
Management	
  of	
  oliguria	
  in	
  
cirrhosis	
  	
  



Oliguria	
  &	
  Liver	
  disease	
  	
  
•  Acute	
  liver	
  failure	
  	
  

–  	
  AKI	
  	
  
– Direct	
  paracetamol	
  tubular	
  toxicity	
  	
  	
  

•  Hepatobiliary	
  and	
  liver	
  trauma	
  	
  
– AKI	
  	
  
– Elevated	
  IAP	
  

•  Cirrhosis	
  	
  
– AKI	
  	
  
– CKD	
  ±	
  AKI	
  
– HRS	
  



•  Pre Renal 
•  Actual volume loss : over diuresis, bleed, paracentesis …. 
•  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  
–  Glomerulonephritis : viral / autoimmune  
–  IgA nephropathy 
–  Hypertension, diabetes, intersitial nephritis,  
–  Contrast -volume depletion also 
–  Immunosupressant induced renal injury  

•  Post Renal  





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  
 



Prediction and earlier Rx of AKI  
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 

 

CreaHnine	
  cut	
  off	
  for	
  abnormal	
  renal	
  funcHon	
  65	
  µmol/L	
  

Slack et al Aliment	
  Pharmacol	
  Ther.	
  2013	
  May;37(10):
989-­‐97	
  





Kidney	
  Biomarkers	
  and	
  DifferenHal	
  Diagnosis	
  of	
  PaHents	
  With	
  Cirrhosis	
  
and	
  Acute	
  Kidney	
  Injury	
  

HEP-­‐13-­‐1808.R1	
  





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

3 month  
mortality 







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 
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 

 



Sanyal A Gatroenterology 2008 :134:1360 



Ezequiel	
  Rodríguez,	
  

Journal	
  of	
  Hepatology	
  2014	
  



Definition of organ failure 
 Modified SOFA score for  Cirrhosis (The SOFA-CLIF SCORE)   

Organ/system 0 1 2 3 4 

Liver  
(Bilirubin, mg/dL)           

<1.2 ≥1.2 - ≤1.9 ≥2 -  ≤5.9 ≥6 - <12 ≥12 

Kidney  
(Creatinine (mg/dL) 

<1.2 ≥1.2 - ≤ 1.9 ≥2 - <3.5 ≥3.5 - <5 ≥5 

or use of renal-replacement therapy 

Cerebral  
(HE grade)             

No 
HE 

1 2 3 4 

Coagulation (INR)                <1.1 ≥1.1 – <1.25 ≥1.25 - <1.5 ≥1.5 – <2.5 ≥2.5 or Platelets≤20x109/L 

Circulation  
(MAP mm Hg)          

≥70 <70  Dopamine ≤5 
or Dobutamine 
or Terlipressin 

Dopamine >5 
or E ≤ 0.1  
or NE ≤ 0.1 

Dopamine >15  
or E > 0.1  
or NE > 0.1 

Lungs  
PaO/FiO2:  
or  
SpO2/FiO2 

>400 
 
 

>512 

>300 - ≤400 
 
 

>357 - ≤512 

>200 - ≤300 
 

>214 - ≤357 

>100 - ≤200 
 
 

>8 - ≤214 

≤100 
 
 
≤89 

GASTROENTEROLOGY	
  2013;144:1426–1437	
  



Blue fingers and toes 
 
Myocardial events  
 
Diarrhoea - almost  
inevitable 
 



SBP	
  	
  Endothelial	
  markers	
  
HEPATOLOGY	
  2005;42:627-­‐634.)	
  	
  



Albumin	
  for	
  bacterial	
  infec0ons	
  other	
  than	
  
spontaneous	
  bacterial	
  peritoni0s	
  in	
  cirrhosis.	
  A	
  

randomized,	
  controlled	
  study.	
  

•  J	
  Hepatol.	
  2012	
  Oct;57(4):759-­‐65.	
  
	
  

•  Non	
  SBP	
  infecHons	
  	
  100	
  paHents	
  	
  
•  AnHbioHcs	
  ±	
  albumin	
  at	
  diagnosis	
  and	
  day	
  3	
  
(1.5	
  and	
  1	
  g/kg)	
  	
  

•  No	
  difference	
  in	
  survival	
  at	
  3	
  mnths	
  	
  
•  Improved	
  creaHnine	
  and	
  circulaHon	
  markers	
  –	
  
no	
  difference	
  in	
  HRF	
  (	
  1	
  vs	
  3)	
  



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	
  :	
  	
  
	
  CreaHnine	
  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 
 
 



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 
 



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

plac plac	
  



 
 



 
 

CVHF  Arterial NH4 > 100  
Liver Int. 2013 May 17 Slack et al 



  

