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Arterial thermodilution in burn patients suggests

a more rapid fluid administration of fluids during

early resuscitation

C. Csontos', V. Fornt!, T. Fiscuer? and L. Bocar!

"Department of Anaesthesia and Intensive Care and *Department of Surgery, Faculty of Medicine, University of Pécs, Hungary

Background: A number of target points have been used for
fluid replacement in severely burned patients. The aim of
our prospective randomized study was to compare the
effect of two different types of fluid resuscitation regimes
on the multiple organ dysfunction score (MODS) and
central venous oxygen saturation (ScvO,) in the first
3 days after injury.

Methods: Twenty-four patients admitted to the critical
care unit of a university hospital with the presence of
burn injury affecting more than 15% of the body surface
area and in-hospital fluid resuscitation started within 3h
after burn injury were included. Patients were randomized
into two groups. Fluid resuscitation was guided by the
hourly urine output (HUO Group, n=12) or by the in-
trathoracic blood volume index (ITBVI Group, n=12).
Invasive transpulmonary hemodynamic measurements
utilizing pulse contour analysis with a single dilution
technique and continuous ScvO, measurements were per-
formed in both groups.

Results: The mean ScvO, was significantly lower in the
HUO Group than in the ITBVI Group (P =0.024) for the
first 24h. MODS was significantly higher in the HUO
Group than in the ITBVI group 48h (P =0.024) and 72h
after injury (P = 0.014). The two main outcome parameters,
i.e., MODS calculated at 48 and 72 h after injury and ScvO,
were negatively correlated on day 1 (r = —0.684, P = 0.004,
r=—0.677, P =0.003). There were no statistical differences
in clinical outcome parameters.

Conclusion: Our data suggest that ITBVI may be a better
target parameter than HOU in the fluid resuscitation of
severely burned patients after injury.
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ESTIMATION of the fluid loss of severely burned
patients has generated intense debate. A num-
ber of schemata have been recommended for fluid
resuscitation. The Parkland formula (PF) is used
most commonly, but a number of studies have
proved that the PF frequently underestimates the
water and electrolyte loss of burned patients (1-4).
The most commonly used target parameter of fluid
resuscitation is hourly urine output (HUO). The
guidelines of the American Burn Association (5)
and the Advanced Burn Life Support Course re-
commend targeting urine output between 0.5 and
1.0ml/h/kg.

Despite adequate resuscitation based on main-
taining targeted HUO an increase in base deficit
(BD) can still develop, which may be associated
with a higher risk of acute respiratory distress
syndrome (ARDS) or multiple-organ dysfunction
(6). Two publications from Holm et al. (7, 8) based

intravenous fluid resuscitation on the normal va-
lues of the intrathoracic blood volume index
(ITBVI) wusing double indicator dilution as a
method of invasive hemodynamic monitoring in
resuscitation. The total circulating blood volume
index (TBVI) has also been regarded as an ideal
guide during resuscitation (9).

Although no study has examined the possible
benefit of ScvO, monitoring in burn patients, it has
been proven that central venous oxygen saturation
of the hemoglobin (ScvO,) reflects tissue oxygen
supply in the management of early sepsis (10).
Experimental studies have shown that changes in
ScvO; closely reflect circulatory disturbances dur-
ing periods of hypoxia, hemorrhage and subse-
quent resuscitation (11, 12). Fluctuations correlate
well with those of mixed venous saturation (SvO,),
although absolute values differ (11-13). The prog-
nostic significance of ScvO, reductions below 65%

1

AAS 1658

Dispatch: 26.2.08  Journal: AAS CE: Neena

PA B

1658

Journal Name Manuscript No.

Author Received:  No. of pages: 8 PE: Darsana Op: gsravi




[, W SN U I N I

(@)

16

18
19
20
21
22
23

24
26
27
28
29

o]
=
S

L L LI L
AN DN R W N =

NG "G S BLUS BLUS BLUS B US RS
S O o0

N N N N

N N
F26-Feb:08-21:501 79544 Bytes 8IPAGES nopérator=T.Prasath)-

i n

N n

[BWUK AAS 1658.PD

AS

C. Csontos et al.

has been demonstrated in trauma (14), severe
sepsis (15) and myocardial infarction (16) but it
has not yet been proven in fluid resuscitation of
severely burned patients. For this reason, we
decided to challenge the benefit of conventionally
guided fluid resuscitation with an intravascular
volume parameters-targeted regime.

