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Does fluid management affect the occurrence of
acute kidney injury?
Johan Mårtensson a,b,c and Rinaldo Bellomo a,d

Purpose of review
To describe the potential impact of different fluid management strategies on renal outcomes in critically ill
and postoperative patients.
Recent findings
Uncritical fluid administration may induce renal compartment syndrome and renal venous congestion,
which contribute to kidney dysfunction. In more than 5000 randomized surgical or septic patients, goaldirected therapy did not reduce fluid accumulation, acute kidney injury (AKI) development or need for renal
replacement therapy. In contrast to synthetic colloids, which increase the risk of AKI, albumin solutions and
balanced crystalloids appear well tolerated from a renal standpoint in medical and surgical patients
requiring intensive care. However, any clinical benefits compared with 0.9% sodium chloride have not yet
been demonstrated.
Summary
Although synthetic colloids should be avoided in patients with or at risk of AKI, the renal efficacy of using
albumin solutions and/or balanced crystalloids as alternatives to 0.9% sodium chloride in high-risk patients
is yet to be confirmed or refuted. Improved goal-directed protocols, which minimize unnecessary fluid
administration and reduce potentially harmful effects of fluid overload, need to be developed and tested.
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INTRODUCTION
Acute kidney injury (AKI) is a major complication
following trauma [1], major surgery [2,3], and sepsis
[4] and is associated with a marked increase in
mortality and with progression to chronic kidney
disease [5,6].
As no specific AKI-treatment exists, hemodynamic support remains the cornerstone of the management of patients with or at risk of AKI. Such
hemodynamic support typically includes the
administration of intravenous fluids aiming to
maintain or improve renal blood flow (RBF), renal
tissue oxygenation and glomerular filtration rate
(GFR). On the contrary, these indices cannot be
reliably measured, and clinicians are forced to rely
on imperfect surrogate markers such as systemic
blood pressure (BP), lactate blood levels, central or
mixed venous saturation, urine output and changes
in serum creatinine.
Fluid management in critically ill and postoperative patients varies substantially within and
between countries. A recent point-prevalence study,
the Fluid Challenges in Intensive Care study [7 ]
&&

including 2213 patients from 46 countries, reported
large variability in type, volume and rate of fluid
administration between centers. In addition, indications for fluid therapy and the assessment of
the response to fluid administration were highly
inconsistent.
Furthermore, in a survey of more than 3000
intensivists from 30 countries, the Global Observational Evaluations in the ICU investigators
a
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Cardiovascular anesthesia

KEY POINTS
 Fluid volume overload may contribute to acute kidney
injury development by inducing renal compartment
syndrome, renal venous congestion and impaired renal
tissue oxygenation.
 According to recent high-level evidence, the use of
goal-directed fluid therapy does not attenuate the risk of
acute kidney injury.
 Fluid resuscitation with albumin solutions is well
tolerated in patients at risk of acute kidney injury due to
sepsis or after major surgery.
 Among crystalloids, balanced solutions do not improve
renal outcomes in low-to-intermediate risk patients
compared with 0.9% sodium chloride.
 The effect of balanced crystalloids vs. 0.9% sodium
chloride on renal outcomes in high-risk patients is
currently under investigation.

identified major variations in the self-reported fluid
bolus therapy practice, both within and between
countries [8 ].
During the last decade, different aspects of fluid
management and its impact on outcomes have been
explored in several large randomized controlled
trials (RCTs). In this review, we summarize such
evidence with special focus on renal outcomes. In
addition, we discuss potential pathophysiological
links between fluid therapy and renal injuries.
&&

DOES FLUID VOLUME OVERLOADAFFECT
THE OCCURRENCE OF ACUTE KIDNEY
INJURY?
Excessive fluid administration causing fluid overload has been associated with AKI development in
large observational studies [9,10 ]. We suggest three
potential mechanisms by which excess fluid may
lead to renal injury and dysfunction: renal compartment syndrome (RCS), renal venous congestion,
and a negative impact on renal oxygenation.
&

Renal compartment syndrome
Major surgery, trauma and sepsis are associated with
endothelial dysfunction, glycocalyx breakdown and
leakage of plasma water into interstitial compartments causing tissue edema [11]. As the kidneys are
enclosed in a semi-rigid fascia (Gerota’s fascia) with
minimal ability to accommodate volume changes,
intrarenal volume expansion will ultimately lead
to raised interstitial tissue pressure and, in severe
cases, RCS.
2
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Experimental studies have demonstrated that a
sudden increase in intrarenal volume results in an
exponential increase in intrarenal pressure and,
consequently, impair both renal perfusion pressure
and venous return. The additional finding that
decapsulated kidneys demonstrate a linear pressure–volume relationship confirms the key role of
the renal capsule in the RCS [12].
Intrarenal volume changes can be induced both
by inflammatory edema and by fluid administration. For example, interstitial kidney edema
and an almost eight-fold increase in subcapsular
pressure was observed following 45 min of warm
ischemia in a murine model [13]. Such changes were
associated with impaired kidney perfusion, reduced
GFR, loss of tubular excretory function and histological evidence of tissue damage. Significantly,
early capsulotomy attenuated both functional and
structural injuries.
Even in healthy volunteers expected to have an
intact endothelial barrier, a significant increase in
renal volume was observed after a 2-l crystalloid
infusion over 1 h [14]. However, in clinical reality,
intravenous fluids are typically administered during
states of endothelial ‘leakiness’ in patients at
particular risk of developing AKI. Hence, in such
patients, uncritical fluid administration may counteract its purpose to improve renal hemodynamics
and may instead worsen renal perfusion and
excretory function.

