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Abstract

Introduction Crystalloid resuscitation for trauma patients is deleterious, and minimizing crystalloid use is advocated. The
purpose of this study was to evaluate the adverse effects of high-volume resuscitation in pediatric blunt trauma patients.
Methods This study included a retrospective review of 291 patients with blunt trauma from January 2007 to Apr 2018 at the
Children’s Hospital, Chongqing Medical University. Patients were dichotomized into low and high groups depending on the
average dose of crystalloid fluid administration with a cut-off point during the first 24 or 48 h. Propensity score matching was
used based on measurable baseline factors to minimize confounding. The associations between crystalloid administration
and clinical outcomes were determined according to the corresponding methods.

Results Patients who received larger doses of crystalloids were more likely than the low-volume group to be associated with
severe anemia (p =0.033, p=0.042, respectively), RBC transfusion (p=0.016, p=0.009, respectively) and longer hospital
length of stay (p=0.008, p=0.002, respectively). In terms of plasma transfusion and oral solid diet, there were marginally
significant differences noted in the dichotomized groups at 24 h (p =0.074), with significant differences at 48 h (p= 0.013).
Conclusion Significant unfavorable outcomes were noted following excessive crystalloid resuscitation within the first 48 h
among pediatric patients with blunt trauma. Our findings support the notion that excessive fluid resuscitation should be
avoided.
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Introduction

In the early stages of injury, trauma-induced hemorrhage
is preventable; it represents a significant cause of death,
accounting for 30-40% of trauma mortality in the pediatric
population [1]. Traditionally, aggressive resuscitation strat-
egies, the cornerstone of early trauma management, were
advocated to increase the circulating volume and blood
pressure to maintain end-organ perfusion [2, 3]. It has been
argued that this modality may be associated with deleterious
clinical pathophysiological changes, including tissue edema,
a hypocoagulable state in the pediatric population [4], burns
[5], and also with the blunt trauma population [6]. Blood
loss is increased with increased mean arterial pressure and
dilution of clotting factors [7, 8]. Other adverse outcomes,
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including increased rates of postoperative ileus, acute respir-
atory distress syndrome (ARDS), abdominal compartment
syndromes (ACS) and infectious complications including
surgical site and blood stream infections were also reported
with the use of high-volume crystalloid resuscitation [9].
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After trauma, the optimal type of traditional fluid
administration (crystalloid), quantity (large volumes)
and timing of fluid administration have been questioned.
It has been suggested that chloride-rich fluids [10] have
detrimental effects on clinical outcomes in fluid resus-
citation, likely due to the worsening of acidosis, local
endothelial disruption and the volume overload it con-
fers, triggering an inflammatory response that substan-
tially increases morbidity [9]. Nevertheless, as signs of
fluid responsiveness are not always easy to interpret,
there has been a scarcity of clinical guidelines to direct
this complex issue. A growing body of evidence points
to substantial morbidity associated with even moderate
volumes of resuscitative fluids. Nevertheless, it remains
unclear as to whether commonly used resuscitative fluids,
including both crystalloid or blood product therapies, are
linked with adverse outcomes constituting a mere surro-
gate for injury severity or representing a truly causative
effect [11-14].

As the exact volume of fluid resuscitation associated
with worse outcome is unknown, we sought to evaluate
the association of fluid accumulation with clinical out-
comes in the pediatric trauma population at a large, ter-
tiary care hospital, with the belief that restrictive crystal-
loid fluid therapy would be associated with better clinical
outcomes.

Methods

This was a retrospective cohort study of the trauma inpa-
tients during the ten-year period from January 2007 to Apr
2018 at our trauma center (Children’s Hospital, Chongqing
Medical University). The Ethics Committee of Chongqing
Medical University gave expedited approval of this proto-
col. Inclusion criteria for this retrospective cohort study
were as follows: all children below 16 years of age with
blunt trauma; an injury severity score (ISS) of 9 or greater;
blunt injuries to any body region except the brain; base
deficit 2 mmol/L or higher; an abbreviated injury score
(AIS) of 2 or more. Exclusion criteria were as follows:
patients with missing data (gender, age, ISS, GCS, SBP,
or intravenous [IV] fluid volume); operations performed
in the first 48 h; isolated traumatic brain injury; patients
who were admitted to the study hospital later than 24 h
after trauma; and those who received intravenous fluids
before admission. To eliminate survivor bias, patients who
arrived in extremis (no vital signs on presentation) and/
or died within 12 h of admission were also excluded from
the analysis. The need for written informed consent was
waived because all patients were treated according to rou-
tine institutional treatment guidelines. We currently do not
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have institutional guidelines for initial fluid resuscitation
after trauma at our institution. Patient care for resuscita-
tion and the decision to administer crystalloid, coagulation
factor (CF) concentrates or blood product utilization was
directed by the on-call attending trauma surgeon.