It has already been shown that our second out-
come parameter [multiple organ dysfunction score
(MODS)] correlates clinically with the intensive
care unit (ICU) mortality risk of burned patients
(17).

The aim of our study was therefore to compare
the clinical usefulness of two different target para-
meters (HUO and ITBVI) in the fluid resuscitation
of burn patients. ScvO, during fluid resuscitation
and MODS (18) in the first 3 days after injury were
regarded as the main outcome parameters.

Materials and methods

Patients

Patients admitted with burn injury to our tertiary
ICU between January 2004 and June 2006 were
included in the study. After obtaining permission
from the local ethics committee, informed consent
was obtained from the patients, or their nearest
relative. Inclusion criteria were the presence of
burn injury affecting more than 15% of the body
surface area (BSA) and in-hospital fluid resuscita-
tion started within 3h after burn injury. Burned
body surface area (BBS) was estimated on the basis
of the Lund-Browder chart. Exclusion criteria were
chronic left heart or renal insufficiency documen-
ted in the past medical history and age under 18
years. If inhalation injury was suspected (facial
burn, soot in the throat, chest X-ray), bronchoscopy
was performed for verification. However, com-
puted tomography was not used for verification,
although it has been proven that peribronchial
atelectasis may be a characteristic of inhalation
injury (19).

Procedures

Patients were randomly assigned to two groups
using the closed envelope method (Fig. 1). Intrave-
nous fluid resuscitation was guided by HUO in the
HOU Group and invasive hemodynamic monitor-
ing in the ITBVI Group. For invasive transcardio-
pulmonary haemodynamic measurements, an
arterial catheter (PULSIOCATH, Pulsion Medical
Systems, Munich, Germany) was inserted via the

2
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Assessed for
eligibility (n=41)

Eligible (n=24)

Excluded (n=17)
Extreme burn severity (n=3)
Chronic heart insuff. (n=2)
Chronic renal insuff. (n=1)
Arrival at Burn Center >3h

Randomised
(n=24)

postinjury (n=11)
Allocated to Allocated to
HUO-Group ITBVI-Group (n=12)
(n=12)

Fig.1. Flowchart of the study.

femoral or the axillary artery, and for the contin-
uous ScvO, measurement, a special fiberoptic
probe (CeVOX, Pulsion Medical Systems, Munich,
Germany) was introduced via the central venous
line into the superior caval vein in both groups. The
device for ScvO, measurement was calibrated in
vivo two times daily. Blood gas analyses and mea-
surements of serum lactate concentrations were
performed with a Premier 3000 (Instrumentation
Laboratory, USA) instrument.

The correct position of the central venous cathe-
ter was controlled by chest X-ray. Lactated Ringer’s
solution (LR) was used exclusively for intravenous
fluid replacement in both groups. The initial infu-
sion rate for the first 24 h time was set according to
the PF (4 ml/kg/ %) (20) in both groups. This meant
that half of the calculated first day volume was
administered in the first 8-h time (i.e. 0.25kg/%/h
as a starting rate that was modified according to the
actual HUO or ITBVI in the HUO group or the
ITBVI group, respectively).

In the HUO Group (n =12), fluid resuscitation
was guided by the following: if the average urine
output was lower than 0.5ml/kg/h for at least 2 h,
the intravenous infusion rate was increased by
0.06ml/kg/%/h for the next 2h. The infusion
rate was decreased by 0.05ml/kg/%/h if the
average urine output exceeded 1.0ml/kg/h for at
least 2 consecutive hours (Fig. 2). If the intravenous
fluid replacement regimen had failed to maintain a
mean arterial pressure (MAP) of above 70 mmHg, a
norepinephrine infusion was used, with a max-
imum rate of 0.1 ug/kg/min. The attending phy-
sician was blinded to the results of invasive
hemodynamic monitoring in the HUO group. In-
vasive hemodynamic measurements were per-
formed 8 hourly for the first 3 days after injury
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Fig.2. Flowchart of fluid administration in both groups. PF, Parkland formula; PiCCO, transpulmonary hemodynamic measurement;

ITBVI, intrathoracic blood volume index; HUO, hourly urine output.

using 20ml cold (temperature <4 °C) isotonic
sodium chloride solution. Three readings were
taken and the mean was recorded.