Renal venous congestion
Reduced forward flow (cardiac output, CO) leading
to decreased RBF and GFR was previously regarded a
key mechanism behind AKI. However, the role of
central and renal venous pressures in renal physiology and pathophysiology has been increasingly
appreciated.
RBF is dictated by the transrenal pressure difference, that is, the difference between renal arterial
pressure and renal venous pressure [15 ]. Hence,
systemic hypotension and impaired CO typically
reduce RBF and the hydraulic driving pressure in
the glomerular capillaries required to maintain GFR.
Yet, AKI is commonly seen despite prompt restoration
of CO and mean arterial pressure (MAP) with inotropes, intravenous fluids and vasopressors. Under
such circumstances, the effect of central venous pressure, which translates into renal venous pressure, on
glomerular hemodynamics requires attention.
Increased central venous pressure (CVP) is
associated with AKI progression in different subgroups of patients. In 137 septic patients, CVP but
not CO or MAP was independently associated with
new or persistent AKI [16]. Importantly, a linear
&
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relationship between CVP greater than 12 mmHg
and the probability of new or persistent AKI was
observed. Similarly, in 107 patients with septic
shock and a low prevalence of chronic cardiac diseases (<10%), greater mean CVP during the initial
24 h in ICU was associated with worsening AKI
independent of MAP, vasopressor dose and illness
severity [17 ]. Moreover, in patients with chronic
cardiac disease undergoing right heart catheterization, CVP greater than 12 mmHg was associated
with progressively lower estimated GFR independent of cardiac index (CI) [18]. Finally, CVP rather
than systemic BP or CI was associated with worsening renal function in patients with acute decompensated heart failure [19].
In their aggregate, these studies suggest that
venous congestion is a major risk factor for AKI
across a wide spectrum of diseases and CO states.
Hence, the transrenal pressure difference should be
considered when assessing patients with or at risk of
AKI. Accordingly, we suggest that fluid removal
rather than continuing fluid resuscitation should
be considered when CVP exceeds 12 mmHg in
patients with worsening kidney function.
&

Fluid administration and renal oxygenation
Renal tissue oxygenation depends on the relationship between oxygen delivery (RBF) and oxygen consumption. Most oxygen is consumed during active
tubular reabsorption of filtered sodium via Na/K
ATPase. Hence, if RBF and GFR increase so will
sodium filtration and, to a similar extent, oxygen
consumption. Consequently, oxygen extraction will
be kept constant over a wide range of RBF and GFR.
Although fluid therapy may enhance RBF and
GFR, its effect on renal oxygen delivery, consumption
and tissue oxygenation are difficult to predict for
several reasons. First, fluid administration may
attenuate or even decrease oxygen delivery due to
hemodilution. Second, with increased sodium filtration, reabsorptive work and oxygen consumption will
increase. Finally, stressed tubular cells consume more
than twice the amount of oxygen than the healthy
kidney to reabsorb the same amount of sodium [20].
The idea that fluid administration compromises
renal tissue oxygenation is supported by animal data
showing impaired tissue oxygenation following
hemorrhagic shock despite restoration of CO, RBF
and hematocrit using fluid administration and red
blood cell transfusion [21–23]. In keeping with
such experimental data, plasma volume expansion
with crystalloids or colloids failed to improve
renal oxygenation following uncomplicated cardiac
surgery. In fact, hemodilution in the setting
of increased GFR and sodium reabsorption

significantly increased oxygen extraction after crystalloid therapy suggesting oxygen supply–demand
mismatch [24 ].
&&

Fluid overload and renal outcomes
Progressive fluid accumulation is frequently
observed in critically ill and postoperative patients
during the first days of intensive care management.
In such patients, greater fluid accumulation is
associated with higher AKI prevalence [9,10 ]. However, sicker patients receive more fluids and are also
more likely to develop AKI from the underlying
acute illness. Hence, a causal relationship between
fluid accumulation and AKI cannot be established
from such observational data. On the contrary, the
impact of restrictive vs. liberal fluid management on
AKI development has not been systematically
explored in an RCT.
The best available evidence comes from the
Fluid and Catheter Treatment Trial (FACTT) comparing two different fluid management strategies in
1000 patients with acute lung injury [25]. A marked
difference in mean cumulative fluid balance was
achieved after 1 week in that study: 136 ml in the
conservative-strategy group and 6992 ml in the liberal-strategy group (Fig. 1). However, despite significant fluid accumulation in the liberal group
patients, their mortality (primary outcome) and
the number of renal failure-free days or need for
renal replacement therapy (RRT) were not significantly different from the conservative group
patients. On the contrary, serum creatinine normalized more rapidly in the liberal group and, consequently, more liberal group patients developed
AKI defined as an absolute rise in creatinine of more
than 0.3 mg/dl or a relative change of more than
50% over 48 h [26] (Fig. 1).
However, as serum creatinine is distributed
throughout the total body water (TBW), its performance as a marker of AKI is limited during progressive
fluid balance changes. For example, creatinine will be
diluted when TBW expands during fluid accumulation. Consequently, unless the serum creatinine
level is adjusted for changes in TBW, AKI will be
misdiagnosed. In fact, in a secondary analysis of the
FACTT trial, the fluid balance-adjusted AKI prevalence
was higher in the liberal group (Fig. 1). Significantly,
such adjusted AKI was more strongly associated with
RRT and mortality than unadjusted AKI [26].
&