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 



Table 3 Acid-base status and electrolytes at baseline, after 24 hours and after 72 hours
Minimum 25th percentile Median 75th percentile Maximum

pH baseline 7.11 7.21 7.29 7.34 7.43

pH 24 hours 7.21 7.27 7.33 7.41 7.51

pH 72 hours 7.13 7.30 7.40 7.44 7.50

Bicarbonate baseline 12.4 18.3 20.4 22.9 27.9

Bicarbonate 24 hours 13.9 22.2 24.1 25.5 29.0

Bicarbonate 72 hours 12.9 23.9 26.5 27.8 31.8

Base excess baseline -14.2 -7.5 -5.0 -3.2 2.5

Base excess 24 hours -12.4 -3.4 -1.0 1.0 4.3

Base excess 72 hours -17.5 -2.2 1.2 3.5 7.7

Anion gap baseline 6 10 13 15 28

Anion gap 24 hours 3 9 11 15 24

Anion gap 72 hours 4 9 11 13 28

pCO2 baseline 20 39 48 54 80

pCO2 24 hours 29 40 49 55 70

pCO2 72 hours 30 43 46 55 86

Caion baseline 0.91 1.14 1.21 1.26 1.41

Caion 24 hours 1.02 1.15 1.18 1.22 1.33

Caion 72 hours 1.00 1.11 1.15 1.19 1.26

Sodium baseline 126 136 139 144 157

Sodium 24 hours 136 140 141 143 153

Sodium 72 hours 133 142 143 145 151

Chloride 0 94 105 109 113 127

Chloride 24 hours 97 106 108 111 120

Chloride 72 hours 102 107 109 110 115

Time course of pH, bicarbonate (mmol/l), base excess (mmol/l), anion gap (mmol/l), pCO2 (mmHg), ionized calcium (Caion; mmol/l), sodium (mmol/l) and chloride
(mmol/l) at baseline, after 24 hours and after 72 hours of continuous venovenous hemodialysis (CVVHD) treatment time. Forty-three CVVHD runs were included
at baseline and at 24 hours, 32 CVVHD runs were included at 72 hours.
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Figure 2 Predictive capabilities of prothrombin time and serum lactate regarding citrate accumulation. Baseline (a) prothrombin time
and (b) serum lactate showed highest areas under the curve (AUC) in receiver operating characteristic analysis, therefore having best predictive
capability for citrate accumulation in terms of a total calcium/ionized calcium ratio ≥2.5. ci, confidence interval.

Schultheiß et al. Critical Care 2012, 16:R162
http://ccforum.com/content/16/4/R162
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due to a premature ending of CVVHD running courses
because of a Catot/Caion ratio ≥2.5, as only three out of
the seven CVVHD runs with an elevated ratio ≥2.5 were
stopped prematurely after 24 hours. All other courses with
an elevated Catot/Caion ratio ≥2.5 achieved the expected
treatment time of 72 hours. A study by Kramer and collea-
gues showed a reduced citrate clearance following infusion
of sodium citrate and calcium chloride over 2 hours in
patients with liver cirrhosis (340 ml/minute) in compari-
son with noncirrhotic patients (710 ml/minute) [23].
Despite this proven impaired citrate clearance in liver fail-
ure patients, also in this study by Kramer and colleagues
was a trend towards the development of metabolic alkalo-
sis seen in the cirrhotic and the noncirrhotic patient
groups without significant difference. Furthermore, citrate
accumulation comprises the risk of hypocalcemia due
to complex binding with Caion. In our study no severe
decrease in ionized calcium was observed. This was prob-
ably prevented by regularly monitoring Caion in the
patient’s circulation during the first few hours of CVVHD
treatment in which the calcium chloride substitution at
the arterial line of the extracorporeal circuit consistently
needed to be elevated.
In our study, a 29-fold increase of citrate in serum was

measured. This result is difficult to interpret because, to
the best of our knowledge, an upper normal or even
toxic level of citrate in serum is not well established.
Being a physiological metabolite, citrate is probably not

toxic itself but might induce metabolic disorders (espe-
cially hypocalcemia) due to complex binding between
citrate and Caion. During continuous hemofiltration, a
correlation between citrate in serum and the Catot/Caion
ratio in critically ill patients without liver failure has pre-
viously been described by Hetzel and colleagues [24]. In
our study, we demonstrate this relationship between
serum citrate levels and the Catot/Caion ratio in liver fail-
ure patients. The Catot/Caion ratio with a critical thresh-
old ≥2.5 might therefore be a more helpful parameter to
identify patients at risk for metabolic disturbances (for
example, drop of ionized calcium), than the citrate level
per se with a missing cutoff value indicating intoxication
during citrate accumulation. Furthermore, citrate accu-
mulation can be prevented by the application of CVVHD
instead of continuous venovenous hemofiltration.
CVVHD can be performed using lower blood flow while
removing more citrate bound to ionized calcium over the
hemodialysis filter.
One of the aims of this study was to evaluate predic-

tive capabilities of baseline liver function parameters
regarding citrate accumulation expressed as a Catot/
Caion ratio ≥2.5. We identified a prothrombin time
≤26% and a serum lactate level ≥3.4 mmol/l to be useful
for predicting citrate accumulation. In certain patients,
closer monitoring using blood gas analysis including
Caion and the plasma bicarbonate concentration might
be mandatory to ensure patient safety. None of the
established liver function parameters such as transami-
nases or bilirubin level showed appropriate predictive
capabilities for citrate accumulation reflected by a Catot/
Caion ratio ≥2.5. In accordance, Kramer and colleagues
could not predict citrate clearance by standard liver
function tests [23]. As the citric acid cycle of the liver is
oxygen dependent, lactate seems to be a very valuable
predictive parameter at first sight. However, lactate eleva-
tion can be caused by hypovolemia and hypoxia due to
circulatory failure but also by liver failure itself. The vari-
ety of reasons for elevated lactate levels lowers its predic-
tive value and needs to be mentioned as a potential
limitation of the present study. In addition, interference
in the prothrombin time by substitutable coagulation fac-
tors is another limitation. Further limitations include the
circumscribed number of patients and the observational
character of this study.

