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Purpose of review

To highlight some of the recent key issues surrounding crystalloid and colloid fluid

management of critically ill patients.

Recent findings

Significant developments have been made in the understanding of ionic balance of

fluids and their effects on acid–base, the role of hydration and overhydration,

alkalinization of fluids in patients at high risk for contrast induced nephropathy, and finally

the role of colloids in acute kidney injury.

Summary

Despite hydration remaining a key principle in fluid management in many patients,

volume overload is of considerable concern. Recent evidence also suggests that

balanced electrolyte formulations are preferable to saline-based formulations in a variety

of clinical settings. Furthermore, alkalinization of fluids is protective in the setting of

contrast-induced nephropathy. Oncotic load appears to be the most important factor in

acute kidney injury associated with colloid fluid therapy.
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Introduction
Many truths and myths exist about the role of intrave-

nous fluids in prevention and management of kidney

injury. Although there is a substantial body of literature

about the impact of various management strategies in the

kidney at risk, there is also a lack of definitive evidence

for many of the assumptions that we as clinicians take for

granted. There are some excellent reviews on the sub-

ject, all essential reading [1�,2�,3]. This review aims to

address a few of the more recent patterns of thought

relating to intravenous fluid management, especially in

the high-risk kidney. Key topics for this review are

hydration, balanced electrolyte vs. saline-based fluids,

alkalinization of intravenous fluids as prevention of con-

trast-induced nephropathy, and colloids and kidney

injury.
Hydration
Dehydration or volume depletion is considered a high-

risk factor for developing acute kidney injury (AKI), and

much of our clinical practice in critical care and the

perioperative setting is geared to reducing the risk of

hypovolemia. During the acute, early stages of critical

illness, adequate volume resuscitation remains a goal for

optimizing tissue perfusion and oxygen delivery [4].

Interestingly, no randomized controlled trials (RCTs)
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have been reported investigating the impact of adequate

hydration vs. placebo on AKI. There is also no evidence

that fluid therapy can reverse established AKI. Small

studies investigating types of fluids and kidney injury

are reported, most of this in the setting of contrast-

induced nephropathy. They will be discussed in greater

detail in that section of the review.

In a large multicenter RCT investigating the role of

conservative fluid management vs. traditional liberal

fluid management on kidney injury in 1000 critically ill

patients with acute lung injury, the investigators found

that the fluid strategy did not affect the incidence

of AKI [5]. An interesting result is reported, where

dialysis requirement trended lower in the conservative

fluid management group (10 vs. 14%; P¼ 0.06). This

is compounded by the fact that despite receiving

greater volumes of fluid, daily urine output was lower

during the first seven days in the liberal fluid manage-

ment group. Volume overload may well be implicated

in the risk of abdominal compartment syndrome,

and it may be this that caused the interesting result

described.

Fluid overload in critical illness is an area of increasing

attention, especially in the pathogenesis of abdominal

compartment syndrome, with volume overload having an

association with adverse clinical outcomes in critically ill
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patients [6–8]. Moreover, it would be prudent to consider

fluid management carefully in patients with oliguric AKI,

where little evidence exists for repeated fluid challenges

as a rescue measure. Indeed, the repeated fluid chal-

lenges may not only worsen abdominal compartment

pressures, but also result in adverse outcomes of other

organ systems.
Balanced electrolyte vs. saline-based fluids
It is well documented that large volume 0.9% saline

administration causes a hyperchloremic metabolic acido-

sis (HCMA), a phenomenon well described by Stewart in

the early 1980s [9–11]. Stewart explained the physico-

chemical approach to acid–base management as central

to hydrogen ion regulation, where pH depends on, among

others, plasma strong ion concentrations. A simplistic

view implicates that should the plasma chloride concen-

tration increase, more hydrogen ions need to be pro-

duced, leading to a metabolic acidosis.

