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Abstract

Adequate fluid therapy is crucial to maintain organ function after burn trauma. Major burns lead to a systemic response with fluid
loss and cardiac dysfunction. To guide fluid therapy, measurement of cardiac pre- and afterload is helpful. Whereas cardiac func-
tion is usually measured after admission to intensive care unit (ICU), in this study, hemodynamic monitoring was performed
directly after arrival at hospital. We conducted a prospective cohort study with inclusion of 19 patients (male/female 13/6, 55
+ 18 years, mean total body surface area 36 + 19%). Arterial waveform analysis (PulsioFlexProAqt®, Getinge) was implemented
immediately after admission to hospital to measure cardiac pre- and afterload and to guide resuscitation therapy. Cardiac param-
eters 3.75 (2.67-6.0) h after trauma were normal regarding cardiac index (3.45 + 0.82) L/min/m?, systemic vascular resistance
index (1749 + 533) dyn sec/cm® m?, and stroke volume (SV; 80 +20) mL. Stroke volume variation (SVV) was increased (21 +
7) % and associated with mortality (mean SVV survivors vs nonsurvivors 18.92 (+6.37) % vs 27.6 (+5.68) %, P=.017). Stroke
volume was associated with mortality at the time of |CU-admission (mean SV survivors vs nonsurvivors 90 (+20) mL vs 50
(+0) mL,
P=.004). Changes after volume challenge were significant for SVV (24 +9 vs19 +8%, P=.01) and SV (68 +24 vs 76 +26 mL,
P=.03). We described association of SVV and SV with survival of severely burned patients in an observational study. This indi-
cates high valence of those parameters in the early postburn period. The use of an autocalibrated device enables a very early
monitoring of parameters relevant to burn shock survival.
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Introduction

Severe burn injury leads to burn shock, a systemic inflamma-
tory response with immense fluid and protein loss into sur-
rounding tissues due to capillary leak." It also causes relevant
myocardial depression and influences cardiac output (CO) as
well as pulmonary- and systemic vascular resistance.” The
known changes in cardiac function during burn shock appear
as a decrease in CO, stroke volume (SV), venous return, mean
arterial pressure (MAP), and stroke work.? In addition, the occur-
ring severe intravascular hypovolemia is followed by hypoperfu-
sion and microcirculatory impairment.*> Without adequate fluid
resuscitation, this leads to organ dysfunction, but fluid overload
is also associated with deleterious outcomes.®’ To guide this
therapy, comprehensive monitoring addressing disturbance of
both macro- and microcirculation is elementary.
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For individual, patient-adjusted fluid resuscitation, early
insights into volume capacity and fluid responsiveness are
highly relevant. A common way to measure cardiac pre- and
afterload in burn care medicine is to initiate enhanced hemody-
namic monitoring after patient admission to the intensive care
unit (ICU) to guide fluid resuscitation. According to literature,
this measurement typically starts 6 to 12 h after trauma.®'°

To improve resuscitation, it is important to consider the rela-
tionships between fluid responsiveness and cardiac dysfunction.
There are several studies describing hemodynamic alterations
and myocardial performance during burn shock period.>™!!
Parameters of cardiac pre- and afterload seem to be relevant
for outcome after burn trauma. Initial low SV and low CO,
6 h after trauma, are shown to be associated with mortality.'*'3
Despite this knowledge, we mainly must rely on experimental
studies in animals to describe hemodynamic changes in
the very early period of burn shock.'*™'® Increased vascular
permeability, caused by interendothelial gaps, lipid peroxida-
tion, and loss of intercellular adhesion,!” is described to
appear rapidly after trauma with an abrupt increase of tissue
water content.'®2° The decrease in CO and reduced myocardial
contractility is registered immediately after burn trauma.'*?! As
cardiac depression starts immediately and capillary leak peaks 2
to 4 h after burn trauma, information about patient myocardial
function and fluid responsiveness should be achieved as soon as
possible to improve clinical care.'>!'%!%17

In this study, we used an autocalibrated enhanced hemody-
namic monitoring system (PulsioFlexProACT®) to determine
fluid responsiveness and cardiac function directly after burnt
patients were admitted to hospital. Parameters of cardiac pre-
and afterload were measured during initial wound debridement
even before ICU admission. In a secondary analysis of data
published previously,?> we describe the very early course of
hemodynamic after burn trauma in a prospective cohort study
and its changes during fluid resuscitation. Furthermore, we
investigated the prognostic value of cardiac pre- and afterload
parameters to patient outcome.

