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Purpose
• Observational study based on methodology of RELIEF trial 
• This was a RCT from 2018 which randomised elective major 

abdominal surgery to zero fluid balance (restrictive) versus positive 
fluid balance (liberal)

• They found an increased hazard ratio for acute kidney injury (defined 
by 1.5x baseline creatinine – KDIGO)

• Our study looked at emergency patients undergoing major general 
surgery (emergency laparotomy) or major orthopaedics (major lower 
limb fractures)

• We analysed the association between AKI and fluid balance and 
timing of recovery by measuring fluid balance at days 0, 3 and 7 and 
comparing this with the change in kidney function measured by 
serum creatinine



Table 3. Primary and Secondary Outcomes.* 

Outcome 
Restrictive Fluid 

(N=1490) 

Liberal Fluid 
(N=1493) 

Hazard o r Risk Ratio 
1 9 5 %   C I ) t P Value 

Primary outcome 

Disability-free survival a t 1 y r — no. (%)* 1223 (81.9) 1232 (82.3) 1.05 (0.88-1.24) 0.61 

Death o r persistent disability — no. 267 261 

Death 95 9 6 

Persistent disability 172 165 

Secondary outcomes 

Composite septic outcome o r death — no./total no. (%)1 323/1481 (21.8) 295/1487 (19.8) 1.10 (0.96-1.27) 0.19 

Surgical-site infection — no./total no. (%) 245/1481 (16.5) 202/1487 (13.6) 1.22 (1.03-1.45) 0.02l 
Sepsis — no./total no. (%) 157/1481 (10.6) 129/1487 (8.7) 1.22 (0.98-1.52) 0.08 

Anastomotic leak — no./total no. (%) 49/1481 (3.3) 35/1487 (2.4) 1.41 (0.92-2.16) 0.12 

Pneumonia — no./total no. (%) 54/1481 (3.6) 57/1487 (3.8) 0 . 9 5   ( 0 . 6 6 - 1 . 3 7 ) 0.79 

Acute kidney injury — no./total no. (%)** 124/1443 (8.6) 72/1439 (5.0) (1.71 (129-227) G.001 
Renal-replacement therapy — no./total no. (%) 13/1460 (0.9) 4/1462 (0.3) 3.27 (1.01-13.8) 0.048 

Pulmonary edema — no./total no. (%) 20/1481 (1.4) 32/1487 (2.2) 0.63 (0.36-1.09) 0.10 

Unplanned admission to ICU — no./total no. (%) 161/1487 (10.8) 145/1491 (9.7) 1.11 (0.90-1.38) 0.32 

Median peak serum lactate level (IQR) — mmol per 
literti 

1.6 (1.1-2.5) 1.6 (1.1-2.4) NA NA 

Median C-reactive protein level on day 3 (IQR) — mg per 
liter## 

136(82-198) 133(80-200) NA 0.66 

Median duration o f mechanical ventilation (IQR) — hr55 17 (5-65) 14(3-31) NA 0.07 

Median score on quality-of-recovery scale (IQR) 11 106(89-121) 107 (90-122) NA 0.31 

Median duration of stay i n HDU or ICU (IQR) — days|||| 1.8 (1.0-3.1) 1.4 (0.9-2.9) NA 0.13 

Median duration of hospital stay (IQR) — days 6.4 (3.6-10.6) 5.6 (3.6-10.5) NA 0.26 

Death — no. (%)* 

At 9 0 days 31(2.1) 18 (1.2) 1.73 (0.97-3.10) 0.06 

At 12 mo 95(6.5) 96(6.6) 1.03 (0.78-1.36) 0.86 

SECONDARY OUTCOMES 

Acute kidney injury occurred in 124 patients 
(8.6%) i n the restrictive fluid group and in 72 
patients (5.0%) i n the liberal fluid group (P‹0.001), 



RELIEF results at 24 hrs





After fitting a cubic spline 
to the means of the data
X – days post-op
Y – fluid balance









Subgroup of 50 in whom 7d of FB 
data available
Assumption no correlation between 
FB d0, d3, d7 (part of ‘iid’ assumption 
of OLS regression)



This is a RVF plot
It checks the assumptions of 
the linear relationship by 
plotting the error term against 
the values.
It is supposed to be randomly 
distributed above and below 
line of zero.
Here it is downwardly sloped 
and has an ‘hour-glass’ shape
This can be tested with a 
White’s test for non-constant 
variance (heteroskedasticity), 
which is positive (below)



Log transformation of 
deltacr variable

Now more ‘normal’

? Two underlying normal 
distributions



This made a big difference
 Now all variables are significantly assoc 
with logdeltacr

Interpretation of coefficient= % change in 
creatinine (not log creatinine) for each unit 
change in fluid balance
e.g. for FB day 0 +1L creatinine rises by 
23%
               FB day 3 +1L creatinine rises by 
7%
               FB day 7 +1L creatinine rises by 
5%



Reducing the number of parameters to 1 but 
still using same ptns with 7 days fluid balance 
data
This allows a Wald test of the model to be 
done (the no parameters needs to be less 
than the no groups)



36% obs in first dist, 64% in second



Another way of doing it – the Kolgomorov-
Smirnov test
This checks whether the logdeltacr variable is 
distributed the same across surgical teams
D is the max distance between the two 
functions
In this case Gen surg is smaller than ortho for 
logdeltacr variable
The opposite hypothesis that ortho is larger (D 
negative) is not proven
The combined K-S statistic is the hypothesis 
that both are true i.e. gen surg is smaller and 
ortho is larger for logdeltacr
This provides some evidence for two 
distributions



Time to recovery from AKI 
(defined as >1.5x baseline 
creatinine) was 
significantly longer with 
more fluid
Excluded (censored) those 
with missing data and end 
before/on day of surgery 
leaving 138 ptns



Summary

• Positive fluid balance was associated with renal dysfunction in 
post-operative patients in our data

• When data adjusted for skew using log transformation positive 
relationship between fluid balance and rise in creatinine was 
demonstrated using GEE model

• Relationship stronger for general surgery patients than 
orthopaedic patients

• Association between positive fluid balance and slower time to 
renal recovery using Cox PH model



Anaesthesia and Intensive Care Journal 
response
• This is a retrospective analysis of the relationship between postoperative 

creatinine changes and fluid balance in a heterogeneous (abdominal and 
orthopaedic) emergency surgical population sample of 333 patients at one centre 
over a 12 month period. 

The aim of the study is not made clear, with no primary endpoint nominated. The 
sample size seems to be an arbitrary one, so the likelihood of adequate statistical 
power to demonstrate relationships is unclear.

The results are not well articulated or summarised, instead with reference to a 
series of 8 tables which are not well labelled to allow the reader to understand 
where each fits into the outcomes of interest. 

The clinical meaning of the “weak relationship” between degree of positive fluid 
balance and AKI incidence is quite obscure, particularly give the multiplicity of 
statistical testing performed, and it seems impossible to imply causality in this 
sort of retrospective analysis.