Conclusions
Despite substantial accumulation of citrate in serum, we
observed no major disturbances in the acid-base status
during CVVHD treatment demonstrating the feasibility
of citrate anticoagulation in liver failure patients. Citrate
accumulation correlates with an increase in the Catot/
Caion ratio, with a threshold ≥2.5 being indicative for
citrate accumulation. Patients exceeding this threshold
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Figure 3 Correlation between citrate in serum and the total
calcium/ionized calcium ratio. Citrate accumulation over
continuous venovenous hemodialysis (CVVHD) treatment correlates
with the total calcium/ionized calcium (Catot/Caion) ratio (Spearman
r = 0.74). Of all CVVHD running courses, a Catot/Caion ratio ≥2.5 was
achieved 10 times.

Schultheiß et al. Critical Care 2012, 16:R162
http://ccforum.com/content/16/4/R162
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Schultheiss	
  C	
  et	
  al	
  Crit	
  Care	
  2012	
  16:R162	
  

Decreased citrate clearance in cirrhosis  340 ml/min  
Vs 710 ml/min in normals   
Krammer et al 2003 

? Option of CVVHD vs CVVHF the former allowing  
lower blood flow and greater clearance of citrate  



Acute	
  on	
  chronic	
  liver	
  failure:	
  
PrognosHcaHon	
  based	
  on	
  scores	
  

Levesque	
  E	
  et	
  al.	
  J	
  Hepatology	
  2012,	
  n	
  =	
  377	
  	
  



Levesque	
  E	
  et	
  al.	
  J	
  Hepatology	
  2012 	
  	
  
	
  

Acute	
  on	
  chronic	
  liver	
  failure:	
  
PrognosHcaHon	
  based	
  on	
  number	
  of	
  organ	
  failures	
  

	
  

Cholongitas	
  E	
  et	
  al.	
  Aliment	
  Pharmacol	
  &	
  Therap	
  2006	
  

The	
  American	
  Journal	
  of	
  GASTROENTEROLOGY	
  	
  2014	
  

Theocharidou	
  



What	
  do	
  I	
  do	
  for	
  oliguria	
  	
  
•  Assess	
  volume	
  status	
  –	
  echo	
  /	
  pulse	
  contour	
  	
  
•  Look	
  for	
  sepsis	
  :	
  blood/	
  chest/	
  ascites	
  	
  
•  Look	
  at	
  delta	
  creaHnine	
  	
  
•  Urinalysis	
  and	
  consider	
  other	
  diagnoses	
  than	
  HRF	
  
•  Rx	
  anHbioHcs	
  and	
  volume	
  …	
  
•  Early	
  use	
  of	
  terlipressin	
  (oliguria	
  /	
  hyponatraemia)	
  	
  

–  0.25	
  to	
  0.5	
  mg	
  6	
  hourly	
  and	
  review	
  and	
  increase	
  every	
  2	
  days	
  	
  	
  
•  Measure	
  IAP	
  	
  

–  If	
  >	
  20-­‐25	
  	
  consider	
  	
  paracentesis	
  	
  
–  Data	
  supports	
  use	
  of	
  volume	
  replacement	
  if	
  large	
  volume	
  or	
  
unstable	
  	
  

–  Can	
  also	
  use	
  terlipressin	
  1	
  mg	
  x	
  3	
  doses	
  8	
  hourly	
  	
  



Treat the kidneys early  
Large blood volume - all  
in the wrong space ! 



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

Closed circles cirrhotics 



CVVHD	
  +	
  regional	
  citrate	
  in	
  liver	
  failure	
  –	
  
observaHonal	
  study	
  Schultheiss	
  C	
  et	
  al	
  Crit	
  Care	
  2012	
  16:R162	
  

CriHcal	
  raHo	
  of	
  2.5	
  exceeded	
  10	
  Hmes	
  (of	
  273)	
  in	
  7	
  of	
  43	
  runs;	
  seen	
  at	
  12	
  
hours(3),	
  24	
  hours	
  (6)	
  and	
  1	
  at	
  72	
  hours	
  	
  

•  EqualizaHon	
  of	
  acid	
  base	
  was	
  possible	
  	
  

•  Standard	
  laboratory	
  values	
  did	
  not	
  correlate	
  with	
  citrate	
  accumulaHon	
  
or	
  raHo	
  >	
  2.5	
  

•  Lactate	
  >	
  3.5	
  mmol/L	
  or	
  prothrombin	
  raHo	
  <	
  26%	
  predict	
  raHo	
  Catot/
Caion	
  >	
  2.5	
  	
  

•  sensiHvity	
  86%	
  for	
  both	
  and	
  specificity	
  of	
  86%	
  for	
  lactate	
  and	
  92%	
  for	
  
prothrombin)	
  AUROC	
  :	
  0.92	
  and	
  0.9	
  

•  AUROC	
  for	
  AST	
  0.71,	
  0.49	
  ALT,	
  0.67	
  for	
  bilirubin,	
  0.73	
  cholinesterase,	
  
0.54	
  ICG	
  

•  AccumulaHon	
  in	
  citrate	
  correlated	
  with	
  an	
  increase	
  in	
  Catot/Caion	
  



•  Specific	
  diseases	
  	
  
– Alcoholic	
  hepaHHs	
  	
  :	
  steroids	
  and	
  NAC	
  

•  Decreased	
  GCS	
  /	
  encephalopathy	
  and	
  oliguria	
  
•  Measure	
  arterial	
  ammonia	
  	
  	
  
•  Consider	
  RRT	
  early	
  vs	
  late	
  
•  Aggressive	
  early	
  support	
  of	
  organ	
  failures	
  and	
  
then	
  review	
  at	
  a	
  few	
  days	
  	
  

•  Which	
  fluids	
  
– ????	
  	