Materials/Methods
Patients

We conducted an observational, prospective cohort study of
patients admitted between August 2020 and June 2021 with
major burn injuries to the burn center of our hospital (BG
Klinikum Unfallkrankenhaus Berlin, a supraregional trauma
center of the German Federal Statutory Accident Insurance).
Approval from the local ethics committee (Aerztekammer
Berlin, 20/05/07, Eth-04/20) was obtained, and the study was reg-
istered (20/05/26, DRKS00020826, UTN U1111-1248-8066).
We included patients with burn injury affecting >20% total
body surface area (TBSA) II-IV°, age >18 years and first debride-
ment and hydrotherapy in general anesthesia with mechanical
ventilation. Exclusion criteria were age <18 years, pregnancy,
atrial fibrillation, severe heart insufficiency, or other reasons pre-
venting sufficient arterial waveform analysis. Patients with toxic

epidermal necrolysis were also excluded. Informed consent was
obtained from the patients, their nearest relative or legal guardian.

After hospital admission, patients were transferred directly to
the burn operating theatre. All patients received general anesthe-
sia, mechanical ventilation, and a jugular central venous catheter,
as well as an invasive arterial blood pressure measurement. After
patient’s weight determination, PulsioFlexProAQT®-sensor and
the PiCCO™-Monitor were connected. We documented the first
acquired cardiac parameters following hospital admission. Fluid
therapy was guided by the Parkland formula and was adjusted
to standard parameters such as heart rate (HR), hourly urinary
output, base excess, and lactate levels, as well as parameters of
enhanced hemodynamic monitoring (cardiac index [CI], SV var-
iation [SVV], and systemic vascular resistance index [SVRI]).
Stroke volume was calculated, using captured CI and HR. Goal
parameters for resuscitation were defined (CI>2.5 L/min/m?,
SVV <20%, SVRI>1250 dyn sec/cm’® m?, hourly urine
output 0.5 to 1 mL/kgKG/h, BE>-2, Lactate<2 mmol/L,
and HF <120/min) according to the German burn resuscitation
guidelines.”® After the first surgical wound treatment, patients
were transferred to the burn ICU. Enhanced hemodynamic mon-
itoring was continued for 24 h or until the patient reached spon-
taneous breathing. In addition to maintaining fluid infusion at
fixed rates, at clinician’s discretion volume challenges were pos-
sible. We documented hemodynamic parameters before and
after fluid bolus which was administered over 60 min. We ana-
lyzed extra bolus applications over 1000 mL in 1 h. Study
parameters were documented at the time of hospital admission
(TO), after reaching the burn operating theatre (T1), before
first wound cleaning and scrub (T2), at admission to ICU (T3)
and after 6, 12, 18, and 24 h (T3.1-T3.4).

Statistics

Patient charts from the hospital and the ICU data management
system Medico (Cerner Health Services™) and ICM (Driger™)
were reviewed. Data extraction was performed in a pseudony-
mous way. After digitalization in Microsoft Excel, rigorous
plausibility checks were conducted before the data were
imported to SPSS® (Version 27, IBM).

If not indicated differently, metric study parameters were
presented as an average with standard deviation. For group
comparison, Student ¢ test was performed when normal distri-
bution and equality of variance was present (Shapiro-Wilk
test and Levene-test). If either requirement was not met, we
used the nonparametric Mann-Whitney U test. For connected
variables with intraindividual measurement at 3 or more time
points, we used 2-factor analysis of variance for ranks according
to Friedman, for analysis of 2 connected samples Wilcoxon
signed-rank test was used. To indicate the discriminatory
ability of parameters we used receiver operating curves. The
area under the curve is given with 95% confidence intervals
and significance testing was performed with AUROC=0.5 as
null hypothesis.

Categorical variables were shown as counts and percentages,
a test of significance was then performed with the y* test.
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Two-sided P values of <.05 were considered statistically
significant.

Results

Twenty patients were included in the study. Due to missing
informed consent in one case, 19 patients were analyzed
(male/female 13/6, mean age 55 + 18 years, mean TBSA 36 +
19%, mean body mass index 28 + 5 kg/m?). Sixteen patients suf-
fered from flame injury, in 3 cases from scald-type burns.
Demographic data and data at admission are shown in Tables 1
and 2. In 12 patients, enhanced hemodynamic monitoring was
implemented immediately after admission to burn center, in 7
patients first documented measurement was slightly later due
to technical difficulties.