Data collection

Data regarding the type and timing of fluid and blood
product administration, laboratory results, physiologic
parameters and mortality outcomes were collected and
thoroughly reviewed retrospectively from the patient
medical records. We also reviewed patient demographics,
type and injury severity scale (ISS), time elapsed between
trauma and hospital admission, vital signs, arterial pres-
sure, heart rate, blood cell count, hemoglobin, base excess
(BE), hemorrhagic shock at admission, transfused blood
components, and 24- or 48-h doses and the type of intra-
venous fluids administered. The abbreviated injury score
(AIS) quantifies injuries from a score of 1 (minor injury)
to 6 (nonsurvivable) in various body regions. A patient’s
ISS is calculated by summing the squares of the three
highest AIS scores in three different body regions (values
range from 1 to 75).

The primary outcomes of interest were blood compo-
nents transfusion, ICU and hospital length of stay, venti-
lator days and 30-day mortality. The secondary outcomes
were whether the patient developed the following com-
plications: severe anemia (defined as nadir hemoglobin
7.0 g/dl during hospital stay), thrombocytopenia (defined
as nadir platelet count 50 x 10%/L during hospital stay),
acute renal failure (ARF), acute respiratory distress syn-
drome (ARDS), abdominal compartment syndrome (ACS),
multiorgan failure (MOF), urinary tract infection (UTI) or
blood stream infection.

Propensity score (PS) matching and statistical
analysis

The study population was subdivided on the basis of
average corrected crystalloid administrations in the first
24 h (80.15 mL/kg) and 48 h (150.15 mL/kg). The cohort
was dichotomized into low- and high-crystalloid groups
according to the average 24 or 48 h corrected crystalloid
fluid administration as a cut-off point to ensure relative
equality of group size. Because those receiving crystalloid
therapy were not randomly assigned, propensity matching
was performed using a 1:1 ratio nearest neighbor algo-
rithm to minimize the effect of potential confounders in
baseline characteristics. Propensity scores were estimated
using a multivariable logistic regression model. A 0.1 cali-
per width was specified during the matching procedure and
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matching without replacement was performed based on the
estimated propensity score of each patient. The selected
covariates that were entered into the propensity model
included age, gender, admission INR, admission hemo-
globin, initial base deficit and ISS. These covariates were
selected a priori based on the information that was avail-
able. Propensity model discrimination and goodness of fit
were assessed for the balance of covariates used in propen-
sity score estimation after matching using the C-statistic
and the Hosmer-Lemeshow test, respectively. The propen-
sity score analyses were performed using SPSS 20.0 (IBM,
Armonk, NY) or R software 3.1.2 (The R Foundation for
Statistical Computing) and the Matchlt package.

After PS matching, the matched low- and high-crystalloid
administration patients were subjected to statistical compari-
sons using SPSS 20.0 (IBM, Armonk, NY). Continuous data
are presented as the mean + standard deviation or median
(minimum, maximum or 25th and 75th interquartile range
(IQR), as indicated) unless otherwise indicated. Categori-
cal data are reported as percentages. For univariate com-
parisons, Student’s #-test, the Shapiro—Wilk test or Wilcoxon
rank sum (Mann—Whitney U test) were used to compare con-
tinuous variables, and y2 tests or Fisher exact tests were used
to compare categorical variables as appropriate. A p value of
0.05 or less was considered significant with two-sided tests.

Results

During the 11-year study period (From January 2007 to
Apr 2018), a total of 291 pediatric patients suffering from
blunt injury and arriving at the study trauma center who
were eligible for inclusion were entered into the final analy-
sis (Table 1). Demographic data and trauma scores were
available for all patients included in the study. The mean
patient weight was 21.9 kg, and 60.1% were male. The
median injury severity score (ISS) was 24. The average
dose of crystalloid was 80.15 mL/kg for the first 24 h and
127.26 mL/kg for the first 48 h after adjusting for patient
weight. Table 1 demonstrates the pattern of cumulative fluid

Table 1 Amount of crystalloid and fluids infused (mean + SD)

balance between the two groups in the first 2 days. Over-
all, the daily fluid balance was more positive in the high-
crystalloid group from the second day because fluid intake
decreased in the low-crystalloid group.