DOES GOAL-DIRECTED FLUID
RESUSCITATION AFFECT THE
OCCURRENCE OF ACUTE KIDNEY INJURY?
The rationale for goal-directed hemodynamic
therapy is to achieve optimal organ perfusion and

0952-7907 Copyright ß 2016 Wolters Kluwer Health, Inc. All rights reserved.

www.co-anesthesiology.com

3

Copyright © 2016 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

CE: Alpana; ACO/300108; Total nos of Pages: 8;

ACO 300108

8000

1.45

Serum creatinine (mg/dl)

Mean cumulative fluid balance (ml)

Cardiovascular anesthesia

Liberal

6000

4000

2000

Conservative
0

Conservative

1.4
1.35
1.3

Liberal

1.25
1.2

Baseline 1

2

3

4

5

6

7

Baseline 1

2

Study day

4

5

6

7

100

Adjusted AKI prevalence (%)

Unadjusted AKI prevalence (%)

100

P = 0.04
80

60

40

20

0

3

Study day

Conservative

Liberal

P = 0.007
80

60

40

20

0

Conservative

Liberal

FIGURE 1. Mean cumulative fluid balance (top left), serum creatinine (top right), unadjusted AKI prevalence (bottom left) and
AKI prevalence adjusted for fluid balance (bottom right) in the FACTT trial. Adapted with permission from [25].

oxygen delivery as soon as possible using the best
combination of vasopressors, inotropes and fluids.
When effective, such therapy should reduce
unnecessary fluid administration both in the short
and in the longer term.
Since the publication of Rivers’ landmark article
in 2001 [27], three large multicenter randomized
controlled trials have assessed the utility of early
goal-directed therapy (GDT) in patients with septic
shock admitted to emergency departments (EDs) in
Australasia [the Australasian Resuscitation in Sepsis
Evaluation (ARISE) trial [28 ]], USA [the Protocolized Care for Early Septic Shock (ProCESS) trial
[29 ]] and the UK [the Protocolised Management
in Sepsis (ProMISe) trial [30 ]].
The ARISE, ProCESS and ProMISe trials all failed
to demonstrate that early GDT improves survival
compared with nonprotocolized standard resuscitation. Furthermore, early GDT did not affect the need
for RRT in any of the trials. The lack of effect of fluid
resuscitation in sepsis is further supported by recent
studies that highlight the lack of a sustained independent hemodynamic effect [31,32].
Two recent RCTs assessed the impact of GDT on
renal outcomes following major noncardiac surgery.
&&

&&

&&
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The largest study, the Optimisation of Cardiovascular Management to Improve Surgical Outcome trial,
randomized 734 patients undergoing major gastrointestinal surgery to a CO-guided algorithm (GDT
group) during and 6 h following surgery or to usual
care [33]. During the intervention period, the
administered volumes of intravenous fluids were
similar in the two groups (median 4190 ml in the
GDT group vs. 4024 ml in the usual care group). AKI,
which was defined as a doubling of serum creatinine
or sustained oliguria less than 0.5 ml/kg/h for 12 h,
occurred in 17 (approximately 5%) patients in each
group.
In the more recent single-center Goal Directed
Hemodynamic Management and Renal Outcome
After Major Noncardiac Surgery (IROM) trial [34 ],
changes in creatinine after major abdominal surgery
were assessed in 180 patients randomized to PICCOguided GDT or usual care. Since PICCO measurements were done in the usual care group (but results
blinded to the treating doctor), it was possible to
compare the hemodynamic effects of the GDTalgorithm vs. usual care. Significantly, the time in
hemodynamic target range (global end-diastolic
index >640 ml/m2, mean arterial pressure >70 mmHg,
&
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847  1045e
801  1080e

ARISE, Australasian Resuscitation in Sepsis Evaluation; GDT, goal-directed therapy; GI, gastrointestinal; IROM, Goal Directed Hemodynamic Management and Renal Outcome After Major Noncardiac Surgery; NR, not
reported; OPTIMISE, Optimisation of Cardiovascular Management to Improve Surgical Outcome; ProCESS, Protocolized Care for Early Septic Shock; ProMISe, Protocolised Management in Sepsis.
a
Sequential organ failure assessment renal dysfunction at 48–72 h.
b
Presence of oliguria <500 ml/24 h; increased serum creatinine (>30% from preoperative level).
c
Kidney disease: Improving Global Outcomes-acute kidney injury.
d
Volume of Ringer’s acetate administered during surgery.
e
Volume of hydroxyethyl starch 130/0.4 administered during surgery.