Hyperchloremia causes afferent renal artery vasocont-

striction in an animal model, suggesting a possible role

in kidney function [12]. Saline-induced HCMA is associ-

ated with impaired organ function, for example, gut,

central nervous system and coagulation, as well as

delayed or slower urine production, but no differences

in clinical outcomes have been reported [13–17]. It is

important to note that these studies are underpowered to

detect significant clinical outcomes.

A study of 51 patients undergoing mostly living-related

kidney transplants (48 living-related, three cadaveric)

randomized the recipients to receive either a 0.9%

saline-based or a lactated Ringers-based fluid manage-

ment algorithm [18]. Despite no difference in the

primary outcome (creatinine concentration on day 3),

there was a significantly higher rate of hyperkalemia

and acidosis requiring treatment in the saline group,

suggesting that (potassium-containing) lactated Ring-

ers may be a well tolerated fluid choice in renal trans-

plant recipients. These results have since been con-

firmed by another group using similar methodology

[19].
Alkalinization of fluids in contrast-induced
nephropathy
With ever increasing numbers of procedures being per-

formed percutaneously, a greater number of patients are

being exposed to radiocontrast agents. Besides the con-

cern for contrast allergic reactions, contrast-induced

nephropathy (CIN) is a significant risk factor for adverse

outcomes. It has various definitions, most of which are

diagnosed by absolute or relative increases in serum

creatinine within 48 h of exposure to contrast agents.
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The currently understood pathogenesis of this phenom-

enon indicates that the contrast agents themselves cause

both renal ischemia and renal tubular cell toxicity, where

epithelial cell necrosis occurs primarily in the thin

ascending limb of the renal medullary loop of Henle

[20]. Worse clinical outcomes are associated with CIN,

including increased morbidity, prolonged length of hos-

pital stay, and mortality. Those particularly at risk are

diabetic patients, patients with preexisting renal impair-

ment, and those with congestive heart failure. Among

other factors, the dose and type of contrast agent received

is important [20], and the viscosity and osmolality of the

contrast administered also affects the incidence of AKI,

where the newer isotonic contrast agents appear to cause

a lower incidence of CIN [21,22].

The role of intravascular volume is a significant factor,

where simple intravenous hydration reduces the inci-

dence of CIN. Recently, growing interest has also

focused on the role of bicarbonate alkalinization of

the intravenous fluid administered. The first single-

center RCT to show a reduction in CIN, by Merten

et al. [23], investigated fluid management using either

0.9% saline or sodium bicarbonate infusions. Their

algorithm of 150 mEq NaHCO3 per 850 ml 5% dextrose

solution at 3 ml/kg per h for 1 h before the procedure,

followed by 1 ml/kg per h for 6 h after the procedure

produced a significantly lower incidence of CIN in the

sodium bicarbonate-treated patients, although the

mechanism remains unclear. More recently, studies

have described varying results, from no difference to

benefit with bicarbonate solutions, and two separate

systematic reviews by Navaneethan et al. [24] and

Meier et al. [25�] published this year described an

overall perceived benefit of bicarbonate solutions over

0.9% saline in prevention of CIN. These systematic

reviews reported similar odds ratios (ORs) (0.46 and

0.52) and confidence intervals (0.26–0.82 and 0.34–0.8).

The overall message with CIN is that adequate

hydration is essential, and it appears that bicarbonate

solutions are better at reducing CIN. There remains

some controversy over the role of N-acetylcysteine in

the prevention of CIN, however, as these data are

currently inconclusive.

Haase et al. [26] recently reported an interesting devel-

opment using NaHCO3 as a potential perioperative

renoprotective strategy in cardiac bypass surgery patients.

They reported a lower incidence of acute renal dysfunc-

tion in the bicarbonate-treated patients.
Colloids and renal function
The administration of fluid and the maintenance of

plasma volume are most likely the only strategies that

can reliably diminish the incidence of renal dysfunction
orized reproduction of this article is prohibited.
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in surgical patients, victims of trauma, and the critically

ill. As described earlier, growing interest in the problem

of the abdominal compartment syndrome, particularly

with its potential to impair renal function, has

suggested that aggressive crystalloid resuscitation in a

variety of clinical circumstances may increase the

risk of abdominal compartment syndrome and may

thus impair renal function. As colloids maintain the

plasma volume efficiently, they ought to be associated

with a reduction in the incidence of renal failure.