  



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 
 
 



Levesque	
  E	
  et	
  al.	
  J	
  Hepatology	
  2012 	
   	
   	
  Cholongitas	
  E	
  et	
  al.	
  Aliment	
  Pharmacol	
  &	
  Therap	
  2006	
  
	
  

Acute	
  on	
  chronic	
  liver	
  failure:	
  
PrognosHcaHon	
  based	
  on	
  number	
  of	
  organ	
  failures	
  

	
  



20-40% of patients discharged who had required organ  
support on admission : 6 month survival of 40% 



Acute	
  on	
  chronic	
  liver	
  failure:	
  
PrognosHcaHon	
  based	
  on	
  scores	
  

	
  

Levesque	
  E	
  et	
  al.	
  J	
  Hepatology	
  2012,	
  n	
  =377	
  	
  

45%	
  I&V	
  
40%	
  pressors	
  
12%	
  RRT	
  
	
  



different from the AUROC of the number
of nonhematologic organ failures com-
puted after 3 days (data not shown).

Correlation Between the
Number of Organ Failures and
Inhospital Mortality

The relationship between the number
of nonhematologic organ failures and in-
hospital mortality is illustrated in Figure
3. As displayed, even in the presence of
three or four nonhematologic organ fail-

ures on day 1, the inhospital mortality
was !70%. The presence of three organ
failures or more after 3 days indicated a
mortality of 89%.

Identification of Patients With
Very High Inhospital Mortality
Rates

The mortality rates in patients requir-
ing vasopressors, mechanical ventilation,
or RRT and in patients in class C of the

Child-Pugh score were 80%, 67%, 69%,
and 67%, respectively.

Cutoff values predicting inhospital
death with a specificity of "90% have
been determined for organ-failure spe-
cific scores computed on day 1 and after 3
days and are shown in Table 5.

DISCUSSION

The prognosis of ICU-admitted cir-
rhotic patients has been the subject of
several studies, most of which were per-
formed "10 years ago (4 –27). The
present study was performed to reassess
the prognosis of these patients. We ob-
served that although their overall prog-
nosis was poor, a significant portion of
ICU-admitted cirrhotic patients, includ-
ing some patients requiring life-support-
ing treatments and/or with multiple or-
gan failure on admission, could be
discharged alive from the hospital; liver
disease severity, as best assessed with
clinical classification, had no impact on
their prognosis once admitted to the ICU;
the most important risk factor for in-
hospital mortality was the severity of
nonhematologic organ failure; organ fail-
ure-specific scores had a better capacity
to predict inhospital mortality than liver
disease-specific scores, including the
newest MELD and MELD-Na scores; and
patients with three nonhematologic or-
gan failures after 3 days spent in the ICU
had a very high mortality rate.

In the literature, inhospital mortality
rates for ICU-admitted cirrhotic patients
varied widely, from 100% in some older
studies to approximately 50% in recent
ones, with the latter rate being similar to
the 54% mortality rate observed in the
present study (4, 10, 12, 16, 23). The 6-
month survival rate observed in the
present study (38%) was also comparable
to the 1-year survival rate of 31% re-
ported in another recent study (11). Fur-
thermore, whereas inhospital mortality
rates for cirrhotic patients with three or-
gan failures on admission or requiring
vasopressors, mechanical ventilation, or
RRT were close to 100% in some previous
studies, 20%–40% of such patients were
discharged alive from the hospital in the
present study (5, 6, 9, 12, 15, 18, 20, 21,
23). Thus, as previously suggested by oth-
ers (9), the prognosis of ICU-admitted
cirrhotic patients seems to have im-
proved over time. The hypotheses that
may explain this observation include sig-
nificant advances in medical care of cir-
rhotic patients and/or in general inten-

Table 3. Risk factors on day 1 for inhospital mortality: Results of univariate analysis

Characteristics

Odds Ratio
(95% Confidence

Interval) p

Age "50 yrs 2.7 (1.3–5.9) .02
Male 0.7 (0.3–1.4) .26
Charlson score 0.95 (0.7–1.2) .66
Knaus autonomy scale 1.3 (0.8–2.1) .45
Secondary admission from nonemergency ward 2.5 (1.3–5.0) .01
Alcoholic cirrhosis 0.6 (0.3–1.4) .50
Liver disease severity stage (D’Amico’s classification)

Stage 1 1 .96
Stage 2 (compared with stage 1) 0.8 (0.3–2.2)
Stage 3 (compared with stage 1) 0.9 (0.4–2.2)
Stage 4 (compared with stage 1) 0.9 (0.3–2.1)

Infection on admission 2.6 (1.3–5.3) .01
Direct complication of cirrhosis as final diagnosis 1.3 (0.7–2.6) .41
Severity of ascites (per grade of the

ascites component of the Child-Pugh score)
3.3 (1.6–10) .002

Hyponatremia (per 10-mmol/L decrease) 1.1 (0.8–2) .55
Hypoalbuminemia (per 5-g/L decrease) 1.3 (1.1–1.7) .02
International normalized ratio

