
Acute Kidney Injury  
 

Chronic Renal Failure 
 
 

Acute liver failure  
 

Cirrhosis 
 

Post liver transplant   
 
 
  



•  Pre Renal 
•  Actual volume loss : dehydration, bleed…. 
•  Effective volume loss 

– Cirrhosis (splanchnic hypervolaemia, central hypovolaemia 

–  Impaired renal blood flow  
•  decreased  RBF as part of  cirrhosis : rationale re NSAI 
•  intra-abdominal hypertension  

•  Renal  
–  Paracetamol and tubular insult  
–  Glomerulonephritis : viral / autoimmune  
–  IgA nephropathy 
–  Hypertension, diabetes, intersitial nephritis,  
–  Contrast -volume depletion also 
–  Immunosupressant induced renal injury  

•  Post Renal  



Avoidable AKI  
•  Contrast  

–  Rehydration ± saline load 
–  Role of NAC or NaHC03 unclear 

•  NSAI  
–  Avoid at all costs  

•  Inappropriate recognition of renal dysfunction  
–  Creatine  
–  Muscle mass  

•  Recent review poor correlation of eGFR and iohexol or isotope 
methods  

•  eGFR only predicted 30% of those with GRF of < 60  
•  Proteinuria appeared highly predictive of development of AKI  



Definitions  

•  AKI vs CKD   

•  ALF vs Cirrhosis   

•  Prognosis  

•  Rx options   





Issues : 
Not even eGFR 
Creatine is produced in the liver  
Woman vs men 
Ethnic diversity  
Decreased muscle mass in cirrhosis 

Consider acute renal dysfunction in cirrhosis : RIFLE 





Ring-Larsen et al.  

Splannchnic vasodilation 
Decreased ITBV 
Intra-hepatic resistance 
Porto-renal reflex  
 



Terlipressin and albumin vs albumin 
Martin-Llahi M Gastroenterology 2008:134 

•  1-2 mg 4hrly 
•  Albumin daily 1g/kg 
•  N=23 each grp 
•  Improved renal function 43 vs 8% 
•  No difference in 2 mnth survival  
•  CVS complications  

–  4 Alb vs 10 T + Alb 



Previous studies CP score 11 

Martin-Llahi M Gastroenterology 2008:134 



RCT Terlipressin in Type I HRS 
Sanyal A Gatroenterology 2008 :134:1360 

1 mg 6 hrly vs placebo 
Albumin in both groups 

 If no response (30% decrease in creat) at day 4 :  to 2mg 6 hrly 
14 days Rx  : 56 in each grp 
Success defined as creatinine < 1.5 mg/dl for 48 hrs by Day 14 
Rx success : 25 vs 12.5 % 
 
Baseline to day 14  
decrease in creatinine 
       0.7 vs 0 mg/dl 
 
Similar survival between grps 

  
HRS reversal  
improved 180 day outcome 



Sanyal A Gatroenterology 2008 :134:1360 



Duvoux et al. Hepatology 2002 

NA 0.5-3mg/h 
MAP >100mmHg increaase 
or U.O >50ml/h 
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Norepinephrine for ���
the treatment of HRS ?	



Terlipressin vs NE n=40 
  

Predictors of outcome :  
 Creatinine clearance 
 MAP 
 Renin 



Pentoxifylline and Alcoholic Hepatitis 

 PTX 12/49 (24.5%) died 
 Placebo 24/52 (46.1%) died 

   p=0.037 
 
40% reduction in  mortality 
65% reduction in HRS 

E Akriviadas Gastroenterology 2000 

Pentoxifylline 

Placebo 

nonsurvivors 

survivors 

Steroid non responders do  
 not benefit from switch to Ptx 

 Louvet et al J Hep 2008;48:465 



Mortality at 1 mnth  8 vs 24% 
3 mnth  22 vs 34 and 
 6 mnth 27 vs 38 
 
Less HRF 9 vs 22 
 
Decreased infection 
 
 
52 patients  
Enteral feeding and 14 days Rx 
No benefit 

Moreno et al J Hepatology 2010 
 



Midronine to identify 
responders and these 
then offered TIPS 
Hepatology 2004 



Vasoconstrictors + Alb : Effect on mortality at 15 days but not at  
30, 90 or 180 days          RR 0.6 (0.37-0.97) 
 