However, there is no conclusive evidence that this is

the case and, under certain circumstances, it appears

that the colloids may have a detrimental effect on

renal performance.

Acute renal failure following the infusion of colloids

was first described with the dextrans, notably dextran

40. In early reports where dextrans were used in the

treatment of acute stroke, the incidence of renal failure

ranged from 0 to 4.3%, with the main difference relating

to the degree of fluid supplementation with crystalloids

in the studies, with generous crystalloid supplement-

ation apparently preventing renal dysfunction associ-

ated with dextran 40 administration [27]. A number of

risk factors were identified in a review including

increasing age, latent renal disease, dehydration, and

the administration of high doses of 10% (hyperoncotic)

dextran 40 for several days [28]. A number of possibi-

lities were considered to explain the renal injury includ-

ing direct toxicity of the dextran molecule and the

accumulation of hyperoncotic molecules within the

plasma. The chemical toxicity of dextran is very low,

but the occurrence of vacuoles in proximal tubular cells,

referred to as osmotic nephrosis-like lesions, has been

described [29]. Although these lesions were initially

thought to be responsible for impaired renal function,

they have subsequently been described in association

with a wide variety of intravenously administered sub-

stances, including mannitol, gelatins, and hydroxyethyl

starches, as well as agents not associated with renal

failure; their appearance is not consistently associated

with renal dysfunction. Mailloux et al. [30] showed that

dextran could induce renal dysfunction rapidly in

experimental animals with uncompensated hemorrhage

and hypothesized that hyperviscous urine could be the

cause. Subsequent reports, however, demonstrated that

acute renal failure precipitated by dextrans could be

reversed by the removal of dextran molecules from the

plasma by plasmapheresis [31]. The renal dysfunction

was shown to parallel an increase in plasma oncotic

pressure sufficient to oppose hydraulic filtration pres-

sure within Bowman’s capsule. This led to the concept

of hyperoncotic renal failure, and the syndrome has

been reported not only with dextrans but also with

hydroxyethyl starch (HES), gelatin, and hyperoncotic

albumin.
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Neither albumin nor gelatin is thought to have any

direct toxic effect on the renal tubules, but a variety

of reports have raised the possibility that HES may

be associated with renal injury. The first of these

described osmotic nephrosis-like lesions in trans-

planted kidneys where the donor had been resuscitated

with HES 200/0.64, but these had no effect on renal

function in up to 6 months following transplantation

[32]. A randomized, but not blinded, comparison of

HES 200/0.64 with gelatin in septic patients demon-

strated a high creatinine in the HES group on days 6

and 7 compared with the gelatin group, but the base-

line serum creatinine was nonsignificantly higher in the

HES group (P¼ 0.06) and there was no outcome differ-

ence in either dialysis requirements or survival [33].

Finally, a study in septic patients compared 10% HES

200/0.5 with Ringer’s lactate for fluid resuscitation and

intensive care and showed a dose-related increase in

renal failure and mortality in the patients receiving

HES. However, many patients received very large

quantities of HES, well in excess of the recommended

doses. In a subgroup that received HES within the

recommended specifications, renal function, and survi-

val was at least as good as that in the Ringer’s lactate

group [34].

There is a large body of literature demonstrating an

absence of adverse renal effects with a variety of HES

products, but particularly related to the tetrastarches. An

early review by Boldt and Priebe [35] described nine

studies with a variety of HES products, none of which

demonstrated adverse renal effects in perioperative

patients. A study using high-dose HES for neurosurgical

patients failed to demonstrate any deterioration in renal

function despite doses of up to 70 ml/kg per day being

administered in some patients [36]. Studies in high-risk

surgical patients including those undergoing aortic aneur-

ysm repair and cardiopulmonary bypass demonstrated

that HES was at least as good at preserving renal function

as albumin and possibly superior to gelatin [37,38]. In a

multicenter observational study involving over 3000

patients, the use of HES was not shown to be associated

with a decrease in renal function or an increase in the

need for renal replacement therapy in intensive care

patients [39].