(per 0.1 additional unit)
1.2 (1.1–1.3) .0003

Cardiovascular failure 7.9 (3.7–18.4) !.0001
Respiratory failure 2.8 (1.3–6.0) .009
Neurologic failure 2.6 (1.3–5.4) .007
Renal failure 4.5 (2.1–9.7) .0001
Liver failure 3.2 (1.6–6.7) .002
Hematologic failure 1.8 (0.8–4.0) .19
Number of nonhematologic organ failures

No organ failure 1 .001
1 organ failure (compared with no organ failure) 4.4 (1.3–17.8)
2 organ failures (compared with no organ failure) 7.9 (2.1–35.7)
3 organ failures (compared with no organ failure) 18 (5.9–69.3)

Sequential Organ Failure Assessment score
(per 1 additional unit)

1.3 (1.2–1.5) !.0001

Table 4. Risk factors on day 1 for inhospital mortality: Results of multivariate analysis

Characteristic
Odds Ratio

(95% Confidence Interval) p

Age .002
!50 1
"50 6.6 (2.2–23.2)

Serum albumin (per 5 g/L) 0.7 (0.5–0.96) .035
International normalized ratio (per 0.1

additional units)
1.1 (1.0–1.2) .05

Modified Sequential Organ Failure
Assessment score (per 1
additional unit)

1.3 (1.2–1.5) !.0001
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sive care, a more strict selection of
cirrhotic patients by ward physicians or
intensivists for ICU admission, or differ-
ences in the characteristics of studied

populations (cirrhosis causes, reasons for
ICU admission) (9, 38). Data on the triage
process before ICU admission were not
available in the present retrospective

study. Our patients were critically ill,
with a mean of 2.3 organ failures on ad-
mission and a rate of requirement for
life-sustaining treatments as high as
those in several previous studies, but they
were exceptionally bedridden, which sug-
gests that they were actually selected ac-
cording to their functional status and not
their acute severity (5, 9, 10, 14, 15, 18,
19, 23). Our patients often had severe
liver disease—a history of ascites or
variceal bleeding was present in more
than half— but the hepatorenal syn-
drome was rare (1%). Thus, some cir-
rhotic patients with the most severe liver
disease (refractory ascites and/or the he-
patorenal syndrome, chronic encephalop-
athy) may have been denied admission to
the MICU. Of note is that the hepatorenal
syndrome indicates a severe liver failure
and has a bad prognosis without liver
transplantation, whereas other types of
ICU-acquired acute renal failure are more
often reversible (28, 39). This could ex-
plain why patients requiring RRT in the
present study had a 31% survival rate, as
compared with survival rates of close to
0% in previous studies (5, 15, 18). Cir-
rhotic patients in the present study had
other particularities; most patients had
alcoholic cirrhosis, as in the previous
studies performed in France and Western
Europe, and were still drinking, but be-
cause of the presence of the liver ICU in
our hospital they were rarely admitted to
the MICU for variceal bleeding, as com-
pared with many others series (4, 10, 15,
17, 18, 21, 23). Because alcoholism has a
negative impact on the prognosis of non-
selected critically ill patients, and be-
cause admission for another reason than
variceal bleeding is associated with a
worse outcome in ICU-admitted cirrhotic
patients, these observations should actu-
ally reinforce our conclusion that the
prognosis of critically ill cirrhotic pa-
tients seems better in the present study
than previously described (9, 10, 14, 17,
19, 21, 23, 40, 41).

In the present study, advanced age,
high INR, low serum albumin, and mod-
ified SOFA score on day 1 were indepen-
dent predictors for inhospital death,
whereas the modified SOFA score com-
puted after 3 days was the only prognostic
factor in patients still alive after 3 days.
Once select cirrhotic patients had been
admitted to the ICU, liver disease severity
was not correlated with inhospital mor-
tality (14, 25). Of note is that in the
present study, liver disease severity was
assessed using a clinical classification

Figure 2. Receiver operating characteristic curves for scores, calculated on day 1, predicting in-
hospital mortality. SOFA, Sequential Organ Failure Assessment; SAPS, Simplified Acute Physiology
Score; MELD, model for end-stage liver disease; MELD-Na, model for end-stage liver disease with
natremia.

Figure 3. Correlation between inhospital mortality and the number of nonhematologic organ failures
on day 1 or after 3 days spent in the intensive care unit.

Table 5. Cut-off values for the modified Sequential Organ Failure Assessment score and the number
of nonhematologic organ failures associated with inhospital mortality rates higher than 80%

Criteria Sensitivity Specificity

Positive
Predictive

Value

Negative
Predictive

Value

On day 1 (all patients, n ! 138)
Modified SOFA score !17 19% 100% 100% 51%
Modified SOFA score !15 30% 98% 96% 44%
Modified SOFA score !13 52% 87% 83% 60%
Number of nonhematologic organ failures !5 16% 100% 100% 50%
Number of nonhematologic organ failures !4 28% 92% 81% 52%

After 3 days (n ! 88)
Modified SOFA score !12 32% 100% 100% 57%
Modified SOFA score !7 73% 82% 82% 73%
Number of nonhematologic organ failures !4 2% 100% 100% 47%
Number of nonhematologic organ failures !3 51% 93% 89% 62%