The fluid resuscitation in the ITBVI group
(n=12) was guided by invasive transpulmonary
thermodilution hemodynamic measurements and
pulse contour analysis, performed every 2 h by the
same method as in the HUO group. The goal of
resuscitation was to maintain ITBVI between 800
and 850 ml/m?. The normal range for ITBVI is 850~
1000 ml/m?. By targeting the lower limit, we tried
to avoid intravenous fluid overload. If ITBVI was
<800 ml/m?, the infusion rate was increased by
10%. If ITBVI was under 750 ml/m?, 500 ml LR was
administered as an intravenous bolus, and the
hemodynamic measurements were repeated. LR
solution was administered until the targeted value
was reached. If ITBVI was over 850 ml/m?, the
infusion rate was decreased by 10% (Fig. 2). If the
target range of ITBVI had been reached but oliguria
(diuresis <0.5ml/kg/h) and/or hypotension
(MAP <70mmHg) were present, norepinephrine
administration was initiated on the basis of hemo-
dynamic monitoring.

Both groups had, on days 2 and 3, background
intravenous fluid replacement at 2ml/kg/h using
balanced salt solutions topped with LR and hydro-
xyethyl starch (Voluven") infusions, according to
HUO or ITBVIL. All patients were mechanically
ventilated during the study period and survived
the first week. Excision and grafting was started

1658

within 72 h and enteral feeding was commenced on
the first day after injury. Tracheostomy was per-
formed before the first grafting in order to avoid
complications due to coagulopathy (21).

Monitoring

ScvO, was measured continuously in both groups,
serum lactate level was determined 8 hourly and
HUO was averaged every 8h. MODS (18) was
calculated at admission and then every 24h. In-
vasive hemodynamic measurements were per-
formed 8 hourly in the HUO group, and 2 hourly
in the ITBVI group. However, in the ITBVI group
only the parameters recorded every 8 h were used
for analysis and included confidence interval (CI),
ITBVI, extravascular lung water index (EVLWI),
stroke volume variability (SVV) and central venous
pressure (CVP).

Statistics

Data from nine hemodynamic measurements
(three time points daily for 3 days) on every patient
were recorded (total 216 measurements). Statistical
analysis was performed using Statistical Program
for Social Sciences 11.5 software for Windows
(SPSS J'{", Chicago, IL). Correlations between variables
were analyzed using the Spearman’s test and vari-
ables were compared using the Mann-Whitney U-
test, differences over time and differences between

3
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groups at different time points were tested using
repeated-measures ANOVA and distributions be-
tween groups were evaluated using the % test. All
values are expressed as median and interquartile
range (IQR). Statistical significance was ascribed to
a P-value<0.05.

According to our power analysis for ScvO,
performed with a pilot study on 10 patients, 22
cases were required for a 4.5% difference, SD 3.7,
power 80% and o error 5%. For MODS 28 patients
were required (three-point difference, SD 2.8,
power 80%, o error 5%). Interim analysis was
planned and performed after 24 patients, and the
study was designed to stop after 30 patients. The
study was terminated at this stage because the null
hypothesis for MODS could be rejected after inclu-
sion of 24 patients.

Results

The study population consisted of 24 patients (two
females, 22 males), median age 46 years (IQR 39-
63), and median BBS 43% (IQR 30-63). No signifi-
cant differences were found regarding age, BBS,
MODS and EVLWI at the time of inclusion between
the HUO or the ITBVI groups (Table 1).

Significantly more fluid was administered in the
ITBVI group than the HUO group on the first day
after injury (5.7 ml/BBS/kg, IQR 4.5-6.5; 4.7ml/
BBS/kg, 4.4-5.2, respectively, P = 0.019). Moreover,
58% of the extra fluid was administered in the first
8h, 28% in the second 8 h, and only 14% in the last
8h.