A recent observational study by Schortgen et al. [40�]

involving over 1000 patients examined the influence of

different types of crystalloids and colloids solutions on

the incidence of renal events. In this study, the use of

artificial hyperoncotic colloids [OR 2.48 (1.24–4.97)] and

hyperoncotic albumin [OR 5.99 (2.75–13.08)] was sig-

nificantly associated with the occurrence of a renal event.

Overall intensive care mortality was significantly

increased with hyperoncotic albumin. This is a study

of significant interest.
rized reproduction of this article is prohibited.
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The conclusion from the currently available literature

appears to be that no specific colloid solution is, of itself,

directly nephrotoxic. Careful use of appropriate doses of

all colloids solutions may offer some renal protection

through optimal circulating volume expansion, and there

is some evidence that HES solutions may protect renal

endothelium to a greater extent than other colloids.

There seems to be very little, if any, place for the use

of hyperoncotic colloids for volume replacement. Wher-

ever colloids are used for volume resuscitation, it is

essential that adequate volumes of crystalloid are pro-

vided with a minimum of the daily water requirement

being given as crystalloid solutions. Given the fact that all

of the studies that have suggested possibility of an

adverse renal effect of HES solutions have been in renal

transplantation or in septic patients, there is some basis

for suggesting that HES may be best avoided in these

patient subgroups.
Conclusion
Many developments have occurred in fluid management

in the last few years. Greater understanding of the harm

of fluid overload is now appreciated, both in the surgical

and critical care patient, and especially in those with

oliguric AKI. It is now better understood that the risk of

abdominal compartment syndrome and generalized

edema are greater than was previously realized.

Elevation of abdominal pressures clearly can lead to a

reduction in perfusion gradients of the gut and the

kidney, further compounding previous injury. Paradigm

shifts in fluid management with regards to saline-based

volume therapy and HCMA are now occurring, especi-

ally when considering the type of fluid in renal trans-

plantation, for example. In this setting, centers are

switching from saline-based volume therapy to balanced

electrolyte formulations, even if they contain potassium.

The risk of HCMA is no longer being considered innoc-

uous; however, actual adverse patient outcome has not

been proven as yet. Developments are being made in the

prevention and management of contrast-induced

nephropathy, from lower viscosity isotonic contrast prep-

arations to the use of bicarbonate solutions as volume

therapy. The role of oncotic load is once again being

raised in patients at high risk for AKI, such as sepsis. The

HES preparations were thought to have been implicated

in AKI in these patients, but now it appears that the

oncotic load of any colloid (including albumin) has a

significant impact. Data are still lacking whether the

newer generation HES products are any different in

causing AKI in the high-risk patient with sepsis. Finally,

it is most important to consider basic understanding of

physiology, pathophysiology, and pharmacology when

using fluids in the critically ill patient – where data are

lacking, the clinician still should possess a healthy dose

of common sense.
opyright © Lippincott Williams & Wilkins. Unauth
References and recommended reading
Papers of particular interest, published within the annual period of review, have
been highlighted as:
� of special interest
�� of outstanding interest

Additional references related to this topic can also be found in the Current
World Literature section in this issue (p. 600).

1

�
Kellum JA, Cerda J, Kaplan LJ, et al. Fluids for prevention and management of
acute kidney injury. Int J Artif Organs 2008; 31:96–110.

Good review of the evidence supporting fluids in AKI.

2

�
Townsend DR, Bagshaw SM. New insights on intravenous fluids, diuretics
and acute kidney injury. Nephron Clin Pract 2008; 109:c206–c216.

Review of the evidence on fluid and diuretic usage in AKI.

3 Venkataraman R, Kellum JA. Prevention of acute renal failure. Chest 2007;
131:300–308.

4 Rivers E, Nguyen B, Havstad S, et al. Early goal-directed therapy in the
treatment of severe sepsis and septic shock. N Engl J Med 2001; 345:1368–
1377.

