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Why do doctors give fluids to critically ill 
patients with AKI?

 The urine output is low

 The blood pressure is low

 The neck veins are low

 The CVP is low

 The cardiac output is low

 The patient is bleeding (typically they give 
blood)

 The pulse pressure variation, stroke volume 
variation, PAOP etc.) are abnormal



Oliguria in ICU

 It is very common. 

 If short-lived, the typical response is observation (but 
not always – see below). 

 If sustained, the most common response is to give 
intravenous fluids



EVIDENCE

 The giving intravenous fluids for oliguria is so common 
that there must be strong evidence to support the view 
that

 A) Fluids are efficacious (they achieve the physiological 
target variable)

 B) Fluids are effective (they improve clinical outcomes 

 C) Fluids are safe (they do not cause important adverse 
events)



EVIDENCE

 Very strong historical control-based evidence that 
intravenous fluids are life-saving in

 1. Cholera

 2. Severe viral diarrhea

 3. Severe bacterial diarrhea

 4. Other states of profound dehydration (heat stroke, 
sun stroke, marathon runners etc.)

 5. Rhabdomyolysis

All conditions with low UO, low BP, low CVP.



EVIDENCE

 By analogy with cholera, diarrhea, 
rhabomyolysis, heat stroke, other states of 
volume depletion which are associated with low 
UO, low BP, low neck veins, low CVP, doctors 
respond in the same way (give fluids) to other 
states that carry similar physiological markers 
(post-surgical oliguria, oliguria during epidural 
infusion, septic oliguria, oliguria after cardiac 

surgery. AKI etc.)…but where things are 
very different!



RCT of fluids in AKI

 PubMed identifies only 67 RCTs

 Most are irrelevant studies or contrast 
nephropathy studies

 Some evidence that steady hydration with 
isotonic fluid decreases the incidence of contrast 
nephropathy

 Several studies show possible renal toxicity of 
starch preparations

 No other relevant studies 



The emergence of a contrary view



The risks of 

IV fluids 



IV fluids always looks bad!



The “FACTTs”

 NEJM 2006; 354: 1-12

 Comparison of two fluid-management strategies in acute 
lung injury

 NB: Pneumonia + sepsis >80% of patients

 503 = conservative strategy

 497 = liberal strategy



Liberal vs. conservative fluid use
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P<0.001

NB: need for RRT 2.8 vs. 1.9% (p=0.06) 
Mortality 28.4 vs. 25.5%.
All in favour of “dry”

ALL given 

Loop diuretics !!



Positive fluid balance is bad in AKI









The type of fluid matters
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AUSTRALIA (1686 patients)
Alfred Hospital
Royal Melbourne Hospital
Austin Health
St Vincent's Hospital
Western Hospital
Geelong Hospital
Dandenong Hospital
Monash Medical Centre
Peter MacCallum
Maroondah Hospital
Epworth Hospital
Coffs Harbour Health Campus
Macquarie University Hospital
Prince of Wales Hospital
John Hunter Hospital
Cairns Hospital
Princess Alexandra Hospital
Redcliffe Hospital
Prince Charles Hospital
Nepean Hospital
Royal Hobart Hospital
Launceston General Hospital
Royal Adelaide Hospital
Royal Perth Hospital

NEW ZEALAND (94 patients)
Auckland CVICU
Auckland Hospital
Wellington Hospital

HONG KONG (231 patients)
Prince of Wales Hospital

UK (304 patients)
Bassildon and Thurrock
Plymouth NHS Trust
St Georges Healthcare NHS Trust
Kings College Hospital
Kettering General Hospital
Freeman Hospital
Sunderland Hospital
Russells Hall Hospital
Royal Free Hospital
University Hospital of North Durham

ITALY (64 patients)
Scientific Institute San 
Raffaele

CANADA (471 patients)
Toronto General Hospital
Royal Victoria Infirmary
Royal Victoria Montreal
Toronto Western
Kingston General Hospital

USA (150 patients)
Cleveland Clinic
Wake Forest
Weill Medical College

3000 patients, 47 hospitals, 7 countries



Background

 Routine management of perioperative hypotension = IV 
fluid bolus +++

 Traditional IV fluid therapy

• 6 L on day of surgery, then 3 L/day → 4-6 kg weight increase

 Can a restrictive fluid regimen improve outcome? 

• less tissue and pulmonary oedema, haemodilution …

• but more hypotension: vasopressor support (& need for ICU?)