0.78
NR

NR

4/88 (5)
53/92 (58)
2529  2169
&

IROM [34 ]

GI surgery

2316  1800

17/364 (4.7)b
17/366 (4.6)b

c
d

4024
4190

ProMISe
&&
[30 ]

OPTIMISE [33]

GI surgery

d

196/529 (37.1)a
199/541 (36.8)a
2226  1443
Septic shock

2022  1271

NR

NR

NR

NR
2805  1957

1713  1401
1964  1415

Septic shock
&&

ProCESS [29 ]

&&

ARISE [28 ]

Septic shock

2279  1881

46/88 (52)c

0.47

5/92 (5)

0.62
81/614 (13.2)
88/620 (14.2)

0.94
11/397 (2.8)

108/798 (13.5)
106/793 (13.4)

12/382 (3.1)

Usual care
GDT
P
Usual care
GDT
Usual care
GDT
Patients
Study

Patients developing acute
kidney injury, n (%)
Total IV fluid volume during
initial 6 h (ml)

Table 1. Renal outcomes in five contemporary randomized controlled trials of goal-directed hemodynamic management vs. usual care

Patients requiring renal
replacement therapy, n (%)

P
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CI > 2.5 l/min/m2, and extravascular lung water index
10 ml/kg) showed minimal differences between the
two groups. Furthermore, the total amount of perioperative fluid [Ringer’s acetate and/or hydroxyethyl
starch (HES)] administered did not differ significantly
(Table 1). Therefore, as could be expected, the IROM
trial failed to demonstrate a difference in AKI prevalence between the two groups. Such findings also
call into question the value or meaning of so-called
maintenance fluid therapy in patients who have no
evidence of or trigger for volume depletion [35 ].
&

DOES THE CHOICE OF RESUSCITATION
FLUID AFFECT THE OCCURRENCE OF
ACUTE KIDNEY INJURY?
In addition to the timing and volume of fluid resuscitation, the choice of resuscitation fluid may have
important consequences for renal outcomes.

Synthetic colloids and acute kidney injury
All synthetic colloids can potentially cause nephrotoxic injuries. Although the mechanism is not
fully understood, tubular uptake of colloid particles
causing vacuolization, swelling of the cytoplasm
(so-called osmotic nephrosis) and tubular dysfunction have been associated with the administration of
synthetic colloids [36].
The use of HES has decreased dramatically
[7 ,8 ] since the publication of two large RCTs,
the Crystalloid vs. Hydroxyethyl Starch Trial and
the Scandinavian Starch for Severe Sepsis/Septic
Shock trial, showing higher need for RRT with
HES than with crystalloid solutions (Table 2)
[37,38].
Furthermore, observational data suggest that
administration of gelatin and dextran solutions
contributes to osmotic nephrosis-induced AKI in
critically ill patients and following major surgery
[39,40].
Given their established side-effect profile
including renal injuries, their lack of clinically
relevant advantages, the absence of patient-centered benefits and their greater cost, we suggest that
fluid resuscitation with artificial colloids should be
avoided in patients with AKI or risk thereof.
&&

&&

Chloride-rich solutions and acute kidney injury
‘Normal’ 0.9% sodium chloride used to be the dominant resuscitation fluid worldwide. However, due to
emerging evidence suggesting that chloride-rich
solutions may cause harm, the use of ‘balanced’ salt
solutions has increased over the last few years
[41 ,42 ].
&
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6

0.71

6S, Scandinavian Starch for Severe Sepsis/Septic Shock; ALBIOS, Albumin Italian Outcome Sepsis; CABG, coronary artery bypass graft; CHEST, Crystalloid vs. Hydroxyethyl Starch Trial; HES, hydroxyethyl starch; NR,
not reported; PL-148, PlasmaLyte-148; SAFE, Saline vs. Albumin Fluid Evaluation; SPLIT, saline vs. Plasma-Lyte 148 for intensive care unit fluid therapy.
a
Duration of renal replacement therapy in days.

0.91
38/1110 (3.4)
38/1152 (3.3)
0.19
NR
&&

SPLIT [46 ]

Buffered crystalloids

Mixed ICU
PL-148 vs. 0.9% sodium chloride

57/1025 (5.6)
46/1067 (4.3)
NR

0.48
NR

Severe sepsis 1507
20% Albumin vs. Crystalloid

&

ALBIOS [53 ]
&&
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Lee et al. [54 ] 20% Albumin vs. 0.9% sodium chloride CABG

Mixed ICU
4% Albumin vs. 0.9% sodium chloride
SAFE [50]

Albumin solutions

2981

Severe sepsis 5009
6S [38]

3050
Mixed ICU
HES vs. 0.9% sodium chloride

HES vs. Ringer’s acetate

CHEST [37]

Hydroxyethyl starches

0/101 (0%)
2/102 (1.96%)
18/102 (17.6%) 32/101 (31.7%) 0.03
NR

222/903 (24.6) 194/907 (21.4) 0.11
190/837 (22.7)
183/834 (21.9)
2224

0.39  2.0a
NR
NR
4049

0.48  2.28a

0.41

0.04
65/400 (16)
87/398 (22)
127/400 (35)
148/398 (41)
4621

0.08

191/3171 (6.0)
245/3149 (7.8)
3300

Control
Study fluid
Control
Study fluid Control Study fluid
Patients
Study

Study fluid vs. control fluid

Patients developing acute
kidney injury, n (%)
Mean or median
cumulative fluid
balance on day
(3 ml)

