outpatients or through the 
A&E department. Ethical approval had been obtained from the 
NHS Research Ethics Committee (REC No. 05/Q1911/62) and 
processes in place for the initial work including displaying infor-
mation posters explaining the AMU-based research were contin-
ued throughout the period of this study.

  Procedures 
 All patients admitted through the AMU had physiological ob-

servations measured and then entered via handheld systems into 
the clinical data software system VitalPAC TM . The physiological 
variables on admission to the acute medical unit recorded include 
systolic and diastolic blood pressure, heart rate and oxygen satura-
tion in air (measured with either a Vital Signs Monitor VS-800, 
Mindray Medical International Ltd, or Dynascope DS-7100, Fu-
kuda Denshi Co. Ltd), respiratory rate and the AVPU score. The 
consort diagram is shown in  figure 1 .

  Determination of AKI 
 In order to determine which patients developed AKI during 

the inpatient episode, only patients who had a known preadmis-
sion creatinine were entered into the study. A preadmission cre-
atinine was defined for our purposes as any creatinine measured 
more than a month and less than 6 months prior to admission. 
When multiple measurements were available the one closest to 
admission date was taken as baseline. AKI was defined using the 
KDIGO guidelines as any of the following: (1) increase in serum 
creatinine by  ≥ 26.5 μmol/l ( ≥ 0.3 mg/dl) within 48 h, or (2) in-
crease in serum creatinine to  ≥ 1.5 times baseline, which is known 
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that during a 5-year period, over 4% of admissions ex-
perienced an episode of hospital-acquired AKI with a 
mortality observed of 19.5%  [19] .

  Several limitations can be aimed at our work. Firstly 
we have defined AKI purely on the basis of changes in the 

serum creatinine. However, as outlined, accurate urine 
output is often not available in acute medical admissions 
and in this cohort there was no initial indication that 
AKI may be a complicating problem which may prompt 
urinary catheterization. Secondly, it is a single-centre 
study. However, it does employ data from acute general 
medical patients admitted to an acute medical unit in 
keeping with the model used in much of the UK and as 
such is representative of common practice. Thirdly, no 
information as to the cause of the AKI is given. This is 
deliberate. The aim of this tool is not to be diagnostic but 
to act as an alert: part of the problem with defining AKI 
using the current definitions is that it is not ‘diagnostic’ 
but purely a function of changes in a biochemical param-
eter plus observed urine output. Indeed, much of the evi-
dence base surrounding the initial conception of AKI 
was  based on perturbations in creatinine whereas the 
agreed criteria for urine output are far less robust. What 
is interesting is that despite the cause of AKI, the model 
seems to be predictive of outcome albeit with a moder-
ate AUC performance. Of particular note is that some of 
the called classical risk factors for AKI do not seem to aid 
prediction. Within co-morbidities the presence of malig-
nancy for example was not found to be predictive for the 
development of AKI in contrast to other studies. Thus 
classical ‘risk factors’ may need addressing, particularly 
as for example neither accepted indicators of a systemic 
inflammatory response including arterial pressure, pulse 
and temperature, nor biochemical markers were statisti-
cally significant in predicting the development of AKI. 
This is somewhat surprising given the epidemiological 
data available regarding AKI where sepsis is one of the 
leading causes of AKI. However, these mainly retrospec-
tive data are predominantly from the ICU population and 
as such may not be directly applicable to the general med-
ical emergency admission. Moreover, it is likely that pa-

Table 4.  APS – acute kidney injury prediction score

 Score
0 1 2 3

Age <60 60–79 ≥80
RR <20 ≥20
AVPU alert other
CKD stage 3a–5 N Y
CCF N Y
DM N Y
Liver disease N Y
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  Fig. 3.  Percentage of patients developing AKI within 7 days of ad-
mission according to the APS. 
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  Fig. 2.  Receiver operator characteristic curve for the AKI predic-
tion score. 
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How Do We Prevent AKI??



Don’t Get Admitted to 
Hospital…



UK	
  Renal	
  Association….



UK	
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  Based	
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  Options



Preventing AKI

• Often (always) multifactorial

• Can we expect to find a ‘cure-all’?



Preventing AKI

• Often (always) multifactorial

• Can we expect to find a ‘cure-all’?

•What has been Tried?
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Retinoic	
  Acid

Silymarin

Spironolactone

Urodilatin

AND	
  MANY	
  OTHERS

Urodilatin

Carvedilol

Statins

Pentoxifyline
No	
  Evidence	
  In	
  Patients

of	
  Any	
  Benefit
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Preventing AKI: Fluids

• Fluid	
  replacement	
  :	
  Must	
  be	
  a	
  good	
  thing

• But	
  which	
  fluid??

Not	
  entirely	
  surprising…
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Preventing AKI: Colloids?