We started measurement of hemodynamic parameters,
cardiac pre- and afterload, as well as fluid responsibility in
median 3.75 (2.67-6.0) h after burn trauma.

Cardiac index at admission was 3.45 +0.82 L/min/m?. Initial
SVV was 21 (£7) %, SV (80+20) mL, SVRI 1749 + 533
dyn sec/cm® m?, and HR 94 + 27 (Table 3). Heart rate signifi-
cantly decreased from time of admission to hospital until ICU
admission (94 27 vs 86 + 22 bpm, P =.001) and significantly
increased from time to admission ICU to 18 h (86 22 bpm vs
89 +23, P=.03) and 24 h (86 +22 vs 92 +22 bpm, P=.01)
after trauma (Table 4).

Table |I. Demographic Data.

Number (%) or Mean + SD

Study group (n=19)

Sex (%)

Female 6 (31.6)
Male 13 (68.4)
Age (years) 55+ 18
TBSA (%KOF) 3619
Inhalation Injury 7 (36.8%)
Third degree (%) 10 (52.6)
Fourth degree (%) 1(5.3)
BMI (kg/m?) 28.1+5.3
rBaux-Index 99 +30
ABSI-Score 9+3

Abbreviations: TBSA, total body surface area; BMI, body mass index; rBaux-
Index, revised Baux-Index.

Table 2. Data at Time of Admission to Hospital.

Number (%) or Mean + SD

Study group (n=19)

pH 7.31+0.12
BE (mmol/L) 3.15+4.86
Lactate (mmol/L) 22+ 1.7
HR (bpm) 94 +27
MAP (mm Hg) 95+32

Prehospital applied fluid (mL) 1607 + 882

Abbreviations: MAP, mean arterial pressure; HR, heart rate.

Patients who survived until at least 28d had initially a signif-
icant lower SVV (mean SVV survivors vs nonsurvivors 19 (+6)
% vs 29 (£6) %, P=.007; Figure 1). Also, lower SV at the time
of ICU-admission, 6.04 +1.77 h after trauma, was associated
with mortality after 28d (mean SV survivors vs nonsurvivors
90 (+20) mL vs 50 (+0) mL, P =.004; Figure 2). There was no
difference in body surface area (BSA) between the 2 groups
(mean BSA survivors vs nonsurvivors 2.08 (+0.3) m* vs 2.10
(£0.16) m*, P = 86).

At this time point, HR showed a significant difference (mean
HR survivors vs nonsurvivors 78 (+18) bpm vs 108 (+27) bpm,
P =.04). Initially measured CI with 3.41 (£0.88) versus 3.57
(£0.77) L/min/m? survivors versus nonsurvivors, P=.521,
Figure 3 and SVRI with 1838 (+573) versus 1618 (+393)
dyn sec/cm’ mz, survivors versus nonsurvivors, P=.521,
Figure 4, were no predictors of survival in our cohort.

ROC curves comparing the ability of initial SVV, ABSI,
and revised Baux-Index (rBaux-Index) to discriminate 28-day
mortality gave areas under curves of 0.88 (CI 0.71-1.04) for
SVV, P<.01; 0.91 (CI 0.77-1.05) for ABSI, P<.01 and 0.92
(CI 0.80-1.05) for rBaux-Index, P<.01 (Figures 5 and 6).

Table 3. Earliest Measured Cardiac Pre- and Afterload Parameters,
3.75 h After Trauma.

Mean + SD

Cl (L/min/m?) 3.45+0.82
SVV (%) 21 +7
SVRI (dyn sec/em® m?) 1749 + 533
SV (mL) 80+ 20

Abbreviations: SVRI, systemic vascular resistance index; SV, stroke volume; SVV,
stroke volume variation.

Table 4. Course of Hemodynamic Parameters During Points of
Treatment.?