ScvO, was significantly lower in the HUO group
than in the ITBVI group for the first 24h but no
significant differences were detected on the second

and the third day. The MODS was significantly
higher in the HUO group than the ITBVI group at
48 and 72h after injury. However, no significant
differences were present between groups in the
first 24h after injury. No significant differences
were detected in lactate level, PaO,, PaO,/FiO,
ratios and EVLWI between the HUO and the ITBVI
groups, on the first, second and third day after
injury (Table 2). Components of MODS concerning
different organ systems are displayed in Table 3.
Clinical outcome parameters are summarized in
Table 4. No significant difference could be found
between groups.

The two main outcome parameters, i.e., MODS
calculated 48 and 72h after injury, showed a sig-
nificantly negative linear correlation with ScvO,
measured on day 1 (r = —0.684, P = 0.004, r = — 0.677,
P =0.003).

A significantly linear correlation was found be-
tween ITBVI and ScvO,. A Strong correlation was
found between ITBVI and CI. Similarly, there were
correlations between ScvO, as the first outcome
parameter and CI. There was a significantly nega-
tive correlation between SVV as a measure of pre-
load and ScvO,.

HUO and CVP did not correlate with ScvO,, nor
any other hemodynamic parameters. No correla-
tion was found between serum lactate level and
MODS measured on days 1-3, ScvO, measured on
days 1-3, ITBVI, HUO and CVP values (Table 5).

Discussion

In this study, we found evidence that ITBVI may be
a more superior target parameter for intravenous

Table1
Demographic data and initial parameters of the patients.
HUQO Group (n=12) ITBVI Group (n=12) P-value

Females/Males 2/10 0/12 NS
Age (years) 45 (39-65) 46 (40-70) NS
Smokers 9 10 NS
Documented ischemic heart disease 4 5 NS
Documented diabetes mellitus 1 2 NS
BBS (%) 38 (29-61) 45 (31-63) NS
Presence of inhalation injury 5/12 6/12 NS
MODS on admission 2.0 (1.75-2.75) 2.0 (1.00-3.00) NS
ITBVI on admission (ml/m?) 780 (700-840) 790 (710-870) NS
EVLWI on admission (ml/kg) 5.0 (4.8-6.0) 6.5 (5.0-8.0) NS
ScvO, on admission (%) 70 (68-73) 72 (66—73) NS
Serum lactate level on admission (mmol/l) 1.8 (1.6-2.2) 2.0 (1.7-2.6) NS

Data are expressed as median and interquartile range. BBS, burned body surface area; MODS, multiple organ dysfunction score;
ITBVI, intrathoracic blood volume index; EVLWI, extravascular lung water index; ScvO,, oxygen saturation of the central venous

hemoglobin; NS, not significant.