The demographic and admission characteristics for the
dichotomized groups based on respective average dose of
crystalloid in the first 24 h or 48 h are presented in Tables 2
and 3. There were no significant differences with respect to
age, gender, platelet count, hemorrhagic shock or Glasgow
Coma Scale (GCS) score before PS-matching in the demo-
graphic features of patients between the two groups, with
the exception of the median base deficit, ISS and initial
hemoglobin upon admission. In terms of platelet count,
marginally significant differences were noted in the dichot-
omized groups for 24 h, but there were no significant dif-
ferences for 48 h before PS-matching. Under PS-matching,
several variables, including median admission base deficit,
ISS and initial hemoglobin became comparable.

Table 4 demonstrates clinical outcomes for the dichoto-
mized groups for 24 h and 48 h. On univariate analysis,
higher crystalloid volume was associated with more severe
anemia (p =0.033, p=0.042, respectively), more red blood
cell (RBC) transfusion (p=0.016, p =0.009, respectively)
and longer hospital length of stay (p=0.008, p=0.002,
respectively), than was the low-volume group. In terms
of plasma transfusion and oral solid diet, there were mar-
ginally significant differences noted in the dichotomized
groups for 24 h (p =0.074) but significant differences for
48 h (p= 0.013).

In the entire cohort, 5 patients developed acute renal
failure (ARF) (1.9%), 3 patients developed ARDS (1.1%),
1 patient developed abdominal compartment syndrome
(0.4%), no patients developed MOF, 10 had a UTI (3.8%)
and 8 developed a blood stream infection (3.0%). Due to the
exceedingly rare occurrence, the current data lacked statis-
tical power to detect any association between crystalloid
administration and ARF, ACS, ARDS, MOF, UTI or blood
stream infections. Furthermore, patients in the high-vol-
ume group were more likely than their counterparts in the
low-volume group to stay in the hospital longer (Table 4).

Mean + SD (ml/kg) Amount for 24 h Amount for 48 h

>80.15 (mL/kg) <80.15 (mL/kg) P >127.26 (mL/kg) <127.26 (mL/kg) P
IV 0.9% saline 67.5+11.3 61.4+11.8 0.000 105.5+18.5 88.6+17.4 0.003
IV crystalloids 89.2+12.3 71.3+134 0.000 135.6+23.5 119.6+22.3 0.000
Water intake 95.4+23.8 84.6+229 0.000 146.7+32.6 129.6+30.3 0.000
Urine output (mL/kg*h) 59.3+15.8 48.8+14.7 0.006 113.3+26.9 109.7+24.5 0.12
Fluid balance 26.6+8.7 23.8+7.9 0.058 47.2+13.6 44.8+14.3 0.089

1V intravenous injection; Mean + SD mean + standard deviation
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Table 2 Baseline demographics of eligible patient and preoperative variables based on crystalloid administration in the first 24 h

Total population

Propensity matched population

<80.15 (mL/kg ) (145) >80.15 (mL/kg) (146) p

<80.15 (mL/kg) (132) >80.15 (mL/kg) (132) p

Age (yrs), Mean + SD 6.37 £3.85 6.56 + 3.79

Male: female 89:56 86:60

Weight (kg), Mean + SD 22.61+8.23 20.54+7.61

Interval from injury (h), 6.94+4.2 6.76 £4.4
Mean + SD

PT time (min), Mean + SD 11.84+2.02 12.48 +1.88

APTT (min), Mean + SD 32.87+6.48 34.48+7.53

INR (min), Mean + SD 1.12+0.24 1.18+0.27

Fibrinogen (g/l), Mean + SD  4.36+1.78 4.05+2.16

Platelet count (X 10°/1), 168.64 +76.83 137.30+68.74
Mean + SD

Admission GCS, Mean + SD  12.82 +4.24 13.67+3.92

Initial hemoglobin (g/dL), 102.56+11.68 88.64 +10.45
Mean + SD

Median admit base deficit 8.68 £5.24 10.14 £6.27
(meq/L), Mean + SD

Injury severity score (ISS), 17 [9,47] 28 [9,49]
median (IQR)

