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Introduction

Acute kidney injury (AKI) is one of the most important
complications in burned patients. The Risk, Injury, Failure,
Loss and End-stage kidney (RIFLE) and Acute Kidney Injury
Network (AKIN) classification systems were developed to
categorize the severity of renal dysfunction and have enabled
investigators to examine the impact of acute kidney
dysfunction in burn patients.1-3

To prevent renal dysfunction, it is essential to achieve

adequate blood volume status. This is much more important
in burn patients, because their plasma losses are higher than
those of trauma or septic patients. Most forms of resuscitation
are based on the Parkland formula using crystalloids in the
first 24 h, sometimes followed by colloids.4 In recent years,
factors such as haemodynamic monitoring, increased use of
sedation and others have led to increased fluid intake, which
is known as ‘fluid creep’ and leads to increased interstitial
oedema associated with increased morbidity and mortality.5
Resuscitation centres exclusively using crystalloid reported
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more cases of compartment syndrome.6 To avoid excessive
intake of crystalloid, albumin and synthetic colloids are used
as replacements.7,8 Lower-molecular-weight hydroxyethyl
starch (HES) 130/0.4/6% is a synthetic colloid that appears to
exhibit reduced side effects compared with older HES.9
Vlachou et al. found that the use of HES was effective in
avoiding excessive intake of crystalloid.10 However, the
VISEP study,11 the 6S study,12 the CHEST study13 and
others14,15 all noted an increased incidence of AKI or an
increase in the number of days on which RRT was required in
patients who received HES. In contrast, the CRYSTMAS
study showed that significantly less volume was required to
achieve haemodynamic stabilization for HES versus NaCl in
the initial phase of fluid resuscitation in severe sepsis patients
without any difference in adverse events in both groups.16
Moreover, the FIRST trial noted that in penetrating trauma,
HES provided significantly better lactate clearance and less
renal injury than saline.17 Recently, it has been recommended
that HES be avoided in burn patients, although there are no
serious studies showing increased AKI in burn patients treated
with HES.

Therefore, we investigated the incidence of AKI in
critically burned patients resuscitated with a protocol that
included Ringer’s solution and HES 130/0.4/6% as a
supplement. In addition, we studied whether there were any
differences in comorbidity, severity scores, fluid therapy,
morbidity and mortality among patients who developed AKI
and those who did not. 

Methods

This study was approved for the observation of the effects
of a resuscitation protocol in critically burned patients and was
performed between October 2008 and December 2011. The
study was approved by the Clinical Research Ethics Committee
of the ‘La Paz’ University Hospital (Madrid, Spain) (HULP PI-
576. 2007) and all necessary written informed consent was
obtained from the patients involved in the study. Data were
collected from 165 patients admitted to our burn unit with
critical burns covering >15% of the total body surface area
(TBSA). Exclusion criteria were age <16 years or >80 years,
burns over 85% of the TBSA, Baux score > 150, pregnancy,
delayed admission over 6 h and chronic renal dysfunction
(previous serum creatinine >2.0 mg/dL). 

Resuscitation protocols
Resuscitation was initiated with Ringer’s lactate

according to the Parkland formula. Subsequently, the fluid
rate was increased when the hourly urine output was <0.5
mL/kg or MAP <65 mm Hg or decreased when the hourly
urine output was >1 mL/kg. Re-evaluation according to our
protocol (Fig. 1) was performed every 8 h and more
frequently whenever urine output was below the target for
consecutive 2 h or MAP was <55 mm Hg. In the first 12 h, a
pulse-dose of 250 ml hydroxyethyl starch solution was only
added whenever a patient with signs of hypovolemia
developed acute hypotension (for bleeding, sedoanalgesia or
other interventions). The dose was eventually repeated. At
12-24 h, continuous infusion of 6% hydroxyethyl starch
130/0.4 (Voluven® Fresenius Kabi, Bad Homburg,
Germany) was added, the amount of Ringer’s lactate
reduced, oral tolerance tested in patients not receiving

mechanical ventilation and enteral tolerance tests performed
in intubated patients. The doses of HES ranged from 0.3 to
0.4 mL/kg×% TBSA burned with a maximum of 20
mL/kg×day. On day 2 of admission, each patient received
Ringer’s lactate plus HES and enteral feeding was started
where possible. After the third day, the infusion of HES was
removed, except in 17 patients who needed moderate doses
of vasopressor. Analgosedation was performed with
benzodiazepines, propofol, ketamine, opioids and other
minor analgesics. Near-total burn wound excisions were
made in the first 72 h (most of the time between 12 and 48
h) unless circumstances prevented it.