-
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Table2
Summary of measured and calculated parameters of the patients during the study period (72 h).
Parameter Group Day 1 Day 2 Day 3
ScvO, (%) HUO 68 (64-71) 72 (61-77)* 76 (71-78) *,t
ITBVI 74 (71-78) 74 (69-79) 77 (73-79)%,1
P=0.024 NS NS
MODS HUO 4.0 (2.0-5.0) 5.0 (4.3-5.8)§ 5.0 (4.3-6.0)§
ITBVI 3.5 (3.0-5.0) 4.0 (3.04.3) 3.0 (3.3-3.8)
NS P=0.024 P=0.014
ITBVI (ml/m?) HUO 723 (590-844) 802 (701-959)* 860 (785-965)*,
ITBVI 851 (753-970) 873 (817-920) 970 (903-1020)1, ¥
P=0.009 P=0.043 P=0.003
CVP (cmH,0) HUO 6.0 (4.0-11.5) 8.0 (4.0-12.0) 11.5 (5.0-12.8)§
ITBVI 8.0 (4.8-12.0) 10.0 (6.8-18.3) 12.0 (7.0-15.8)§
NS NS NS
Cl (/m?) HUO 3.0 (2.4-3.5) 3.9 (3.0-5.0)t 3.8 (2.9-4.7)1
ITBVI 3.5 (3.3-3.8) 4.2 (3.4-5.2)7 4.3 (3.1-5.0)t
P=0.013 NS NS
Serum lactate (mmol/l) HUO 2.4 (1.7-3.6) 2.0 (1.6-38.1)§ 1.7 (1.3-2.8)1,9
ITBVI 2.3(1.3-4.7) 2.2 (1.6-3.2) 2.0 (1.4-2.3)
NS NS NS
PaO./FiO, ratio (kPa) HUO 43.7 (32.8-49.6) 34.5 (29.2-37.5)f 32.6 (28.6-34.9)1.9
ITBVI 44.5 (33.7-55.1) 29.7 (26.6-32.9)t 30.5 (27.2-33.9)
NS NS NS
EVLWI (ml/kg) HUO 6.0 (5.0-7.0) 7.0 (6.0-9.0) 7.0 (6.5-7.0)
ITBVI 6.0 (5.0-7.0) 6.0 (5.5-7.8) 6.5 (6.0-7.8)
NS NS NS
EVLWI/ITBVI (m?/kg) HUO 0.0082 (0.0068—0.0098) 0.0085 (0.0078-0.0103) 0.0081 (0.0068—0.0098)
ITBVI 0.0070 (0.0059-0.0088) 0.0072 (0.0055-0.0082) 0.0069 (0.0054-0.0086)
P=0.025 P=0.008 P=0.023
Urine output (ml/kg/h) HUO 0.8 (0.6-1.0) 0.9 (0.8-1.0)§ 0.8 (0.7-1.0)*
ITBVI 1.1 (0.9-1.4) 1.0 (0.7-1.1) 1.0 (0.9-1.2)
P=0.0008 NS P=0.0012
Hemoglobin (g/1) HUO 125.0 (110.0-138.8) 120.0 (102.5-130.0) 112.3 (101.3-120.3) %,
ITBVI 112.5 (100.3-120.5) 110.3 (100.3-115.5) 100.3 (90.5-110.3) ",

P=0.002

P=0.007

P=0.009

Data are expressed as median and interquartile range. Median values were calculated taking all measurements of all patients of a
group on the same day. ScvO,, oxygen saturation of the central venous hemoglobin; MODS, multiple organ dysfunction score; ITBVI,
intrathoracic blood volume index; CVP, central venous pressure; Cl, cardiac index; EVLWI, extravascular lung water index. Symbols

indicate within group differences.

*P<0.001 comparing to day 1; 1P<0.01; {P<0.01; §P<0.05; 1P<0.05; ||P<0.001 comparing with day 2, P-values and NS indicate

intergroup statistical differences.

fluid resuscitation than HUO in patients with
severe burn injury.

MODS was investigated because it might corre-
late clinically with the ICU mortality risk in burned
patients according to the paper of Fitzwater et al.
(17).

According to our power analysis, more than 200
patients would be required for proving an associa-
tion between fluid resuscitation and a mortality
risk (2% reduction, power 80%, o error 5%). This
sample size could only be reached in a multicenter
study that may be considered in the future. The
MODS was only analyzed up to the third day after
admission because many factors may alter it there-
after (e.g., surgical interventions), after which the
effect of different fluid resuscitation regimes cannot
be closely correlated with the MODS. Holm et al.
(7) did not find a mortality difference between the

1658

ITBVI and the PF-based fluid resuscitation groups,
but the differences in MODS were not studied. The
main difference between the design of the two
studies is the timing of the fluid resuscitation. In
the present study, fluid replacement, according to
the protocol, was commenced within 3h after
injury in contrast to the Holms study, where in-
hospital fluid resuscitation started within 8h, and
any fluid administration commenced within 6h
after injury. Hemodynamic measurements were
performed 2 hourly in our study and 8 hourly in
the Holms study. Therefore, it is postulated that the
present study was able to detect and treat hypovo-
lemia earlier.