5 Wiedemann HP, Wheeler AP, Bernard GR, et al. Comparison of two fluid-
management strategies in acute lung injury. N Engl J Med 2006; 354:2564–
2575.

6 Sakr Y, Vincent JL, Reinhart K, et al. High tidal volume and positive fluid
balance are associated with worse outcome in acute lung injury. Chest 2005;
128:3098–3108.

7 Van Biesen W, Yegenaga I, Vanholder R, et al. Relationship between fluid
status and its management on acute renal failure (ARF) in intensive care unit
(ICU) patients with sepsis: a prospective analysis. J Nephrol 2005; 18:54–
60.

8 Foland JA, Fortenberry JD, Warshaw BL, et al. Fluid overload before con-
tinuous hemofiltration and survival in critically ill children: a retrospective
analysis. Crit Care Med 2004; 32:1771–1776.

9 Fencl V, Leith DE. Stewart’s quantitative acid–base chemistry: applications in
biology and medicine. Respir Physiol 1993; 91:1–16.

10 Stewart PA. How to understand acid–base. New York: Elsevier; 1981.

11 Stewart PA. Modern quantitative acid–base chemistry. Can J Physiol Phar-
macol 1983; 61:1444–1461.

12 Wilcox CS. Regulation of renal blood flow by plasma chloride. J Clin Invest
1983; 71:726–735.

13 Scheingraber S, Rehm M, Sehmisch C, Finsterer U. Rapid saline infusion
produces hyperchloremic acidosis in patients undergoing gynecologic sur-
gery. Anesthesiology 1999; 90:1265–1270.

14 Waters JH, Gottlieb A, Schoenwald P, et al. Normal saline versus lactated
Ringer’s solution for intraoperative fluid management in patients undergoing
abdominal aortic aneurysm repair: an outcome study. Anesth Analg 2001;
93:817–822.

15 Wilkes NJ, Woolf R, Mutch M, et al. The effects of balanced versus saline-
based hetastarch and crystalloid solutions on acid–base and electrolyte
status and gastric mucosal perfusion in elderly surgical patients. Anesth
Analg 2001; 93:811–816.

16 Williams EL, Hildebrand KL, McCormick SA, Bedel MJ. The effect of intra-
venous lactated Ringer’s solution versus 0.9% sodium chloride solution on
serum osmolality in human volunteers. Anesth Analg 1999; 88:999–
1003.

17 Gan TJ, Bennett-Guerrero E, Phillips-Bute B, et al. Hextend, a physiologically
balanced plasma expander for large volume use in major surgery: a rando-
mized phase III clinical trial. Hextend Study Group. Anesth Analg 1999;
88:992–998.

18 O’Malley CM, Frumento RJ, Hardy MA, et al. A randomized, double-blind
comparison of lactated Ringer’s solution and 0.9% NaCl during renal trans-
plantation. Anesth Analg 2005; 100:1518–1524.

19 Khajavi MR, Etezadi F, Moharari RS, et al. Effects of normal saline vs. lactated
ringer’s during renal transplantation. Ren Fail 2008; 30:535–539.

20 Goldenberg I, Matetzky S. Nephropathy induced by contrast media: patho-
genesis, risk factors and preventive strategies. CMAJ 2005; 172:1461–
1471.

21 Aspelin P, Aubry P, Fransson SG, et al. Nephrotoxic effects in high-
risk patients undergoing angiography. N Engl J Med 2003; 348:491–
499.

22 Solomon R. The role of osmolality in the incidence of contrast-induced
nephropathy: a systematic review of angiographic contrast media in high risk
patients. Kidney Int 2005; 68:2256–2263.
orized reproduction of this article is prohibited.



C

524 Renal system
23 Merten GJ, Burgess WP, Gray LV, et al. Prevention of contrast-induced
nephropathy with sodium bicarbonate: a randomized controlled trial. JAMA
2004; 291:2328–2334.