In addition to acute kidney injury (AKI) staging using the
RIFLE and AKIN criteria, we studied aetiology, comorbidities,
various severity scores such as Baux, Abbreviated Burned
Severity Index (ABSI), Sequential Organ Failure Assessment
(SOFA), other complications and mortality. The effects of
crystalloid and colloid administration were evaluated every 8
h for the first 3 days, along with the daily relationship to the
extravascular lung water index (EVLWI), intra-abdominal
pressure (IAP) and arterial pressure of O2/fraction of inspired
oxygen (PO2/FiO2). 

Statistical analysis
The binary data are presented as proportions, and

continuous variables are expressed as means ± standard
deviation. To analyse the association between qualitative
variables, a chi-square test (likelihood ratio test) was performed
and the Kruskal-Wallis test was used to determine the
association between quantitative and qualitative variables when
normality was not evidenced in the distributions. The
Spearman test was used to search for correlations between
renal dysfunction and IAP, arterial PO2/FiO2, EVLWI, total
volume and colloid volume, complications and mortality. The
overall effect of the average period volume of colloids or
crystalloids, time and renal dysfunction (RIFLE or AKIN
stages) were studied using type III analysis associated with
generalized estimation equations. Multiple regression analysis
was used to study comorbidity, aetiology and inhalation
syndrome. Two-sided tests were used and a P value <0.05 was
indicative of statistical significance. We used SAS 9.3 (SAS
Institute Inc., Cary, NC, USA).

Fig. 1 - Resuscitation decision tree
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Results

The study included 182 consecutive patients admitted to
the critical care burn unit, of whom 17 had exclusion criteria
and 165 were included: 112 males (68%) and 53 females
(32%). Mean age was 43 ± 16 years and mean TBSA was 30 ±
15% (15%-20%: 48 patients, 21%-40%: 89 patients, 41%-
60%: 16 patients and >61%: 12 patients). More than half of the
patients exhibited significant past medical histories. Patient
characteristics are shown in Table I.

The total volume provided in the first 24 h was 10.9 ±
5.5 L. Boluses of HES were only administered in the first 12
h in the presence of hypovolemia plus acute hypotension. On
day 2, a smaller volume was provided (8.2 ± 2.1 L), in which
<1 L of the medium was composed of HES. In 17 patients
(10.3%), the administration of HES continued after the first
72 h. The mean fluids administered indexed to burn size in
the first 24 h were 4.60 ± 2.3 mL/kg×TBSA burned (median
4.01) and between 24 and 48 h they were 3.60 ± 2.1
mL/kg×TBSA burned. The fluids administered are shown in
Table II.

The average EVLWI did not exceed 10 mL/kg but was
elevated on day 2, along with IAP, while arterial PO2/FiO2
decreased. There was no significant correlation with EVLWI
or IAP.

Basal serum creatinine was 0.87 ± 0.28 mg/dL (median
0.80). At the end of resuscitation (third day), it was 0.85 ± 0.32
mg/dL (median 0.80) and rose to 0.90 ± 0.49 mg/dL (median
0.80) on day 7. The maximum creatinine was 1.25 ± 0.74
(median 1.00), and at discharge, serum creatinine was 0.94 ±
0.37 mg/dL (median 0.80).

Incidences of AKI were as follows: 32 patients met the
criteria for AKI using RIFLE criteria (19.3%): 10 met the
criteria for risk (6.1%), 11 for injury (6.7%) and 11 for failure.
Using the AKIN criteria, 38 patients met the criteria for AKI
(23%): 16 for stage I (9.7%), 5 for stage II (3%) and 17 for
stage III (10.3%) (Table III).

Renal replacement therapy (RRT) was performed in 15
patients (9.1%). In 6 of these patients, RRT was employed in
the final stages of multi-organ failure. 

There were significant differences between AKI and no-
AKI groups with respect to age, TBSA burned, inhalation
injury, severity scores, need for mechanical ventilation, need
for vasopressors or mortality. However, there were no
differences in burn aetiology or comorbidities (there was only
an association with a history of COPD). 

The different stages of RIFLE were associated with age,
TBSA burned, severity scores, need for mechanical ventilation
or vasopressor and mortality. However, length of ICU stay,
mechanical ventilation and need for vasopressors were not
associated with RIFLE stage (Table IV).