Evidence	
  that	
  colloids	
  
increase	
  the	
  need	
  for	
  RRT…



Which Fluid…..
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Diuretics

• Rationale

• Reduced	
  O2 Consumption
• Increased	
  Tubular	
  Flow	
  
• Increased	
  Urea	
  Excretion
• Volume	
  Management



High-dose Furosemide in patients 
with Established AKI

Cantarovic	
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  Kidney	
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Dopamine

• Rationale
• ?	
  Preferential	
  Renal	
  
Vasodilatation

• ?Evidence
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on Renal Resistive Index 
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Effect of  ´low-dose´ dopamine 
on Renal Resistive Index 
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…And	
  No	
  Effect	
  on	
  the
development	
  of	
  AKI
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• Not  Recommended

Other  Candidates?



Insulin

• Pooled	
  analysis	
  failed	
  to	
  confirm	
  early	
  
beneficial	
  effects	
  of	
  IIT

• NICE-­‐Sugar	
  found	
  that	
  IIT	
  increased	
  
mortality
• BG	
  target	
  4.5-­‐6.0	
  higher	
  mortality	
  than	
  
≤	
  9.99

• The	
  end	
  for	
  IIT?
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  Curse	
  of	
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  RCT?
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Rhabdomyolysis

• Should	
  be	
  easy

• Identifiable	
  (mostly)

• Biomarker	
  (of	
  sorts)

• Bicarbonate/Mannitol/Frusemide	
  

• ?Evidence



Therapy for Rhabdomyolysis

Brown C et al.
J Trauma 2004; 30 : 1191-­‐96

• Retrospective  analysis  (5  yrs)
• 2083  patients  
• 85%  of  them  with  increased  CK



Therapy for Rhabdomyolysis

Brown C et al.
J Trauma 2004; 30 : 1191-­‐96

• Retrospective  analysis  (5  yrs)
• 2083  patients  
• 85%  of  them  with  increased  CK

No	
  Difference	
  in:
%	
  Renal	
  Failure

%	
  Dialysis
%	
  Mortality



Therapy for Rhabdomyolysis

NEJM	
  2009



Tumour Lysis Syndrome

• TLS	
  characterized	
  by	
  Severe
•Hyperuricemia
•Hyperphosphatemia
•Hyperkalemia
•Hypocalcemia,
•Acute	
  Kidney	
  Injury



Rasburicase

Rasburicase

Allopurinol

Goldman	
  Blood	
  2001	
  97;	
  2998-­‐3003



Rasburicase

• Rasburicase Group
• Adjusted	
  SCr fell from	
  144%	
  to	
  102%

• Allopurinol	
  Group
• Adjusted	
  SCr rose	
  from	
  132%	
  to	
  147%

• No	
  difference	
  in	
  need	
  for	
  RRT
• Peak	
  Uric	
  Acid	
  reduced	
  (p<.0001)
•Mean	
  Uric	
  acid	
  AUC	
  less	
  (p	
  <.0001)	
  	
  

Goldman	
  Blood	
  2001	
  97;	
  2998-­‐3003



Preventing AKI….. 

• Beset	
  by	
  Problems:

• An	
  incomplete	
  understanding	
  of	
  the	
  
underlying	
  pathophysiologic	
  mechanisms

• The	
  lack	
  of	
  robust	
  early	
  markers	
  for	
  AKI,	
  
and	
  hence	
  an	
  unacceptable	
  delay	
  in	
  
initiating	
  therapy	
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• Hypovolemia -> Volume Expansion

• Hypotension -> Volume Expansion, Vasopressors

• CHF -> Inotropes, Inodilators (e.g. levosimendan)

• Nephrotoxins -> Stop

• ACE/ARB -> Stop

• Age -> ?

• Gender -> ?
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• Therapeutic	
  options	
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  early	
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  Early	
  Goal	
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Conclusions

• Therapeutic	
  options	
  limited

• Key	
  may	
  be	
  early	
  initiation	
  of	
  treatment

• ?	
  Early	
  Goal	
  Directed	
  Therapy	
  for	
  the	
  Kidney

At	
  Present….Is	
  this	
  the	
  
best	
  we	
  can	
  hope	
  for?
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How  Do  I  Know  When  I  Have  
Given  Enough  Fluid?
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Dynamic  Measurements  :  SVV/PPV

Passive  Leg  Raise  ?  













Conclusions:

• Use Haemodynamic Monitoring



Conclusions:

• Use Haemodynamic Monitoring

• Resist repeated fluid challenges to soft 
endpoints



Conclusions:

• Use Haemodynamic Monitoring

• Resist repeated fluid challenges to soft 
endpoints

• Consider early RRT to prevent/treat fluid 
overload



Conclusions:

• Use Haemodynamic Monitoring

• Resist repeated fluid challenges to soft 
endpoints

• Consider early RRT to prevent/treat fluid 
overload

• Better data is needed to guide fluid 
resuscitation particularly in sepsis
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  in	
  Europe	
  of	
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  and	
  Chronic	
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  Disease	
  in	
  the	
  
ICU	
  Environment	
  

PEACE
Aims:

• epidemiology	
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  and	
  CKD,	
  defined	
  by	
  RRT	
  in	
  ICU	
  patients
• modalities	
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  RRT
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  initiation	
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• who	
  is	
  performing	
   RRT.
• renal	
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Thank  You  For  Listening