Hemorrhagic shock on admis- 24 (16.6) 28 (19.2)
sion, 1 (%)

026 6.37+3.85 6.56+3.79 0.26
0.38 81:51 80:52 0.50
0.34 21.82+8.06 21.34+£7.92 0.39
028 6.85+4.1 6.81+4.2 0.26
0.14 12.07+1.92 12.35+1.67 0.27
0.19 3328+7.53 33.96+6.48 0.36
025 1.13+0.23 1.15+0.26 0.36
031 422+1.29 4.17+1.87 0.38
0.075 153.46+68.64 137.30+59.82 0.22
0.16 13.06+3.93 13.18 +3.62 0.34
0.047 98.64+10.54 92.58+£10.16 0.25
0.031 9.37+4.87 9.86+£5.78 0.24
0.000 211[9,42] 24 [10,44] 0.19
033  22(16.7) 25 (18.9) 0.32

APTT Activated partial thromboplastin time; PT prothrombin time; GCS glasgow coma score; INR international normalized ratio; Mean * SD

mean =+ standard deviation; /QR interquartile range

While the proportion of patients admitted to the ICU was
significantly higher in the high-volume group, there were no
significant differences in terms of mean ICU length of stay.

Discussion

Our data from a tertiary care hospital demonstrate that
aggressive crystalloid resuscitation was associated with
markedly more transfusion of RBC and significant delay
of recovery measures, together with a longer hospitaliza-
tion time among blunt injured children. We were not able
to identify an association between crystalloid volume and
other complications including ARDS, ACS, ARF or infec-
tious complications due to their exceedingly rare occurrence,
although this has been reported elsewhere [9]. This study
should form an important step toward limited crystalloid
administration for trauma practices worldwide.

During hemostatic resuscitation of massive hemorrhage,
the role of crystalloid has been limited to that of carrier solu-
tion for blood products. It is plausible that the true impact
of crystalloid administration on hemorrhage is variable,
ranging from a protective effect, to no effect, to a detrimen-
tal effect, depending on the patient population, timing and
volume of resuscitation. The inconsistency in findings of
various investigators evaluating the association between
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crystalloid administration may partly be explained by vari-
able risk adjustment [14]. Here, in the present study, we
wanted to maintain power in our regression model ensur-
ing inclusion of a number of relevant clinical characteris-
tics, including injury severity, acute physiologic derange-
ment, age and neurologic status that could be related to the
risk of unfavorable outcomes, so that their effect would be
controlled for in our analysis. Inadequate or inconsistent
adjustment of these risks may result in spurious associa-
tions. We performed propensity score matching methods to
control for the abovementioned comprehensive confound-
ers to reduce the impact of indication bias. Compared to
traditional multivariable models for risk adjustment, the
current integration of propensity scores with traditional
multivariable models offers a methodologic advantage in
terms of reducing bias [15, 16]. Interestingly, even after con-
trolling for the aforementioned confounders, the incidence
of unfavorable outcomes was significantly higher following
higher volume crystalloid administration, likely suggesting
a causative mechanism. Excess fluid administration might
cause increased incidence of respiratory disorder due to fluid
accumulation can inhibit gastrointestinal motility, so as to
cause postoperative ileus [17, 18], the most important reason
for increased length of stay. Actually, in the current setting,
the oral solid diet was significantly delayed in the group
that received larger crystalloid volumes. Furthermore, tissue
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Table 3 Baseline demographics of eligible patient and preoperative variables based on crystalloid administration in the first 48 h

Total population

Propensity matched population

<127.26 (mL/kg) (146) >127.26 (mL/kg) (145) p

<127.26 (mL/kg) (128) > 127.26 (mL/kg) (128) p

Age (yrs), Mean + SD 6.37+3.85 6.56£3.79

Male: female 39:94 19:83

Weight (kg), Mean + SD 23.26+8.05 20.12+7.86

Interval from injury (h), 6.88+4.11 6.79+4.35
Mean + SD

PT time (min), 10.98+2.34 12.74+2.43
Mean + SD

APTT (min), Mean + SD 31.45+7.63 35.46+7.98

INR, Mean + SD 1.11+0.44 1.19+0.35

Fibrinogen (g/1), 4.12+2.25 429+2.16
Mean + SD

Platelet count (x 10°/1), 157.84 +82.76 139.68 +77.84
Mean + SD

Admission Glasgow 12.53+4.58 13.89+4.26
Coma Score (GCS),
Mean + SD

Initial hemoglobin (g/ 107.43+12.44 86.52+11.26
dL), Mean + SD

Median admit base deficit 8.76 +4.69 9.86+6.08
(meq/L), Mean + SD

Injury severity score 21 [9,48] 26 [9,49]
(ISS), median (IQR)