Patients who received HES in the first 12 h showed no
more AKI than those who did not. Moreover, there was an
inverse relationship between use of HES in the first 12 h and
AKI, though it was not statistically significant (−0.6236, p =
0.09). 

We cannot rule out a relationship between degree of
RIFLE or stage of AKIN and the amount of fluid provided
in the first 24 h (p = 0.7 and p = 0.8, respectively) or in the
first 72 h (p = 0.7 and p = 0.5, respectively). In addition,
we studied whether the pattern of providing volume over
time could influence renal dysfunction and showed that it

was no different among patients who developed any stage
of AKI. 

For comparison with other studies, a subgroup of 117
patients with >20% TBSA burned was generated and we
observed that in this group, median TBSA burned was 35 ±
15%, 72.6% were male, median age was 45 ± 16 years, 69.2%
were burned by fire and 23% had inhalation syndrome.
According to the RIFLE criteria, AKI occurred in 25.6% and
12.8% needed RRT. If we consider only the patients with
>30% TBSA burned, mean TBSA burned was 45 ± 14%, 32%
had AKI according to the RIFLE criteria and 16.3% needed
RRT.

Global mortality rate was 12.5% and, using RIFLE criteria,
mortality was 3.7% in no-AKI patients and 50% in AKI

AKI No AKI
n = 32 n = 133

Age (years) 54 ± 16 41 ± 15*
Total body surface area (TBSA) burned 36 ± 15 28 ± 15*
Medical history
Chronic Obstructive Pulmonary Disease 9 (28%) 12 (9%)*
Arterial hypertension 10 (30%) 27 (20%)
Diabetes mellitus 5 (15%) 9 (7%)

Type of Burn
Flame 26 (81%) 104 (80%)
Electrical 1 (3 %) 7 (5%)
Other 5 (16% ) 21 (15%)

Inhalation Injury 12 (37%) 20 (15%)*
Associated trauma 3 (9%) 13 (9%)
ABSI (Abbreviated Burn Severity Injury) 8.5 ± 1.8 6.5 ± 2.0*
Baux 90 ± 24 69 ± 22*
SOFA (Sepsis-related Organ Failure Assessment)
Day 0 3.7 ± 2.9 2.1 ± 2.2*
Day 3 6.3 ± 2.7 3.7 ± 3.0*

Days in ICU 33 ± 23 30 ± 25
Patients in mechanical ventilation 28 (87%) 55 (41%)*
Patients with vasopressor 24 (75%) 50 (37%)*
Mortality 16 (50%) 5 (3.7%) *
*P<0.01

Table I - Characteristics of patients in AKI and no AKI groups (using
RIFLE criteria)

Total HES EVLWI IAP PaO2/FiO2
volume (L) (L) ml/kg (mmHg)

0-24 h 10.9 ± 5.5 0.29 ± 0.21 6.8 ± 2.6 9.6 ± 3.6 384 ± 427
24-48 h 8.2 ± 2.1 0.81 ± 0.25 8.9 ± 4.6 11.0 ± 5.4 279 ± 95
48-72 h 5.7 ± 1.7 0.88 ± 0.21 8.1 ± 2.8 10.0 ± 3.7 286 ± 103
EVLWI = extravascular lung water index. IAP = intra-abdominal pressure.
Arterial pressure of O2/fraction of inspired oxygen (PaO2/FiO2)

Table II - Volume administered and related parameters

No AKIN AKIN - I AKIN - II AKIN - III
No RIFLE 125 8 0 0 133
RIFLE - R 2 6 0 2 10
RIFLE - I 0 2 4 5 11
RIFLE - F 0 0 1 10 11

127 16 5 17 165

Table III - AKI using RIFLE or AKIN criteria
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patients (Table IV). Using the AKIN criteria, mortality was
3.9% in no-AKI patients and 42% in AKI patients (16% in
patients in stage I, 20% in stage II and 82% in stage III). All
patients in whom RRT was used in the end stage of multiple-
organ failure died, and in those without multiple-organ failure,
mortality was 88%.

Discussion

In this observational study, we evaluated the incidence of
AKI in a substantial number of patients suffering from burns.
Using RIFLE/AKIN, we identified AKI as a common
complication that is associated with other complications and
worse outcome.