In our study, a significantly lower second- and
third- day MODS was found in patients whose
fluid resuscitation was guided by ITBVI. Similar to
MODS, the ScvO, level was higher in the ITBVI

5
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Table 3
Components of MODS concerning different organ systems.
Organ-system Day1 (n=12) Day 2 (n=12) Day 3 (n=12)
Respiratory HUO 0.3 (0.0-0.5) 0.3 (0.3-0.5) 0.3 (0.3-0.8)
ITBVI 0.3 (0.3-0.5) 0.3 (0.3-0.8) 0.3 (0.3-0.8)
NS NS NS
Hematologic HUO 0.8 (0.3-1.0) 1.0 (0.3-1.3) 1.0 (0.3-1.3)
ITBVI 1.0 (0.3-1.3) 1.0 (0.3-1.3) 0.8 (0.3-1.0)
NS NS NS
Hepatic HUO 0.5 (0.3-0.8) 0.5 (0.3-1.0) 0.3 (0.5-0.8)
ITBVI 0.5 (0.3-0.8) 0.8 (0.3-1.0) 0.5 (0.3-1.0)
NS NS NS
Cardio-vascular HUO 2.0 (1.3-2.8) 1.5 (1.0-2.0) 2.0 (1.0-2.3)
ITBVI 1.0 (0.3-1.8) 1.0 (0.3-1.3) 1.0 (0.3-1.3)
P=0.043 P=0.032 P=0.002
GCS HUO 0.7 (0.3-1.0) 0.7 (0.5-1.3) 0.7 (0.3-1.3)
ITBVI 0.7 (0.5-0.1) 0.7 (0.3-1.0) 0.7 (0.3-1.0)
NS NS NS
Renal HUO 0.0 (0.0-0.0) 1.0 (0.3-1.3)* 1.0 (0.3-2.0)F
ITBVI 0.0 (0.0-0.0) 0.3 (0.0-0.8) 0.3 (0.0-1.0)
NS P=0.026 P=0.017

Data are expressed as median and interquartile range. CNS, central nervous system, symbols indicate within group differences,

*P=0.024 comparing day 1 with day 2.

P =0.007 comparing day 1 with day 3, and NS indicate intergroup differences.
ITBVI, intrathoracic blood volume index; HUO, hourly urine output; MODS, multiple organ dysfunction score.

Table 4
Clinical outcome parameters.
HUO Group (n=12) ITBVI Group (n=12) P-value

ICU mortality (n) 5 4 NS
Length of ICU stay (median day, IQR) 30 (19-36) 27 (18-32) NS
Length of mechanical ventilation (median day, IQR) 17 (11-20) 15 (9-22) NS
Renal insufficiency in the first 3 days (n) 0 0 NS
Renal insufficiencies during ICU stay (n) 3 1 NS
Patients on noradrenalin in the first 3 days (n) 6 2 NS

IQR, interquartile range, NS, not significant; Renal insufficiency, patient requiring haemodialysis; ICU, intensive care unit; ITBVI,

intrathoracic blood volume index; HUO, hourly urine output.

Table 5

Correlation coefficients between parameters on the first day.
Parameters Correlation factors P value
ITBVI — ScvO, 0.855 0.0008
ITBVI - CI 0.491 0.0008
ScvO, - ClI 0.412 0.0009
SVV - ScvO, —0.329 0.001
ScvO, — HUO 0.114 NS
ScvO, — CVP 0.087 NS
ScvO, — lactate —0.218 NS
Lactate — ITBVI —0.241 NS
Lactate — HUO —0.018 NS
Lactate — CVP —0.248 NS

ITBVI, intrathoracic blood volume index; Cl, cardiac index;
ScvO,, saturation of the central venous hemoglobin; SVV,
stroke volume variability; HUO, hourly urine output; CVP, central
venous pressure; NS, non-significant.

6
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group on the first day. These data suggest that
resuscitation guided by ITBVI may have been more
appropriate as reflected by a higher mean ScvO,
level on day 1, and in lower MODS on days 2 and 3,
than the resuscitation based on HUO. The negative
correlation between ScvO, levels measured on the
tirst day and the MODS on days 2 and 3 may
support this hypothesis. In the study by Holm
et al., (22) survivors, compared with non-survivors,
showed a significantly higher CI and oxygen de-
livery rate. These findings point to the importance
of adequate circulation in burned patients during
fluid resuscitation.