Shock on admission, n 25 (17.1) 27 (18.6)

(%)

026 6.37+3.85 6.56+3.79 0.26
0.041 39:94 19:83 0.041
026 22.25+7.76 21.46+£7.31 0.32
0.34 6.84+3.86 6.82+4.13 0.41
0.095 11.88+2.02 12.43+2.14 0.18
0.12  32.75+7.53 34.05+7.53 0.25
0.19 1.13+0.36 1.16+0.31 0.31
042 423+1.69 4.24+1.85 0.39
0.093 150.54+72.43 141.38 £63.86 0.29
0.11 12.88+4.33 13.24 +3.97 0.32
0.012 95.76 +£10.58 93.43+11.64 0.18
0.078 9.25+4.54 9.47+4.96 0.15
0.000 22 [9,43] 23[10,44] 0.24
043 23(17.4) 26 (19.7) 0.38

APTT activated partial thromboplastin time; PT prothrombin time; GCS glasgow coma score; INR international normalized ratio; Mean + SD

mean =+ standard deviation; /QR interquartile range

oxygenation might decline with fluid accumulation, a factor
that is unfavorable for wound healing. Some data have indi-
cated that sepsis and MOF correlated with increased fluid
administration and blood transfusions, although this was not
indicated in the current research.

A transient or negligible response to excess intravenous
crystalloid, however, might increase intravascular pressure
and unavoidably dilute coagulation factors, contributing to
uncontrolled bleeding, necessitating the increase in transfu-
sion of blood products [19, 20]. One of the most intriguing
findings in our study was the increased severe anemia and
RBC transfusion in the larger crystalloid volume patients,
even though the other blood product barely missed statistical
significance in our adjusted analysis. The reduced hemodilu-
tion in the low volume of administration group may provide
faster cessation of bleeding, possibly explaining the reduced
RBC transfusion. Variation in the crystalloid administration
window would be another factor accounting for the incon-
sistency of findings in other studies. To answer that question,
by contrast with previously published efforts that have used
12-h and 24-h resuscitation volumes [9], we also elected to
analyze resuscitation administered over the first 48 h. We

indeed identified fluid-related complications even according
to the dose of crystalloid within 48 h.

Taken together with previous guidelines and textbooks,
the present data highlighted the benefits associated with
restrictive fluid therapy in pediatric patients undergoing
trauma resuscitation. As permissible strategies, low-vol-
ume resuscitation or hypotensive resuscitation has slowly
but steadily grown in popularity to balance the risks of
resuscitation with the goal of organ perfusion. While
immediate and aggressive fluid resuscitation may rapidly
improve vital signs, the overall effect on outcome may be
much less comforting [21, 22]. Abnormal partial thrombo-
plastin time, admission hemoglobin and base deficit were
associated with greater risk for mortality than was sys-
tolic blood pressure [23, 24]. Because this strategy is still
not widely used in the current pediatric surgical practices,
evidence-based best practices should be performed to pro-
mote safer, higher quality patient care [25]. We believe this
is a firm attempt at demonstrating the potential adverse
outcomes that excessive fluid resuscitation may confer. As
these complex interactions will continue to be in place, we
urge the medical community with the privilege to care for
the injured to refrain from this practice until well-designed
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Table 4 Patient outcomes according to the crystalloid fluids utilization following the PS matching

24 h crystalloid fluids utilization

48 h crystalloid fluids utilization

<80.15 (mL/kg) (132) >80.15 (mL/kg) (132) p

<127.26 (mL/kg) (128) >127.26 (mL/kg) (128) p

Acute renal failure (ARF), 3 (2.3%) 2 (1.5) 0.50 3 (2.3%) 2 (1.6%) 0.50
n (%)

