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Background

• Main source: dietary sodium chloride (= NaCl 0.9% 0.5-1.3l)

• Reference value 97-107mmol/l, but variation between assays



Chloride

• 99.1% reabsorbed, mainly passive in the prox tubule



Chloride

In animals:

• Decreases short-time survival and acid-base balance

• Decreases systemic BP

• Pro-inflammatory

• Produces renal vasoconstriction and fall in GFR

• Increases renal vascular responsiveness to angioII

In adults:

• Decreased diuresis and natriuresis compared to lactate solution in 
healthy volunteers and patients undergoing surgery

• Decreased gastric mucosal perfusion post surgery in elderly

• Higher incidence of metabolic acidosis and hyperkaliemia without effect
on renal function in transplant

• Reduction of mean renal artery flow velocity and renal cortical tissue 
perfusion in healthy patient

Yunos. Crit Care 2010



Cristalloids

Colloids



Differences between iv fluid in AKI?

 Increased incidence ok AKI with HES compared to gelatin
Effects of hydroxyethylstarch and gelatin on renal function in severe sepsis: a multicentre randomised study. 

Schortgen F et al. Lancet 2001

 Similar outcome (mortality, days RRT) using albumin 4% versus 

saline. A comparison of albumin and saline for fluid resuscitation in the intensive care unit. Finfer R. NEJM 2004.

 Meta-analysis: gelatin compared to starches solution: less AKI.
Benefits and risks of using gelatin solution as a plasma expander for peri-operative and critically ill patients: a meta-

analysis. Saw M. Anesth Int Care 2012

 Hyperoncotic colloids and albumin are associated with î AKI.
The risk associated with hyperoncotic collloids in patients with shock. Schortgen F. Int Care Med 2008

 Hyperoncotic albumin decreases AKI and hyperoncotic HES 

increased. Hyperoncotic colloids and acute kidney injury: a meta-analyisi. Wiedermann Cj. Crit Care 2010.

 Increased risk of death and RRT in HES treated septic patients.. 
Hydroxyethyl starch 130/0.42 versus Ringer’s acetate in severe sepsis. Perner A. NEJM 2012



Shaw. Ann Surg 2012
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 Hypothesis: Chloride fluid restriction decreases incidence + 

severity of AKI 

Outcome measures:

I. Increase in creatinine (baseline-peak) according to RIFLE

II. Need RRT, length of stay and survival



Method

 Prospective, open-label (not randomised not blinded)

 multicentric study in 22 ICUs Australia

• control phase 6 months 2008: 

free to use any iv fluid

• wash-out period 6 months: 

education period ICU, ER, OR

• intervention phase 6 months 2009:  

saline 0.9% gelofusin, albumin 4% only if attending ok

 All admissions. No exclusion criteria

 Statistics:  GEEs (creat)

Logistic regression (AKI, RRT)

Kaplan-Meier, Cox regression (time to event)



Fluids

High Chloride Low Chloride



Results

*

Follow-up: 11d



Previous results Yunos. Crit Care Med 2011



Previous results Yunos. Crit Care Med 2011



Fluids

Prescriptions Control (n=760) Intervention (n=773) p

Saline 0.9% l 2411 52 <0.001

Gelatin 4% 538 0 <0.001

Albumin 4% 269 80 <0.001

Hartmann 469 3205 <0.001

Plasmalyte 65 160 0.04

Albumin 20% 87 268 <0.001

Chloride mmol/patient 694 496 na

Sodium mmol/patient 750 623 na

Potassium mmol/patient 3.5 22 na

Lactate mmol/patient 18 120 na



I. AKI incidence

Decrease in creatinine
mimol/l

14.8 [9.8-19.9] 22.6 [17.5-27.7] 0.03

RRT need n (%) 78 (10) [8.1-12] 49 (6.3) [4.6-8.1] 0.005



Relation between increased creatinine and chloride
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P=0.001

I. Chloride free adjusted OR AKI (IF): 0.52 [0.37-0.75]

II.Chloride free adjusted OR RRT: 0.52 [0.33-0.81]



I. Time to AKI

Chloride free adjusted HR AKI (IF): 0.52 [0.38-0.72]



II. Time to RRT

Chloride free adjusted HR RRT: 0.52 [0.35-0.76]



II. Post hoc analysis

• ICU Mortality: no difference (c65 vs i59)

• Hospital mortality: no difference (c112 vs i102)

• ICU stay: no difference (c42.9 vs i42.8h)

• Hospital stay: no difference (c11d vs i11d)

• RRT at 3 months: no difference (c6 vs i5)



Conclusions - discussion

Chloride-fluid restriction:

• Reduces creatinine increase

• Decreases AKI and RRT

• Increases time to AKI and RRT

BUT

• Not randomised not controlled but multicentric

• Different period time but no other changes

• 6 different types of fluids

• Chloride or salt effect?