In our study, AKI incidence was 19.4% using the RIFLE
criteria and 23% using the AKIN criteria. In previous studies
on burn patients, the prevalence of AKI varied considerably.
Brusselaers et al. reported in a review that AKI occurred in
25% of patients and that RRT was performed in almost 30%
of AKI patients when the RIFLE classification was used.18

Among the most recent studies similar to ours, the following
are noteworthy. Lopes et al. identified AKI using the RIFLE
criteria in 36% of patients with severe burns.19 Chung KK et
al. reported AKI in 33% of patients using the AKIN criteria

and in 24% of patients using the RIFLE criteria; among those
with >20% TBSA burned, the prevalence of AKI rose to 77%
and 62%, respectively.20 Palmieri et al. applied the RIFLE
criteria in burn patients and reported AKI in 53%.21 Mosier et
al. performed another study using the Parkland formula for
resuscitation and reported a 49% incidence of AKI using the
RIFLE criteria for patients with a mean TBSA of 42% and a
similar total 24-h resuscitation volume and colloid volume in
patients who developed early AKI and those who did not.22

Finally, in a study by Noshad et al., AKI was observed in
approximately 76% of patients.23 Therefore, the incidence of
AKI varies greatly and depends on many factors, not only on
the percentage of TBSA burned or the type of resuscitation
fluid used. However, in any case, incidence appears to be
between 26% and 49%, being as high as 76% in some studies
(Table V).

The incidence of AKI was higher when the AKIN criteria
were used, although this was due in part to stage III, which
includes all patients with RRT, but some of these patients
received RRT by volume overload, respiratory dysfunction,
final stage of multiple organ failure or other initially nonrenal
causes.

We did not find more AKI in patients with diabetes
mellitus, hypertension, heart failure or in any burn aetiology.

No AKI Injury Risk Failure P
n = 133 n = 10 n = 11 n = 11

Age (years) 41 ± 15 47 ± 17 58 ± 14 56 ± 14 <0.001*
Total body surface area (TBSA) burned 28 ± 15 30 ± 11 38 ± 17 39 ± 18 <0.01*
Inhalation Injury 20 (15%) 5 (50%) 2 (18%) 4 (36%) 0.02
ABSI (Abbreviated Burn Severity Injury) 6.8 ± 2.0 7.7 ± 1.6 8.7 ± 4.0 9.1 ± 3.3 <0.001*
Baux 69 ± 22 78 ± 25 97 ± 26 95 ± 21 <0.001*
SOFA (Sepsis-related Organ Failure Assessment)

Day 0 2.1 ± 2.3 3.6 ± 3.3 4.1 ± 2.8 3.6 ± 3.0 0.02
Day 3 3.7 ± 3.0 6.4 ± 1.8 6.2 ± 3.1 6.1 ± 3.2 0.01

Days in ICU 30 ± 25 29 ± 23 31 ± 23 38 ± 26 0.7
Patients in mechanical ventilation 54 (6%) 7 (70%) 11 (100%) 9 (81%) <0.001*
Days in mechanical ventilation 19 ± 19 18 ± 10 19 ± 19 30 ± 17 0.1
Patients with vasopressor 35 (26%) 5 (50%) 9 (81%) 8 (72%) 0.002*
Days with vasopressor 15 ± 13 13 ± 8.0 21 ± 16 33 ± 22 0.1
Mortality 5 (3.8%) (20%) (63%) (63%) <0.001*
*P<0.01

Table IV - RIFLE criteria and patient characteristics

N Mean % TBSA Mean Year AKI (RIFLE) CRRT
Our study 184 30 49 21% 9.1% Low doses of HES
Béchir 2010 HES group 16 40 49 25% HES 200/0.5/10%
Béchir 2010 Control group 14 37 35 7.1%
Béchir 2013 HES group 23 31 49 26.1
Béchir 2013 control group 22 32 47 27.3
Chung 2012 1973 16 36 25% (33% AKIN criteria)
Chung 2012 (>20% TBSA burned) 62% (77% AKIN criteria)
Noshad 2013 100 45 76%
Lopes 126 36% (I:14.3/R:8.7/F:12.7) Parkland
Palmieri 2010 60 36%? 43? 32% (I:28.1/R:18.8/F:53.1) Parkland
Mosier 2010 221 42 40? Early:28% (I:10/R:15/F:3) 5.4

Late: 21% (Total:49%) 5.8 (11.2) Crystalloid
Brusselaers rev 2010 2111 18.4-47.4% 3.2%