Table 2. Renal outcomes in six randomized controlled trials comparing different resuscitation fluids

P

Patients requiring renal
replacement therapy, n (%)

P

0.006 235/3352 (7.0) 196/3375 (5.8) 0.04

Cardiovascular anesthesia

In some recent observational studies, infusion of
chloride rich-solutions was associated with a higher
occurrence rate of AKI and need for RRT than infusion of balanced solutions [43 ,44]. Additional
experimental studies suggest that chloride-rich
solutions decrease RBF and GFR via tubule-glomerular feedback-activation [14]. Yet, the evidence is
not consistent, and other observational studies have
failed to confirm such associations [45].
Faced with such uncertainty, the Saline vs.
Plasma-Lyte 148 for ICU Fluid Therapy (SPLIT)
investigators allocated 2278 ICU patients requiring
crystalloid fluid therapy to a buffered crystalloid
(Plasma-Lyte-148) or 0.9% sodium chloride in a
randomized-crossover trial [46 ,47]. In that trial,
a similar proportion of patients in the two groups
developed moderate-to-severe AKI (approximately
9%), and only about 3% in each group required RRT.
It should, however, be noted that the average
ICU length of stay in SPLIT was less than two days.
In addition, illness severity was relatively low (mean
APACHE II score 14). Finally, only a median of
2 litres of study fluid was administered during the
intervention period. Therefore, the question
whether 0.9% sodium chloride or balanced crystalloid should be preferred in sicker patients being
exposed to greater fluid volumes during an extended
period of time in ICU remains unanswered.
A sequel to SPLIT and following a pilot preparation program [48 ], The Plasma-Lyte-148 vs.
Saline (PLUS) trial, will hopefully provide a definite
answer to the question. The PLUS trial is a prospective, multicenter, parallel group, blinded, RCT aiming to enroll 8800 critically ill patients requiring
fluid resuscitation. In addition to investigate
whether
Plasma-Lyte-148
decreases
90-day
mortality (primary outcome) compared with 0.9%
sodium chloride, the effect on kidney function and
RRT requirement will be assessed (ClinicalTrials.gov
identifier: NCT02721654). Until the results of the
PLUS trial have been published, we suggest that
chloride-rich solutions should be used with caution
in patients with a reduced renal reserve.
&

&&

&

Albumin solutions and acute kidney injury
Hypoalbuminemia (here defined as a serum albumin concentration below 30 g/l) has been associated
with AKI in various patient populations [49]. This
is unsurprising given that hypoalbuminemia is
marker of illness severity and that albumin has
anti-inflammatory properties, anticoagulant effects,
scavenge reactive oxygen species and contributes to
the integrity of the endothelial surface layer.
Albumin is also responsible for maintaining
the plasma colloid osmotic pressure. Therefore,
Volume 29  Number 00  Month 2016
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administration of albumin solutions to maintain
normal or near normal serum albumin levels in
critically ill and surgical patients appears to be a
logical therapeutic approach.
Yet the clinical benefits of resuscitation with
albumin solutions have not been confirmed. For
example, in the Saline vs. Albumin Fluid Evaluation
study, resuscitation with 4% albumin did not reduce
mortality or duration of RRT compared with 0.9%
sodium chloride despite lower cumulative fluid balance in the albumin group (Table 2) [50].
Small-volume resuscitation with concentrated
(20–25%) albumin solutions may provide benefits.
A theoretical advantage includes a greater volumeexpanding effect per volume infused due to restoration of the plasma colloid oncotic pressure and
recruitment of interstitial fluid back into the circulation [51]. However, although this approach could
potentially reduce organ edema and appears well
tolerated [52 ], the effect-duration is unknown. In
septic patients, daily administration of 20% albumin to maintain serum albumin at least 30 g/l
reduced cumulative fluid balance compared with
the use of crystalloids. However, such albumin
replacement did not reduce mortality, AKI or the
need for RRT [53 ].
In contrast, in patients with a serum albumin
level less than 40 g/l before undergoing off-pump
coronary artery bypass surgery, preoperative administration of 20% albumin markedly reduced postoperative AKI (17.6 vs. 31.7% in patients not
receiving albumin) [54 ].
&

&&

&

CONCLUSION
To date, several large RCTs have assessed the impact
of different fluid management strategies on patientcentered outcomes including the development of
AKI. In response to high-level evidence demonstrating nephrotoxic effects of artificial colloids, the
consumption of such fluids has declined in recent
years. The optimal fluid choice for resuscitation of
patients at risk of AKI remains, however, uncertain.
Balanced solutions are not superior to 0.9% sodium
chloride in patients at low-to-moderate risk. In contrast, 20% albumin may attenuate cardiac surgeryassociated AKI if administered preoperatively in
patients with an albumin concentration below
40 g/l. This utility of small-volume resuscitation
with concentrated albumin needs, however, to be
confirmed in RCTs.
Acknowledgements
None.

Financial support and sponsorship
None.
Conflicts of interest
There are no conflicts of interest.