SOFA, Sequential Organ Failure Assessment.
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Abstract
Background. Paracetamol overdose can cause acute kid-
ney injury (AKI) independent of its hepatotoxic effects.
We aimed to determine the prevalence of AKI (AKI Net-
work definition) in those with paracetamol-induced hepa-
totoxicity, identify factors associated with development,
assess impact on the outcomes of patient survival and
length of stay and determine the proportion of patients
recovering renal function (estimated glomerular filtration
rate > 60 mL/min) by the time of hospital discharge or
transfer out.
Methods. Between 2000 and 2007, patients admitted to a
tertiary referral liver intensive therapy unit (LITU) with
paracetamol-induced hepatotoxicity were identified from
a prospectively maintained database and evaluated.
Results. Those receiving a liver transplant were ex-
cluded (n ¼ 54), leaving 302 patients. Renal function
remained normal in 21%, the remainder developing
AKI (Stages 1–8%, 2–6% and 3–65%). Vasopressor re-
quirement, mechanical ventilation, higher admission
phosphate and lower sodium levels along with a higher
Day 3 lactate and lower haematocrit were associated
with AKI. In survivors with AKI, 51% had recovery of
renal function, while 7% remained dialysis dependant
although none required it chronically. Overall, there
was 25% mortality, all having Stage 3 AKI but AKI
was only a univariate not multivariate predictor of re-
duced patient survival. AKI independently predicted lon-
ger length of stay.
Conclusions. AKI is very common in critically ill
patients with paracetamol-induced hepatotoxicity re-
quiring LITU admission. Although outcomes are poorer
with AKI than with normal renal function, they are better
than those found in other intensive therapy unit popula-

tions. Gradual recovery of renal function is seen in all
patients.

Keywords: acute liver failure; acute renal failure; hepatotoxicity;
intensive therapy unit; paracetamol;

Introduction

Acute kidney injury (AKI) occurs in 40–80% of patients
with acute liver failure (ALF) [1, 2]. The underlying aeti-
ology is frequently multifactorial and AKI may occur as a
consequence of sepsis, hypovolaemia-induced renal hypo-
perfusion, hepatorenal syndrome, intra-abdominal hyper-
tension or there may be a common underlying cause
for the hepatic and renal toxicity including drugs, such as
paracetamol [3, 4].

Paracetamol is a commonly used analgesic and
paracetamol-induced hepatotoxicity remains the most com-
mon aetiology of ALF in the UK and USA [5, 6]. Hepato-
toxicity, defined as an aspartate aminotransferase level of
>1000 IU/L, following intentional or unintentional inges-
tion of paracetamol is observed in 3–26% of patients, de-
pending on the factors including time to presentation for
treatment with N-acetylcysteine [7, 8]. ALF (hepatotoxicity
in the presence of encephalopathy and coagulopathy), how-
ever, is relatively rare.

Acute renal impairment occurs in 2–10% of patients who
ingest excessive amounts of paracetamol. It has also been
noted in the absence of hepatotoxicity [9–12]. Although
renal biopsy is rarely undertaken in patients with AKI,
a pattern of acute tubular injury due to toxic metabolites
(n-acetyl-p-benzo-quinone-imine) generated by primarily
liver-derived cytochrome P450 enzymes has been
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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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patient survival and longer length of hospital stay by uni-
variate and multivariate analysis, respectively.

Until 2004, AKI research was hampered by the lack of a
consensus definition. Renal impairment, defined by the
RIFLE criteria, has since been shown to predict reduced
patient survival and has been validated in a number of pop-

ulations including those with cirrhotic liver failure [40]. This
definition was modified in 2007 to account for new informa-
tion including data that even small increments in creatinine
are associated with increased patient mortality [41, 42].

We have shown that development of AKI was common
post-paracetamol-induced hepatotoxicity (79%) with the

Table 1. Details of demographic, clinical, physiological and laboratory characteristics found to be significantly linked to an ordinal model of AKI
development in 302 patients with paracetamol-induced hepatoxicity by univariate analysisa

Variables

AKI stage

P for trendb
0 1 2 3

(n ¼ 63) (n ¼ 25) (n ¼ 19) (n ¼ 195)

Age (years) 27 (20–35) 31 (21–37) 40 (30–50) 39 (30–48) <0.001
History of harmful alcohol use or dependence 15% 48% 47% 49% 0.001
Staggered overdose 8% 19% 46% 27% 0.04
Hypoglycaemia (<3 mmol/L)c 2% 0% 5% 25% <0.001
Grade I/II hepatic encephalopathyc,d 14% 16% 16% 11% 0.01
Grade III/IV hepatic encephalopathyc,d 19% 24% 21% 75% <0.001
Raised intracranial pressurec 2% 0% 0% 17% 0.002
Sepsis (microbiologically or
radiologically proven)c