Terlipressin + Albumin vs Albumin : decreased mortality in type I 
RR 0.83 (0.65-1.05) 

Terlipressin + Albumin vs Albumin 







Blue fingers and toes 
 
Myocardial events  
 
Diarrhoea - almost  
inevitable 
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Consider IAP and renal perfusion 
pressure  
Options  
1.  Decrease IAP  
2.  Increase RPP  
3.  Improve central blood volume  

RPP 61 to 67 mmHg 



 
MAP no relationship to  
changes in GFR 
 
Reversal of RAA, NE levels 

plac plac 



 
 



 
 

CVHF  Arterial NH4 > 100  
10 FHF   10 AoCLD  Slack A ESICM 2010 



Nephrol Dial Transplant 2008  
Fang et al 

111 patients  
ITU admissions 
with cirrhosis + 
ARF 
 
2003-2005 
 
Scoring system 
MAP 80  
Bili 80 
Resp failure 
Sepsis 
 
ROC 0.89  
 mortality > 90%  
if score > 2 
 
 



Creatinine >1 .5 mg/dl 
463 patients over 6 years  
Single centre 

3 month  
mortality 



  

Retrospective chart study in patients undergoing RRT without initial anticoagulation  

Anticoagulation added to a sub group and filter life increased from 5.6 to 19 hours  

Coagulation data 

Circuit life 



Statistical decrease in platelets and fibrinogen and other TEG functions   
but no evidence of clot lysis /  fibrinolysis however  

Doria et al  
Clinical Transplantation  
2004;18:365 
Significant worsening of   
PT, all TEG variables,  
factor VIII, von WB, 
DDimers 



NaCitrate  @ 0.5 mg/kg/hr 
CaCa 0.17 ml/kg/hr  
 
Increase citrate 
No citrate side effects  

Closed circles cirrhotics 



4% trisodium citrate infused @ 2-3 mmol/L  
blood flow 
Post filter iCa levels of 0.2-0.4 mmol/L 
CaCl infusion at 0.5 mmol  
pre re-infusion of blood 
Median subsitution rate 0.9 mmol/L  
effluent  
 
 



Median 20  hours treatment  
2 of 77 filters stopped early for bleeding / clotting 





Examining those in receipt of RRT  
      survivors  non survivors 

RRT alone       17      5 
NA + RRT        4      9 
Vent +RRT          8     18 
NA+RRT+vent     28     166 

 
50% of cases require RRT 
  
22% survival overall 

          Differences between S and NS  
 
Duration of Rx  6 (3-12) vs 8 (3-14) 
D1 urine output  500 (10-1000) vs 285 (0-1000)   
D1 lactate 2.2 (1.6-4) vs 3.1(1.8 - 5.5) 
D3 lactate 1.8 (1.3-2.5) vs 2.6 (1.8-4.8) 
 



Acute kidney injury in patients admitted to a liver intensive therapy 
unit. O’Riordan A 

Nephrol Dial Transplant. 2011 Nov;26
(11):3501-8.  

Period 2000-2007 : 302 ALF managed without OLT 
 
21% did not develop AKI : all survived  
 
239 with AKI of whom 164 survived  
 
51% return of normal renal function 

  eGFR > 60 at time of discharge   
 
7% required on going haemodialysis at time of discharge 
– lower than perhaps in a general population  
At 30 days post discharge of this group eGFR was 20  
At 90 days none dialysis dependant and eGFR > 60 (n=5) 
AKI univariate factor only re survival  
 
 
 

    



majority of patients requiring renal replacement therapy.
This mirrors findings in previous studies, although defini-
tions of AKI vary. In one multicentre study of 275 patients
with paracetamol-induced ALF, the proportion of patients
with a creatinine >176.8 lmol/L ranged between 43 and
57% depending on whether the overdose was intentional or
not [43]. More recently, in a retrospective study including
217 similar patients, 76% were found to have AKI, defined
as at least a doubling in serum creatinine. They also found
that paracetamol was an independent risk factor for AKI.
The rates of AKI in patients with paracetamol hepatotox-
icity are higher than those in other critically ill patients such
as trauma victims (18%) and those with and without sepsis
(42 and 34%, respectively) [44, 45]. Therefore, it appears
that paracetamol has an independent nephrotoxic effect on
the kidney and this is supported by the animal work, pre-
viously mentioned [15, 16].