• metaraminol, noradrenaline, dopexamine



Restrictive Fluid Therapy

1. Lobo D, et al. Effect of salt and water balance on recovery of gastrointestinal function 
after elective colonic resection: a randomised controlled trial. Lancet 2002

 RCT, 20 colonic surgical patients

 restrictive group: less complications (0 vs. 7, P=0.01), shorter hospital stay (6 vs. 9 
days, P=0.001) 

2. Brandstrup B, et al. Effects of intravenous fluid restriction on postoperative 
complications: comparison of two perioperative fluid regimens: a randomized assessor-
blinded multicenter trial Ann Surg 2003

 RCT, 172 colorectal surgical patients

 restrictive group: less complications (33% vs. 51%, P=0.013), less deaths (0 vs. 4, 
P=0.12) 

3. Nisanevich V, et al. Effect of intraoperative fluid management on outcome after 
intraabdominal surgery. Anesthesiology 2005

 RCT, 152 abdominal surgical patients

 restrictive group: less complications (P=0.046), shorter hospital stay (P=0.01)



Anesth Analg 2012

“maintaining patients near zero-fluid balance in the perioperative period leads to a decrease in 
postoperative complications with a reduction in length of hospital stay”



The RELIEF Trial
www.relief.org.au

Hypothesis
A restrictive fluid regimen for adults undergoing major surgery leads to 
reduced complications and improved disability-free survival when 
compared with a liberal fluid regimen

 Study population: major abdominal surgery

 International, multicentre, randomised, single-blind, pragmatic trial

First 24 h

Liberal group ≈5-6 litres

Restrictive group ≈2-3 litres



M a j o r  a b d o m i n a l  o r  
p e l v i c  s u r g e r y

R e s t r i c t i v e

“ z e r o  b a l a n c e ”

At induction
Hartmanns ≤5 ml/kg

During surgery
Hartmanns 5 ml/kg/h

After surgery
IV fluids, ≤0.8 ml/kg/h

At induction
Hartmanns 10 ml/kg

During surgery
Hartmanns 8 ml/kg/h

After surgery
IV fluids ≥1.5 ml/kg/h

Total fluid in first 24 h for 75 kg adult undergoing 4 h operation

≤3000 ml ≥5400 ml

Both groups

Blood loss may be replaced with 
colloid / blood

L i b e r a l

“ t r a d i t i o n a l ”

Modifications can be made to 
type or rate of fluid if warranted 

by patient’s condition*

*analysis by ITT



Anesthesiology 2015

Primary Endpoint
of the Trial 



Secondary Endpoints

 Acute kidney injury

 Major septic complications (composite, plus individual) = 
any of:

 sepsis, surgical site infection, anastomotic leak, pneumonia

 Also: 

 mortality (30 and 90 days, 1 year)

 unplanned admission to ICU

 quality of recovery (QoR-15)

 ICU and hospital stay 



Results 
Group (IV fluid) Separation

Fluids
“Liberal”

(traditional)
“Restrictive”

(zero balance) P value

Duration of surgery 3.3 h 3.3 h

Intraoperative, ml 3000 (2100-3850) 1680 (1200-2300) <0.001

Total fluids (0-24 h) 6146 (5000-7410) 3671 (2885-4880) <0.001

Fluid balance, ml

Weight gain, kg

3092 (2010-4241)

1.6 (0.0 – 3.6)

1380 (540-2338)

0.3 (-1.0 – 1.9)

<0.001

<0.001

median (IQR)



Liberal
(n=1493)

Restrictive
(n=1490)

Type of surgery – no. (%)
Oeosophageal/gastric
Hepatobiliary
Colorectal
Urological/renal
Gynaecological
Other

Open
Laparoscopic
Laparoscopic-assisted 

Duration of surgery - hour

257 (17)
139 (9.3)
651 (44)
223 (15)
139 (9.3)
84 (5.6)

788 (53)
463 (31)
242 (16)

3.3 (2.5-4.5)

286 (19)
133 (8.9)
646 (43)
220 (15)
135 (9.1)
70 (4.7)

818 (55)
458 (31)
214 (14)

3.3 (2.4-4.6)

RELIEF Trial: Surgery



Factor
Liberal

(N=1493)
Restrictive
(N=1490)

Patient age - years 66 ± 13 66 ± 13
Male/female – no. (%male) 783/710 (52) 771/719 (52)

Body weight – kg 83 (69 -102) 84 (68-102)

ASA physical status
1
2
3
4

21 (1.4)
540 (36)
868 (58)
64 (4.3)

25 (1.7)
542 (36)
849 (57)
74 (5.0)

Preoperative WHODAS score - median (IQR) 15 (13-21) 15 (13-21)

Country – no. (%)
Australia
New Zealand
Canada
Hong Kong 
United Kingdom
Italy 
United States 

841 (56)
48 (3.2)
247 (17)
116 (7.8)
134 (9.0)
32 (2.1)
75 (5.0)

836 (56)
46 (3.1)
250 (17)
111 (7.4)
141 (9.5)
32 (2.1)
74 (5.0)