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
1. Eriksson M, Brattstrom O, Martensson J, et al. Acute kidney injury following
severe trauma: risk factors and long-term outcome. J Trauma Acute Care Surg
2015; 79:407–412.
2. Chao CT, Lin YF, Tsai HB, et al. Acute kidney injury network staging in
geriatric postoperative acute kidney injury patients: shortcomings and improvements. J Am Coll Surg 2013; 217:240–250.
3. Mao H, Katz N, Ariyanon W, et al. Cardiac surgery-associated acute kidney
injury. Cardiorenal Med 2013; 3:178–199.
4. Uchino S, Kellum JA, Bellomo R, et al. Acute renal failure in critically ill patients:
a multinational, multicenter study. JAMA 2005; 294:813–818.
5. Rimes-Stigare C, Frumento P, Bottai M, et al. Evolution of chronic renal
impairment and long-term mortality after de novo acute kidney injury in the
critically ill; a Swedish multicentre cohort study. Crit Care 2015; 19:221.
6. Rimes-Stigare C, Frumento P, Bottai M, et al. Long-term mortality and risk
factors for development of end-stage renal disease in critically ill patients with
and without chronic kidney disease. Crit Care 2015; 19:383.
7. Cecconi M, Hofer C, Teboul JL, et al. Fluid challenges in intensive care: the
&&
FENICE study: a global inception cohort study. Intensive Care Med 2015;
41:1529–1537.
This study, including more than 2000 patients from 311 ICUs in 46 countries,
demonstrates major variability in the choice, volume and rate of fluid administration
as well as a highly inconsistent evaluation of the response to a fluid challenge
worldwide.
8. Glassford NJ, Martensson J, Eastwood GM, et al. Defining the characteristics
&&
and expectations of fluid bolus therapy: a worldwide perspective. J Crit Care
2016; 35:126–132.
This survey of more than 3000 intensivists from 30 countries identified a significant
variation in self-reported fluid bolus therapy practice within and between countries.
9. Payen D, de Pont AC, Sakr Y, et al. A positive fluid balance is associated with
a worse outcome in patients with acute renal failure. Crit Care 2008; 12:R74.
10. Garzotto F, Ostermann M, Martin-Langerwerf D, et al. The Dose Response
&
Multicentre Investigation on Fluid Assessment (DoReMIFA) in critically ill
patients. Crit Care 2016; 20:196.
This is a multicentre observational study demonstrating that acute kidney injury
(AKI) diagnosis was preceded by progressively increasing cumulative fluid balance.
11. Chelazzi C, Villa G, Mancinelli P, et al. Glycocalyx and sepsis-induced
alterations in vascular permeability. Crit Care 2015; 19:26.
12. Cruces P, Salas C, Lillo P, et al. The renal compartment: a hydraulic view.
Intensive Care Med Exp 2014; 2:26.
13. Herrler T, Tischer A, Meyer A, et al. The intrinsic renal compartment syndrome:
new perspectives in kidney transplantation. Transplantation 2010; 89:40–46.
14. Chowdhury AH, Cox EF, Francis ST, Lobo DN. A randomized, controlled,
double-blind crossover study on the effects of 2-L infusions of 0.9% saline
and plasma-lyte (R) 148 on renal blood flow velocity and renal cortical tissue
perfusion in healthy volunteers. Ann Surg 2012; 256:18–24.
15. Martensson J, Bellomo R. Are all fluids bad for the kidney? Curr Opin Crit Care
&
2015; 21:292–301.
Narrative review describing the pathophysiological mechanisms behind fluidinduced acute kidney injury.
16. Legrand M, Dupuis C, Simon C, et al. Association between systemic hemodynamics and septic acute kidney injury in critically ill patients: a retrospective
observational study. Crit Care 2013; 17:R278.
17. Wong BT, Chan MJ, Glassford NJ, et al. Mean arterial pressure and mean
&
perfusion pressure deficit in septic acute kidney injury. J Crit Care 2015;
30:975–981.
This observational study demonstrates an independent association between
greater central venous pressure and worsening acute kidney injury in patients
with septic shock.
18. Damman K, van Deursen VM, Navis G, et al. Increased central venous
pressure is associated with impaired renal function and mortality in a broad
spectrum of patients with cardiovascular disease. J Am Coll Cardiol 2009;
53:582–588.

0952-7907 Copyright ß 2016 Wolters Kluwer Health, Inc. All rights reserved.

www.co-anesthesiology.com

7

Copyright © 2016 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

CE: Alpana; ACO/300108; Total nos of Pages: 8;