More fluid was administered in the ITBVI than in
the HUO group. Not only the total amount of fluid,
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but the timing of administration was different
between groups. The ITBVI group received more
volume in early resuscitation than the HUO group.
This may be the underlying cause of the higher
ITBVI in the ITBVI group. No patient showed any
signs of intravenous volume overload as monitored
by CVP or pulmonary edema formation reflected
by the EVLW, characteristic auscultation sounds,
decline in PaO, or chest radiography. Escharotomy
on unaffected extremities was not necessary.

No differences were found in the EVLWI and
PaO,/FiO, ratio between both groups and the
decline in PaO,/FiO, ratio was similar. Our find-
ings support the results of Holm et al. who also
found no increase in EVLW or the pulmonary
permability index during fluid resuscitation of
burned patients. Their study found no correlation
between the resuscitation volume and EVLW and
there was no significant difference between patients
with or without inhalation injury (23). Holm et al
measured EVLW by the transpulmonary double-
indicator dilution technique, in contrast to our
study. Sakka et al. (24) reported a significant correla-
tion between single- and double-indicator techni-
ques regarding EVLWI and ITBVI in critically ill
patients. The good agreement between the two
hemodynamic methods (24) supports the observa-
tions from both our study and that of Holm et al.
(21) despite the different monitoring techniques.

Different goals of fluid resuscitation have been
proposed in major burn injuries (1-9). Usually, the
efficiency of fluid resuscitation is monitored by an
HUO of between 0.5 and 1.0ml/kg/h (5, 25). No
report is available regarding the association be-
tween HUO and adequacy of tissue perfusion.
But according to the paper by Choi et al. (6) in
patients with adequate HUO, an increase in BD
could also develop. Our data suggest that there is
no significant correlation between HUO and ScvO,
or other invasive hemodynamic parameters. We
observed patients with ScvO, levels lower than
70%, despite adequate HUO in both groups. Base
deficit may also increase, despite adequate urine
output, due to insufficient tissue perfusion, as
reflected by an ScvO, below 70%. Alternatively,
an excessive lactate load by the LR solution may
decrease the possible association between BD and
HUO or ScvO,.

Serum lactate levels and BD were basically the
same in both groups and failed to correlate with
ScvO;. In burned patients, lactate acidosis is the most
common underlying cause of increase in BD. There-
fore, our findings support the result of Choi et al. (6).
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SVV showed a significantly negative correlation
with ScvOs,. In the literature, thus far, there have
been no evidence of data regarding the use of this
parameter in burned patients. However, the applic-
ability of this parameter is restricted to patients
who are fully ventilated and in sinus rhythm.

CVP did not show any significant correlation
with the ScvO, level and CI. CVP during burn
resuscitation is influenced more by intra-abdom-
inal pressure than by the actual intravascular
volume status of the burned patient (9). This para-
meter is therefore inadequate for guiding fluid
resuscitation in burned patients.

In contrast to HUO and or CVP, ITBVI showed a
significant positive correlation with ScvO, and CL
Our search of Medline database revealed no avail-
able data regarding the correlation between ITBVI
and ScvO, in burn injury. Because ScvO, is a
marker of the ratio between oxygen supply and
demand, our findings support the results of Holm
et al. (8) who showed that ITBV correlates with CI
and DO, in burned patients. The measurement of
ITBVI allowed earlier recognition and more ade-
quate treatment of hypovolemia reflected by the
higher ScvO,. Our data may suggest that patients
suffering from burn injury benefit from early goal
directed therapy, with a key point being ITBVI-
guided fluid resuscitation. The early normalization
of ScvO, can decrease the mortality. This view
should be investigated by a large prospective,
multicenter, randomized study.

The main limitation of our study is the relatively
small sample size. Although MODS showed a
correlation with the mortality risk in burned pa-
tients (17), mortality rate would have been the most
relevant endpoint.

Conclusion

Our data may suggest that ITBVI is a better target
parameter than HUO in the fluid resuscitation of
severely burned patients in the first 3 days post-
injury. An ideal target range of ITBVI in combina-
tion with fluid resuscitation guided by ScvO,
should be studied in the future.
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