24% 35% 26% 85% <0.001

SIRS (>2)c 48% 68% 74% 92% <0.001
Ventilationc 18% 27% 21% 77% <0.001
Vasopressor usec 3% 8% 11% 60% <0.001
KCH criteria metc,e 0% 0% 11% 39% <0.001
Admission variables
Temperature (!C) 37.2 (36.7–37.8) 37.2 (36.5–37.5) 37.3 (37.0–37.6) 36.3 (35–37.3) <0.001
Heart rate/minute 98 (78–106) 105 (92–122) 104 (90–112) 110 (87–122) 0.03
pH 7.40 (7.40–7.46) 7.40 (7.38–7.42) 7.40 (7.35–7.42) 7.35 (7.26–7.4) <0.004
Sodium (mmol/L) 139 (136–140) 137 (134–141) 138 (133–141) 137 (133–141) 0.03
Potassium (mmol/L) 3.5 (3.2–3.9) 3.7 (3.4–4.0) 3.5 (3.0–4.1) 3.9 (3.5–4.4) <0.001
Haematocrit (%) 37 (32–39) 36 (30–38) 35 (31–40) 32 (27–36) <0.001
Glasgow Coma Scale 15 (14–15) 15 (13–15) 15 (13–15) 10 (7–15) <0.001
Albumin (g/L) 31 (28–36) 29 (23–32) 29 (24–32) 25 (20–30) <0.001
Lactate (mmol/L) 2 (2–3) 3 (2–3) 2 (2–3) 4 (2–7) <0.001
International normalized ratio 3 (2–4) 4 (2–5) 2 (2–4) 4 (3–5) <0.001
Platelet count (3109/L) 146 (92–194) 130 (86–210) 121 (68–155) 87 (49–129) <0.001
PaO2/FiO2 397 (357–457) 357 (250–437) 390 (354–425) 320 (189–406) <0.001
Vasopressor use 3% 8% 11% 29% <0.001
Mean arterial blood pressure (mmHg) 81 (68–97) 82 (67–102) 89 (66–106) 68 (59–87) 0.001
Phosphate (mmol/L) 0.52 (0.36–0.70) 0.64 (0.51–0.81) 0.76 (0.41–1.11) 0.96 (0.60–1.56) <0.001
APACHE II scoree 5 (2–8) 6 (4–12) 7 (5–14) 17 (11–25) <0.001
SOFA scoree 4 (3–6) 6 (5–8) 7 (5–8) 11 (7–14) <0.001
MELD scoree 24 (18–27) 27 (19–30) 29 (22–33) 35 (29–41) <0.001
Day 3 variables
Temperature (!C) 37.0 (36.5–37.7) 37.5 (36.9–37.9) 37.2 (36.1–38.1) 35.9 (35.3–37.0) <0.001
Respiratory rate per minute 20 (19–29) 24 (20–29) 21 (14–26) 20 (16–24) 0.03
pH 7.40 (7.40–7.46) 7.40 (7.40–7.44) 7.40 (7.35–7.44) 7.40 (7.34–7.42) 0.004
Sodium (mmol/L) 141 (138–144) 141 (138–145) 143 (138–147) 143 (139–148) 0.03
Potassium (mmol/L) 4.0 (3.8–4.2) 4.0 (3.8–4.2) 4.4 (4.1–4.7) 4.3 (4.0–4.6) 0.002
Haematocrit (%) 33 (29–37) 32 (29–36) 32 (27–37) 27 (24–30) <0.001
Glasgow Coma Scale 15 (12–15) 15 (11–15) 15 (9–15) 10 (6–15) <0.001
Albumin (g/L) 24 (21–26) 21 (19–26) 23 (19–28) 19 (16–22) <0.001
Lactate (mmol/L) 1 (1–2) 1 (1–2) 2 (1–2) 2 (2–3) <0.001
Platelet count (3109/L) 99 (81–135) 99 (90–115) 90 (65–130) 72 (49–96) <0.001
PaO2/FiO2 363 (323–407) 351 (290–407) 376 (191–413) 247 (171–357) <0.001
Vasopressor use 0% 0% 3% 97% <0.001
Mean arterial blood pressure (mmHg) 80 (71–93) 103 (79–117) 86 (73–109) 68 (62–92) 0.01
SOFA scoree 6 (4–7) 6 (3–7) 7 (5–13) 13 (9–17) <0.001
MELD scoree 21 (17–24) 22 (11–28) 29 (22–35) 31 (26–37) <0.001

Abbreviations: AKI, acute kidney injury; PaO2/FiO2, partial pressure of oxygen in arterial blood to the inspired oxygen fraction, MELD, model for
end-stage liver disease; SOFA, sequential organ failure assessment; APACHE, acute physiology age chronic health evaluation.
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cAt any point during the patient’s intensive therapy unit stay.
dReference category, no encephalopathy.
eNot included in the multivariate analysis.
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RIFLE criteria, has since been shown to predict reduced
patient survival and has been validated in a number of pop-

ulations including those with cirrhotic liver failure [40]. This
definition was modified in 2007 to account for new informa-
tion including data that even small increments in creatinine
are associated with increased patient mortality [41, 42].