ACO 300108

Cardiovascular anesthesia
19. Mullens W, Abrahams Z, Francis GS, et al. Importance of venous congestion
for worsening of renal function in advanced decompensated heart failure. J
Am Coll Cardiol 2009; 53:589–596.
20. Redfors B, Bragadottir G, Sellgren J, et al. Acute renal failure is NOT an ‘acute
renal success’ – a clinical study on the renal oxygen supply/demand relationship in acute kidney injury. Crit Care Med 2010; 38:1695–1701.
21. Wan L, Bellomo R, May CN. A comparison of 4% succinylated gelatin solution
versus normal saline in stable normovolaemic sheep: global haemodynamic,
regional blood flow and oxygen delivery effects. Anaesth Intensive Care 2007;
35:924–931.
22. Konrad FM, Mik EG, Bodmer SI, et al. Acute normovolemic hemodilution in the
pig is associated with renal tissue edema, impaired renal microvascular
oxygenation, and functional loss. Anesthesiology 2013; 119:256–269.
23. Legrand M, Mik EG, Balestra GM, et al. Fluid resuscitation does not improve
renal oxygenation during hemorrhagic shock in rats. Anesthesiology 2010;
112:119–127.
24. Skytte Larsson J, Bragadottir G, Krumbholz V, et al. Effects of acute plasma
&&
volume expansion on renal perfusion, filtration, and oxygenation after cardiac
surgery: a randomized study on crystalloid vs colloid. Br J Anaesth 2015;
115:736–742.
This randomized controlled trial assessed renal oxygenation indices following a
fluid bolus of Ringers-acetate or Venofundin after cardiac surgery in 30 patients.
Due to hemodilution, both fluids failed to improve renal oxygen delivery despite
increased renal blood flow. Increased glomerular filtration rate following Ringersacetate bolus was associated with impaired renal oxygenation.
25. Wiedemann HP, Wheeler AP, Bernard GR, et al. Comparison of two fluidmanagement strategies in acute lung injury. N Engl J Med 2006; 354:2564–
2575.
26. Liu KD, Thompson BT, Ancukiewicz M, et al. Acute kidney injury in patients
with acute lung injury: impact of fluid accumulation on classification of acute
kidney injury and associated outcomes. Crit Care Med 2011; 39:2665–
2671.
27. 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.
28. Peake SL, Delaney A, Bailey M, et al. Goal-directed resuscitation for patients
&&
with early septic shock. N Engl J Med 2014; 371:1496–1506.
Australasian trial comparing early goal-directed resuscitation vs. usual care in
1600 patients with septic shock admitted to the emergency department (ED). No
significant differences in mortality or duration of renal replacement therapy were
found.
29. Yealy DM, Kellum JA, Huang DT, et al. A randomized trial of protocol-based
&&
care for early septic shock. N Engl J Med 2014; 370:1683–1693.
This trial compared three resuscitation strategies in patients admitted to the ED in
the United States; protocol-based early goal-directed therapy, protocol-based
standard therapy and usual care. No significant differences in mortality or need for
organ support were found.
30. Mouncey PR, Osborn TM, Power GS, et al. Trial of early, goal-directed
&&
resuscitation for septic shock. N Engl J Med 2015; 372:1301–1311.
This trial compared early goal-directed therapy with usual care in 1260 septic
shock patients admitted to the ED in England. Early goal-directed therapy group
patients had greater Sequential Organ Failure Assessment score at 6 and 72 h,
were more likely to receive advanced cardiovascular support, and stayed longer in
the ICU. No significant differences in mortality or renal replacement therapy were
found.
31. Lipcsey M, Chiong J, Subiakto I, et al. Primary fluid bolus therapy for infectionassociated hypotension in the emergency department. Crit Care Resusc
2015; 17:6–11.
32. Lipcsey M, Subiakto I, Chiong J, et al. Epidemiology of secondary fluid bolus
therapy for infection-associated hypotension. Crit Care Resusc 2016;
18:165–173.
33. Pearse RM, Harrison DA, MacDonald N, et al. Effect of a perioperative,
cardiac output-guided hemodynamic therapy algorithm on outcomes following major gastrointestinal surgery: a randomized clinical trial and systematic
review. JAMA 2014; 311:2181–2190.
34. Schmid S, Kapfer B, Heim M, et al. Algorithm-guided goal-directed haemo&
dynamic therapy does not improve renal function after major abdominal
surgery compared to good standard clinical care: a prospective randomised
trial. Crit Care 2016; 20:50.
This trial found similar postoperative changes in serum creatinine in patients
undergoing major abdominal surgery randomized to goal-directed therapy or
standard care.
35. Bihari S, Watts NR, Seppelt I, et al. Maintenance fluid practices in intensive
&
care units in Australia and New Zealand. Crit Care Resusc 2016; 18:
89–94.
This point-prevalence study conducted in 49 ICUs in Australia and New Zealand
found that 62% of patients received maintenance fluid on the study day and that
such maintenance fluid accounted for one-third of total daily fluid input.
36. Dickenmann M, Oettl T, Mihatsch MJ. Osmotic nephrosis: acute kidney injury
with accumulation of proximal tubular lysosomes due to administration of
exogenous solutes. Am J Kidney Dis 2008; 51:491–503.