Table 3. Variables independently associated with failure to recover renal
function in patients with paracetamol-induced hepatotoxicitya

Variable

Renal recoverya

Pb OR 95% CI
Yes No
(n ¼ 83) (n ¼ 81)

Gender (male:
female)

25:75% 66:34% <0.001 4.58 2.07–10.11

Admission mean
arterial blood
pressure (mmHg)

74 (65–94) 88 (69–107) 0.01 1.02 1.01–1.04

Day 3 MELD
score

24 (20–28) 31 (26–36) 0.01 1.09 1.02–1.15

AKI stage
(ordinal)

1 (0–3) 3 (3–3) 0.02 1.65 1.09–2.50

Abbreviations: OR, odds ratio, 95% CI, 95% confidence interval, MELD,
model for end stage liver disease score, AKI, acute kidney injury
aData are expressed as medians (interquartile ranges) or percentage of total
patients in each group. Renal recovery is defined as an eGFR of >60 mL/
min at the time of hospital discharge or transfer back to a local unit.
bComparison is made by binary logistic regression analysis.

Table 4. Variables associated with reduced in-hospital survival in patients
with paracetamol-induced hepatotoxicty by multivariate Cox regression
analysis including all variables significant by univariate analysis

Variable P HR 95% CI

Age NS
Hypogylycaemia 0.004 2.66 1.38–5.12
Admission phosphate NS
Admission lactate 0.02 1.11 1.02–1.21
Admission INR NS
Day 3 Glasgow Coma Scale NS
Day 3 PaO2/FiO2 NS
Day 3 SOFA score NS
Day 3 MELD score <0.001 1.09 1.03–1.14
Met the KCH criteria <0.001 4.49 2.12–9.51

Abbreviations: HR, hazzard ratio; 95% CI, 95% confidence interval;
NS, not significant; INR, international normalized ratio; PaO2/FiO2, partial
pressure of oxygen in arterial blood to the inspired oxygen fraction;
SOFA, sequential organ failure assessment; MELD, model for end stage
liver disease; KCH, King’s college hospital.

Table 2. Variables associated with the development of AKI in patients
with paracetamol-induced hepatotoxicity by multivariate analysisa

Variable P OR 95% CI

Ventilation <0.001 4.78 4.19"5.45
Vasopressor use 0.05 4.95 1.02"24.81
Admission phosphate <0.002 15.18 3.46"66.02
Admission sodium 0.008 0.86 0.77"0.96
Day 3 haematocrit 0.009 0.86 0.77"0.96
Day 3 lactate 0.001 3.74 1.77"7.92

aComparisons are made by multivariate ordinal logistic regression analysis.
Abbreviations: AKI, acute kidney injury; OR, odds ratio; 95% CI, 95%
confidence interval

Fig. 1. Patient survival in those with normal kidney function compared with
eachof the stagesofAKIusingCoxregressionanalysis.Thenumberofpatients
at risk in each group at each time point is shown below the survival curve.

Fig. 2. Time to hospital discharge in those with normal kidney function
compared with each of the stages of AKI using Cox regression analysis.
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AKI only important on univariate not multivariate analysis 
 



Cumulative Incidence of Chronic Renal 
Failure 

N = 69,231 persons who received a transplant in the USA 1990-2000 

Ojo AO, et al. N Engl J Med 2003;349:931-40. 



In summary  
•  NH4 is cleared by kidneys  
•  In cirrhosis –  

– high incidence of CRF 
– Over diuresis +++++  

•  High incidence of CRF post Tx  
•  In ALF AKI  

–  Is a marker of severity of liver injury  
– Except in those with paracetamol induced 

AKI with minor ALF 