Oral solid diet (days), 32+1.1 4.1+1.3 0.074 3.1+1.0 42+1.3 0.013
Mean + SD

Urinary tract infection 6 (4.5)% 4 (3.0%) 0.38 6(4.7%) 3(2.3%) 0.25
(UTD), n (%)

Nadir Hb less than 7 g/dl, 6 (15.9%) 15 (25.8%) 0.033 5(14.1%) 13 (25.8%) 0.042
n (%)

Nadir PIt less than 50 2 (6.8%) 6 (9.8%) 0.14 2 (7.0%) 6 (10.2%) 0.14
(X10°/L), n (%)

Transfusion

Total RBC (ml), median 50 (25-150)(n=27) 100 (25-200)(n=38) 0.016 50 (25-125)(n=25) 100 (25-175)(n=35) 0.009
(IQR)

Total Plasma (ml), median, 50 (25-150)(n=23) 100 (25-200) (n=35) 0.093 50 (25-125)(n=22) 100 (25-175) (n=33)  0.032
(IQR)

Total Platelets (U), median 0 (0-1) (n=1) 1(0,2)(n=3) 0.58 0(0-1)(n=1) 1(0,2)(n=3) 0.31
(IQR)

Total cryoprecipitate (U), 0(0-0) (n=0) 1(0,1)(n=2) 0.31 0(0-0) (n=0) 1(0,1)(n=2) 0.38
median (IQR)

ARDS, n (%) 1(0.8%) 2 (1.5%) 0.50 1 (0.8%) 2 (1.6%) 0.50

Abdominal compartment 0 (0%) 1 (0.8%) - 0 1 (0.8%) -
syndrome (ACS), n (%)

Multiorgan failure (MOF), 0 0 - 0 0 -
n (%)

Blood stream infection, n 3(2.3%) 5(3.8) 0.12  3(2.3%) 5(3.9%) 0.36
(%)

PICU Length of stay (d), 5(2-22)(n=13) 5(2-22)(n=17) 026 5(2-22)(n=12) 5(2-22)(n=15) 0.23
Mean + SD

Hospital Length of stay (d), 10.9+3.5 12.7+4.2 0.008 10.7+3.3 12.8+4.0 0.002
Mean + SD

Mortality, n (%) 1(0.8%) 2 (1.5%) 0.50 1(0.8%) 2 (1.6%) 0.50

Ventilator days (d), median 4 (0-11) (n=11) 6 (0-19) (n=14) 0.34 4 (0-10) (n=11) 6 (0-17) (n=13) 0.27

dQR)

Mean £ SD mean =+ standard deviation; /QR interquartile range; PICU pediatric intensive care unit; ARDS acute respiratory distress syndrome;

RBC red blood cell

randomized studies shed more light on the optimal method
and goals of resuscitation. We hope to help develop opti-
mal resuscitation strategies and protocols. In fact, at our
institute, we implemented a fluid therapy strategy using
tangible hemodynamic parameters to reduce hypo- and
hypervolemia events.

The present study should be interpreted with certain
limitations in mind. The current patient population might
differ in their physiologic status during traumatic injury,
because the ages of the pediatric patients ranged from
1 to 17 years. There are likely more subtle baseline dif-
ferences among patients who could affect differences in
treatment (i.e., balance of crystalloid vs. blood). Although
we performed the PS-matching multivariate regression
analysis, controlling for confounders is less rigorous in

@ Springer

a retrospective analysis than in a randomized controlled
trial. We did not consider adjusting for blood product utili-
zation in our analysis. This information was considered as
the outcome of fluid administration. A confounder is that
the same adverse outcomes have also been associated with
blood transfusion. Because there were only three deaths,
no conclusions could be drawn about the influence of the
resuscitative strategy on mortality. A more in depth strati-
fication analysis for certain epidemiological data regarding
the incidence, and mortality and morbidity rates should be
performed to generate comparison groups of patients who
had similar baseline factors should be next in my research
agenda.

In summary, a high volume of crystalloid resuscita-
tion fluid conferred prolonged hospital length of stay in a
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pediatric blunt trauma population. It also appeared to be
associated with a substantial increase in severe anemia and
RBC transfusion, even when baseline patient characteristics,
trauma burden and blood product transfusions were con-
trolled for. Our finding supports the notion that excessive
fluid resuscitation should be avoided.
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