8

www.co-anesthesiology.com

37. Myburgh JA, Finfer S, Bellomo R, et al. Hydroxyethyl starch or saline for fluid
resuscitation in intensive care. N Engl J Med 2012; 367:1901–1911.
38. Perner A, Haase N, Guttormsen AB, et al. Hydroxyethyl starch 130/0.42
versus Ringer’s acetate in severe sepsis. N Engl J Med 2012; 367:124–134.
39. Bayer O, Reinhart K, Kohl M, et al. Effects of fluid resuscitation with synthetic
colloids or crystalloids alone on shock reversal, fluid balance, and patient
outcomes in patients with severe sepsis: a prospective sequential analysis.
Crit Care Med 2012; 40:2543–2551.
40. Bayer O, Schwarzkopf D, Doenst T, et al. Perioperative fluid therapy with
tetrastarch and gelatin in cardiac surgery – a prospective sequential analysis.
Crit Care Med 2013; 41:2532–2542.
41. Hammond NE, Taylor C, Saxena M, et al. Resuscitation fluid use in Australian
&
and New Zealand Intensive Care Units between 2007 and 2013. Intensive
Care Med 2015; 41:1611–1619.
This observational study demonstrated a significant increase in the use of crystalloid solutions for fluid resuscitation, particularly balanced solutions, over a 6-year
period in Australia and New Zealand. Simultaneously, the use of colloid solutions
decreased.
42. Glassford NJ, French CJ, Bailey M, et al. Changes in intravenous fluid use
&
patterns in Australia and New Zealand: evidence of research translating into
practice. Crit Care Resusc 2016; 18:78–88.
This ecological study compared fluid sales between two 1-year periods (2012–
2013 vs. 2013–2014) in Australia and New Zealand.
43. Yunos NM, Bellomo R, Glassford N, et al. Chloride-liberal vs. chloride&
restrictive intravenous fluid administration and acute kidney injury: an extended analysis. Intensive Care Med 2015; 41:257–264.
This before-and-after study found that a 1-year period of restricting chloride
administration to ICU patients decreased the incidence of moderate-to-severe
AKI [Kidney Disease: Improving Global Outcomes (KDIGO) stage 2 and 3]
compared with the preceding chloride-liberal 1-year period.
44. Shaw AD, Bagshaw SM, Goldstein SL, et al. Major complications, mortality,
and resource utilization after open abdominal surgery: 0.9% saline compared
to Plasma-Lyte. Ann Surg 2012; 255:821–829.
45. Raghunathan K, Shaw A, Nathanson B, et al. Association between the choice
of intravenous crystalloid and in-hospital mortality among critically ill adults
with sepsis. Crit Care Med 2014; 42:1585–1591.
46. Young P, Bailey M, Beasley R, et al. Effect of a buffered crystalloid solution vs
&&
saline on acute kidney injury among patients in the intensive care unit: The
SPLIT randomized clinical trial. JAMA 2015; 314:1701–1710.
This double-blind, cluster randomized, double-crossover trial compared 0.9%
sodium chloride with Plasma-Lyte 148 in patients requiring crystalloid fluid
therapy in the ICU. No difference in Risk, Injury, Failure, Loss of function and
End-stage kidney disease (RIFLE)-AKI incidence or use of renal replacement
therapy was found.
47. Reddy SK, Bailey MJ, Beasley RW, et al. A protocol for the 0.9% saline versus
Plasma-Lyte 148 for intensive care fluid therapy (SPLIT) study. Crit Care
Resusc 2014; 16:274–279.
48. Verma B, Luethi N, Cioccari L, et al. A multicentre, randomised controlled pilot
&
study of fluid resuscitation with saline or Plasma-Lyte 148 in critically ill
patients. Crit Care Resusc 2016; 18:205–212.
This exploratory randomized controlled trial demonstrated higher blood chloride
levels in patients resuscitated with 0.9% sodium chloride than in patients resuscitated with Plasma-Lyte 148. No significant differences in AKI incidence or peak
creatinine levels were found.
49. Wiedermann CJ, Wiedermann W, Joannidis M. Hypoalbuminemia and acute
kidney injury: a meta-analysis of observational clinical studies. Intensive Care
Med 2010; 36:1657–1665.
50. Finfer S, Bellomo R, Boyce N, et al. A comparison of albumin and saline
for fluid resuscitation in the intensive care unit. N Engl J Med 2004;
350:2247–2256.
51. Jacob M, Chappell D, Hofmann-Kiefer K, et al. The intravascular volume effect
of Ringer’s lactate is below 20%: a prospective study in humans. Crit Care
2012; 16:R86.
52. Bannard-Smith J, Alexander P, Glassford N, et al. Haemodynamic and
&
biochemical responses to fluid bolus therapy with human albumin solution,
4% versus 20%, in critically ill adults. Crit Care Resusc 2015; 17:122–128.
This retrospective comparison between 20% albumin and 4% albumin for fluid
bolus therapy observed no significant differences in hemodynamic response
despite a five times greater volume being administered in the 4% group.
53. Caironi P, Tognoni G, Masson S, et al. Albumin replacement in patients with
&&
severe sepsis or septic shock. N Engl J Med 2014; 370:1412–1421.
This is the largest randomized controlled trial exploring the efficacy of 20% albumin
infusion to maintain a serum albumin level of at least 30 g/l in patients with severe
sepsis. This intervention did not improve survival or renal outcomes.
54. Lee EH, Kim WJ, Kim JY, et al. Effect of exogenous albumin on the incidence of
&
postoperative acute kidney injury in patients undergoing off-pump coronary
artery bypass surgery with a preoperative albumin level of less than 4.0 g/dl.
Anesthesiology 2016; 124:1001–1011.
This randomized trial demonstrated reduced postoperative AKI incidence in
hypoalbuminemic patients receiving a 20% albumin solution before coronary
artery bypass graft surgery.

Volume 29  Number 00  Month 2016

Copyright © 2016 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