We have shown that development of AKI was common
post-paracetamol-induced hepatotoxicity (79%) with the

Table 1. Details of demographic, clinical, physiological and laboratory characteristics found to be significantly linked to an ordinal model of AKI
development in 302 patients with paracetamol-induced hepatoxicity by univariate analysisa

Variables

AKI stage

P for trendb
0 1 2 3

(n ¼ 63) (n ¼ 25) (n ¼ 19) (n ¼ 195)

Age (years) 27 (20–35) 31 (21–37) 40 (30–50) 39 (30–48) <0.001
History of harmful alcohol use or dependence 15% 48% 47% 49% 0.001
Staggered overdose 8% 19% 46% 27% 0.04
Hypoglycaemia (<3 mmol/L)c 2% 0% 5% 25% <0.001
Grade I/II hepatic encephalopathyc,d 14% 16% 16% 11% 0.01
Grade III/IV hepatic encephalopathyc,d 19% 24% 21% 75% <0.001
Raised intracranial pressurec 2% 0% 0% 17% 0.002
Sepsis (microbiologically or
radiologically proven)c

24% 35% 26% 85% <0.001

SIRS (>2)c 48% 68% 74% 92% <0.001
Ventilationc 18% 27% 21% 77% <0.001
Vasopressor usec 3% 8% 11% 60% <0.001
KCH criteria metc,e 0% 0% 11% 39% <0.001
Admission variables
Temperature (!C) 37.2 (36.7–37.8) 37.2 (36.5–37.5) 37.3 (37.0–37.6) 36.3 (35–37.3) <0.001
Heart rate/minute 98 (78–106) 105 (92–122) 104 (90–112) 110 (87–122) 0.03
pH 7.40 (7.40–7.46) 7.40 (7.38–7.42) 7.40 (7.35–7.42) 7.35 (7.26–7.4) <0.004
Sodium (mmol/L) 139 (136–140) 137 (134–141) 138 (133–141) 137 (133–141) 0.03
Potassium (mmol/L) 3.5 (3.2–3.9) 3.7 (3.4–4.0) 3.5 (3.0–4.1) 3.9 (3.5–4.4) <0.001
Haematocrit (%) 37 (32–39) 36 (30–38) 35 (31–40) 32 (27–36) <0.001
Glasgow Coma Scale 15 (14–15) 15 (13–15) 15 (13–15) 10 (7–15) <0.001
Albumin (g/L) 31 (28–36) 29 (23–32) 29 (24–32) 25 (20–30) <0.001
Lactate (mmol/L) 2 (2–3) 3 (2–3) 2 (2–3) 4 (2–7) <0.001
International normalized ratio 3 (2–4) 4 (2–5) 2 (2–4) 4 (3–5) <0.001
Platelet count (3109/L) 146 (92–194) 130 (86–210) 121 (68–155) 87 (49–129) <0.001
PaO2/FiO2 397 (357–457) 357 (250–437) 390 (354–425) 320 (189–406) <0.001
Vasopressor use 3% 8% 11% 29% <0.001
Mean arterial blood pressure (mmHg) 81 (68–97) 82 (67–102) 89 (66–106) 68 (59–87) 0.001
Phosphate (mmol/L) 0.52 (0.36–0.70) 0.64 (0.51–0.81) 0.76 (0.41–1.11) 0.96 (0.60–1.56) <0.001
APACHE II scoree 5 (2–8) 6 (4–12) 7 (5–14) 17 (11–25) <0.001
SOFA scoree 4 (3–6) 6 (5–8) 7 (5–8) 11 (7–14) <0.001
MELD scoree 24 (18–27) 27 (19–30) 29 (22–33) 35 (29–41) <0.001
Day 3 variables
Temperature (!C) 37.0 (36.5–37.7) 37.5 (36.9–37.9) 37.2 (36.1–38.1) 35.9 (35.3–37.0) <0.001
Respiratory rate per minute 20 (19–29) 24 (20–29) 21 (14–26) 20 (16–24) 0.03
pH 7.40 (7.40–7.46) 7.40 (7.40–7.44) 7.40 (7.35–7.44) 7.40 (7.34–7.42) 0.004
Sodium (mmol/L) 141 (138–144) 141 (138–145) 143 (138–147) 143 (139–148) 0.03
Potassium (mmol/L) 4.0 (3.8–4.2) 4.0 (3.8–4.2) 4.4 (4.1–4.7) 4.3 (4.0–4.6) 0.002
Haematocrit (%) 33 (29–37) 32 (29–36) 32 (27–37) 27 (24–30) <0.001
Glasgow Coma Scale 15 (12–15) 15 (11–15) 15 (9–15) 10 (6–15) <0.001
Albumin (g/L) 24 (21–26) 21 (19–26) 23 (19–28) 19 (16–22) <0.001
Lactate (mmol/L) 1 (1–2) 1 (1–2) 2 (1–2) 2 (2–3) <0.001
Platelet count (3109/L) 99 (81–135) 99 (90–115) 90 (65–130) 72 (49–96) <0.001
PaO2/FiO2 363 (323–407) 351 (290–407) 376 (191–413) 247 (171–357) <0.001
Vasopressor use 0% 0% 3% 97% <0.001
Mean arterial blood pressure (mmHg) 80 (71–93) 103 (79–117) 86 (73–109) 68 (62–92) 0.01
SOFA scoree 6 (4–7) 6 (3–7) 7 (5–13) 13 (9–17) <0.001
MELD scoree 21 (17–24) 22 (11–28) 29 (22–35) 31 (26–37) <0.001

Abbreviations: AKI, acute kidney injury; PaO2/FiO2, partial pressure of oxygen in arterial blood to the inspired oxygen fraction, MELD, model for
end-stage liver disease; SOFA, sequential organ failure assessment; APACHE, acute physiology age chronic health evaluation.
aData are expressed as medians (interquartile ranges) or percentage of total patients in each group.
bComparisons are made by univariate ordinal logistic regression analysis.
cAt any point during the patient’s intensive therapy unit stay.
dReference category, no encephalopathy.
eNot included in the multivariate analysis.
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On multivariate analysis AKI not significant vs prognostic models 



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) 
 