Medical conditions – no. (%)
Hypertension 908 (61) 899 (60)
Coronary artery disease 250 (17) 212 (14)
Heart failure 47 (3.1) 57 (3.8)
Previous MI 146 (9.8) 122 (8.2)
Peripheral vascular disease 92 (6.2) 95 (6.4)
Current smoker 204 (14) 194 (13)
History of stroke or TIA 115 (7.7) 105 (7.0)
COPD 254 (17) 244 (16)
Moderate or severe renal disease 108 (7.2) 101 (6.8)

Preoperative investigations – no. (%)
Creatinine - µmol/L 83 ± 29 82 ± 28
Albumin – g/L 39 (35-42) 39 (35-42)

Perioperative care
Neuraxial block - no. (%)
PPV/SVV or Oes. Doppler monitor- no. (%)

385 (26)
201 (14)

409 (27)
210 (14)

Surgery – no. (%)
Clean
Clean-contaminated
Contaminated
Dirty

557 (38)
836 (57)
58 (4.0)
12 (0.8)

531 (36)
862 (59)
56 (3.8)
14 (1.0)



Primary Outcome

Outcome
Liberal

(n=1493)
Restrictive
(n=1490) HR (95% CI) P value

Primary outcome
Disability-free 
survival at 1 year 82.3% 81.9% 1.05 (0.88-1.24) 0.61

HR 1.5 (0.88-1.24)
P=0.61



Secondary Outcomes

Outcome
Liberal

(n=1493)
Restrictive
(n=1490) RR (95% CI) P value

Acute kidney injury 72 (5.0) 124 (8.6) 1.71 (1.29 - 2.27) <0.001

Septic outcome or death 
Surgical site infection
Sepsis
Anastomotic leak
Pneumonia

295 (19.8)
202 (13.6)
129 (8.7)
35 (2.4)
57 (3.8)

323 (21.8)
245 (16.5)
157 (10.6)
49 (3.3)
54 (3.6)

1.10 (0.96 - 1.27)
1.22 (1.03 - 1.45)
1.22 (0.98 - 1.52)
1.41 (0.92 - 2.16)
0.95 (0.66 - 1.37)

0.19
0.024
0.075
0.12
0.79

Renal replacement therapy to 
90 days 

4 (0.3) 13 (0.9) 3.27 (1.01 - 13.8) 0.048

QoR-15 score (day 1) 96 (81 – 109) 94 (79 – 108) - 0.036

Hospital stay - days 5.6 (3.6 – 10.5) 6.4 (3.6 – 10.5) - 0.26

Mortality
at 90 days
at 1 year

18 (1.2)
96 (6.6)

31 (2.1)
95 (6.5)

-
-

0.064
0.86



Acute Kidney Injury

Outcome
Liberal

(n=1493)
Restrictive
(n=1490) RR (95% CI) P value

Preop. Creatinine, µmol/L 83 ± 29 82 ± 28 - -

Lowest systolic BP, mmHg
intraoperative
recovery room

88  ± 15
119  ± 22

86  ± 15
116  ± 22 -

0.020
0.002

Urine output, ml (intraop.) 350 (200-600) 250 (140-440) - <0.001

Oliguria/anuria (intraop.) 347 (27) 486 (39) 1.42 (1.26 - 1.59) <0.001

Acute kidney injury 72 (5.0) 124  (8.6) 1.71 (1.29 - 2.27) <0.001

Renal replacement therapy to 
90 days 

4 (0.3) 13 (0.9) 3.27 (1.01 - 13.8) 0.048



Acute Kidney Injury

Outcome
Liberal

(n=1493)
Restrictive
(n=1490) Odds Ratio P value

KDIGO
Stage 1
Stage 2
Stage 3
Stages 1-3 (all)
Stages 2 or 3

15.1%
2.5%
1.3%
19.0%
3.8%

19.6%
4.5%
2.3%
26.4%
6.8%

1.43
1.96
1.95
1.39
1.78

<0.001
0.002
0.022

<0.001
<0.001

KDIGO Stage 2 or 3 without
adjustment for fluid balance 3.2% 6.4% 2.0 <0.001

*KDIGO without urine output criteria



Surgical Site Infection

Outcome
Liberal

(n=1493)
Restrictive
(n=1490) P value

Superficial incisional

Deep incisional

Organ space

116 (7.8)

56 (3.8)

44 (3.0)

134 (9.0)

62 (4.2)

72 (4.9)

0.22

0.56

0.007



acute kidney injury



Conclusions

 Monitor fluid balance

 Assess regularly for adequacy of fluid status

 Avoid fluid depletion

 Avoid fluid overload

 Do not use starch or other synthetic colloids

 Do not use chloride rich fluids

 In major surgery patients apply the “liberal” fluid 
protocol of the RELIEF study