Table V - AKI in previous studies on burns patients
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As we expected, AKI was associated with age, TBSA burned,
severity scores (Baux, ABSI), need for mechanical ventilation,
need for vasopressors and mortality. However, different stages
of RIFLE were not associated with length of ICU stay,
mechanical ventilation or need for vasopressors.
The distribution of the contribution of volume over time

during resuscitation was no different among patients who
developed any stage of AKI. 
HES are a relatively inexpensive alternative to human

albumin for correcting hypovolemia. There is a lack of
evidence on the effectiveness of HES in avoiding excessive
administration of fluids in the resuscitation phase of severe
burn patients. Nonetheless, Vlachou et al. observed that the use
of HES in the first 24 h after burns decreased fluid
requirements (crystalloid group, 307 ml/% TBSA vs. colloid
group, 263 ml/% TBSA).10 Renal dysfunction has been
associated with HES use in septic patients. Few studies have
investigated the incidence of AKI in burns patients resuscitated
with HES supplementation. Bèchir et al. compared
resuscitation according to the Baxter formula with another
group of patients in which they administered 0.5 ml/kg×%
TBSA of HES 200/0.5/10%.24 Although this study was a post
hoc analysis of a small number of patients, it is one of the few
that provide data on this subject; therefore, it might be of some
interest to compare the results with those of our study. In their
study, the amount of HES infused in the first 72 h was 6.0 ±
3.36 L (3 times higher than in our patients), and there was no
difference in complications, urine output or serum creatinine.
There was, however, a difference in the need for RRT and
mortality, although not statistically significant. In particular,
RRT was used in 25% of the patients treated with HES
compared with 7.1% in the control group, and mortality was
43.8% in the patients treated with HES compared with 14.3%
in the control (Table V). In our series, which included a larger
number of patients (165 vs. 14 patients), we did not find an
increase in AKI incidence; the AKI rate was similar to that
described by Bèchir in the subgroup in which they did not use
HES and much lower than that described in the subgroup in
which they used HES. This may have been due to the use of
‘old’ HES (200/0.5/10%) in the previous study and ‘modern’
HES (130/0.4/6%) in our study, or because the use of colloids
was much more restrictive in our study. In our patients,
incidence of RRT was not higher than in other studies, although
the criteria for RRT initiation were not the same. In many
patients, RRT was initiated in the final phase of multi-organ
failure, rather than after isolated renal failure. Therefore,
initiation of RRT may not be accurately attributed to HES
administration, and there are other predisposing factors, such
as sepsis, severity, nephrotoxicity, previous surgeries and
accumulated balance.

Bèchir et al., in a new study25 with ‘modern’ HES
(130/0.4/6%), found that early renal function, incidence of
ARDS, length of hospital stay and mortality were not
negatively influenced by HES. However, they question the
usefulness of this colloid. Similarly, our study did not show
any unexpected increase in the incidence of AKI. Even patients
who received HES in the first 12 h by hypotension and
hypovolemia showed no more AKI than those who did not.
This group would be expected to have a higher incidence of
AKI. This may suggest the safety of using HES in the
resuscitation of burn patients.
Although it appears that HES may have the same side

effects as those described for sepsis, there are insufficient data
to prove that the supplementation of HES in burn patients may
cause renal dysfunction. Experts agree that HES could continue
to be used in patients with hypovolaemia caused by acute blood
loss where treatment with crystalloids alone is not considered
to be sufficient. Perhaps the use of HES in the resuscitation of
the severely burned patient with severe hypovolemia should
also be allowed. 
The main limitation of our study is that it was not designed

to demonstrate the effectiveness and safety of HES and thus
there is no control group. This prevents us from reaching
conclusions about decreased fluid requirements and renal or
respiratory dysfunction. In addition, there are many
confounding factors; therefore, a larger number of patients
would be needed to draw appropriate conclusions. Another
limitation is that wound progression was not studied. Finally,
the different criteria for the establishment of RRT may hamper
comparisons with other studies and the interpretation of the
study’s impact. Some clinicians begin RRT earlier than others
and some patients received RRT by volume overload or
respiratory dysfunction, but there are no specific criteria for
this. Similarly, adequate resuscitation can resolve oliguria or
creatinine elevation (after surgery or at the beginning of sepsis)
and avoid the need for RRT techniques.

Conclusion

The incidence of AKI in burn patients using the
AKIN/RIFLE criteria is high and is associated with more
complications and higher mortality. Our study suggests that the
use of HES at low doses does not seem to cause more AKI than
those reported by studies in burn patients resuscitated without
HES, but this requires further evaluation. We suggest that there
are insufficient data to prove that supplementation of burn
patients with HES may cause renal dysfunction. Further studies
should be conducted to evaluate whether any dose of lower-
molecular-weight HES can decrease the amount of fluid needed
for resuscitation, without causing an increase in side effects.
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