24 Navaneethan SD, Singh S, Appasamy S, et al. Sodium bicarbonate therapy for
prevention of contrast-induced nephropathy: a systematic review and meta-
analysis. Am J Kidney Dis 2009; 53:617–627.

25

�
Meier P, Ko DT, Tamura A, et al. Sodium bicarbonate-based hydration
prevents contrast-induced nephropathy: a meta-analysis. BMC Med 2009;
7:23.

This meta-analysis, and the preceding one [24], reviews the literature regarding
hydration/sodium bicarbonate therapy in the prevention of CIN.

26 Haase M, Haase-Fielitz A, Bellomo R, et al. Sodium bicarbonate to prevent
increases in serum creatinine after cardiac surgery: a pilot double-blind,
randomized controlled trial. Crit Care Med 2009; 37:39–47.

27 Biesenbach G, Kaiser W, Zazgornik J. Incidence of acute oligoanuric renal
failure in dextran 40 treated patients with acute ischemic stroke stage III or IV.
Ren Fail 1997; 19:69–75.

28 Matheson NA, Diomi P. Renal failure after the administration of dextran 40.
Surg Gynecol Obstet 1970; 131:661–668.

29 Diomi P, Ericsson JL, Matheson NA, Shearer JR. Studies on renal tubular
morphology and toxicity after large doses of dextran 40 in the rabbit.
Lab Invest 1970; 22:355–360.

30 Mailloux L, Swartz CD, Capizzi R, et al. Acute renal failure after adminis-
tration of low-molecular weight dextran. N Engl J Med 1967; 277:1113–
1118.

31 Moran M, Kapsner C. Acute renal failure associated with elevated plasma
oncotic pressure. N Engl J Med 1987; 317:150–153.
opyright © Lippincott Williams & Wilkins. Unautho
32 Legendre C, Thervet E, Page B, et al. Hydroxyethyl starch and osmotic-
nephrosis-like lesions in kidney transplantation. Lancet 1993; 342:248–249.

33 Schortgen F, Lacherade JC, Bruneel F, et al. Effects of hydroxyethyl starch
and gelatin on renal function in severe sepsis: a multicentre randomised study.
Lancet 2001; 357:911–916.

34 Brunkhorst FM, Engel C, Bloos F, et al. Intensive insulin therapy and pentas-
tarch resuscitation in severe sepsis. N Engl J Med 2008; 358:125–139.

35 Boldt J, Priebe HJ. Intravascular volume replacement therapy with synthetic
colloids: is there an influence on renal function? Anesth Analg 2003;
96:376–382.

36 Neff TA, Doelberg M, Jungheinrich C, et al. Repetitive large-dose infusion of
the novel hydroxyethyl starch 130/0.4 in patients with severe head injury.
Anesth Analg 2003; 96:1453–1459.

37 Boldt J, Brosch C, Ducke M, et al. Influence of volume therapy with a modern
hydroxyethyl starch preparation on kidney function in cardiac surgery patients
with compromised renal function: a comparison with human albumin. Crit
Care Med 2007; 35:2740–2746.

38 Mahmood A, Gosling P, Vohra RK. Randomized clinical trial comparing the
effects on renal function of hydroxyethyl starch or gelatine during aortic
aneurysm surgery. Br J Surg 2007; 94:427–433.

39 Sakr Y, Payen D, Reinhart K, et al. Effects of hydroxyethyl starch administration
on renal function in critically ill patients. Br J Anaesth 2007; 98:216–224.

40

�
Schortgen F, Girou E, Deye N, Brochard L. The risk associated with hyper-
oncotic colloids in patients with shock. Intensive Care Med 2008; 34:2157–
2168.

Interesting study raising the awareness of hyperoncocity being an important
consideration in colloid-induced AKI.
rized reproduction of this article is prohibited.


	Colloids and crystalloids: does it matter to the™kidney?
	Introduction
	Hydration
	Balanced electrolyte vs. saline-based fluids
	Alkalinization of fluids in contrast-induced nephropathy
	Colloids and renal function
	Conclusion
	References and recommended reading