Mean + SD
Cl Sw SVRI sV HR

TO 94 +27°
TI 348+089 21+7 1640+413 80+20 92+16
T2 3.64+086 21+8 1618+454 80+20 97+18
T3 3.06 +0.89 18+8 2148 +739 80+20 86+22
T3.1 3.12+£079 2110 1818+738 70+20 95124
T3.2 2.68+0.74 18+ 10 1468 +794 60+20 86+21
T3.3 2.65+08I 20+ 10 1340 +757 60420 89+23°
T34 29+092 17+8 13254930 70420 92+25°
P 0.123 0.187 0.470 0.921 *<0.05

Abbreviations: Cl, cardiac index in L/min/m?; SVV, stroke volume variation in %;
SVRI, systemic vascular resistance index in (dyn sec/cm® m?); SV, stroke volume
in mL; HR, heart rate in bpm; ICU, intensive care unit.

*T0: admission to hospital T1: admission to burn center T2: during first wound
scrub T3: admission to ICU T3.1: 6 h after trauma T3.2: 12 h after trauma T3.3:
18 h after trauma T3.4: 24 h after trauma.

PP < .05 for HR: admission to hospital versus ICU admission, |8 h post trauma
versus |CU admission, 24 h post trauma versus ICU admission.
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Figure 1. Stroke volume variation as predictor for mortality, x-axis:
mortality after 28 d y-axis: stroke volume variation in %, *P=.007.
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Figure 2. Stroke volume as predictor for mortality, x-axis: mortality
after 28 d y-axis: stroke volume variation in mL, *P=.004.
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Figure 3. Cardiac index as no predictor for mortality, x-axis:
mortality after 28 d y-axis: cardiac index in L/min/m?, P=.521.

Figure 4. Systemic vascular resistance index as no predictor for
mortality, x-axis: mortality after 28 d y-axis: systemic vascular
resistance index in dyn sec/cm® mz, P=.521.
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Figure 5. ROC-analysis, describing ability of initial stroke volume

variation (SVV) and ABSI-score to discriminate 28-day mortality

y-axis: sensitivity, x-axis: specificity.
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Figure 6. ROC-analysis, describing ability of initial stroke volume
variation (SVV) and rBaux-Index to discriminate 28-day mortality

y-axis: sensitivity, x-axis: specificity.
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Table 5. Change of Hemodynamic Parameters During Volume
Challenge.”

Mean + SD Tbefore Taftar P
HR (bpm) 96 +24 87 +24 .03
MAP (mm Hg) 71+19 75+ 14 25
Cl (L/min/m?) 3.00+0.53 3.05+077 43
SVV (%) 2449 19+8 0l
SV (mL) 68 +24 76 +26 .03
SVRI (dyn sec/em® m?) 1877 + 631 2036 +674 .02
Norepinephrine (ug/kg/min) 0.15+0.15 0.14+0.16 41

Abbreviations: Cl, cardiac index; SVRI, systemic vascular resistance index; SV,
stroke volume; SVV, stroke volume variation; MAP, mean arterial pressure; HR,
heart rate.

*Thefore: data before volume challenge; T, data directly after administration of
1000 mL crystalloid solution (RAC) in 60 min.

Volume challenge with 1000 mL crystalloid-Bolus in 60 min,
in median administered 6.75 (3.62-9.25) h after trauma, showed
significant changes of hemodynamic parameters regarding
SVV (24 +9 vs19 +8%, P=.01), SV (68 24 vs 76 +26 mL,
P=.03), SVRI (1877 +631 vs 2036+ 674 dyn sec/cm’ m?,
P=.02), and HR (96 +24 vs 87 + 24 bpm, P=.03) but not for
CI (3.00+0.53 vs 3.05+0.77 L/min/m? P=.43) and MAP
(71 £19 vs 75 £ 14 mm Hg, P =.25; Table 5).

There was also no significant association between the initial
cardiac performance or fluid responsibility and further outcome
parameters like organ failures or organ replacement therapy.
Also, all other time points of measurement (T1-T3.4) showed
no significant association with outcome parameters. A total of
6 patients (31.6%) died during 28d in the hospital.

Discussion

The measurement of the early hemodynamic changes after
severe burn trauma is important for improvement of ongoing
fluid resuscitation. To address cardiac depression and fluid
deficit adequately, timely information about cardiac pre- and
afterload, myocardial function, and fluid responsibility is crucial.

We describe cardiac performance and volume capacity in 19
severely burned patients in median 3.75 h after burn trauma,
which is 2 to 8 h earlier than recent clinical publications docu-
ment cardiac parameters.'>**?7 Literature researched only
revealed one article with similarly quick measurement,
Sanchez et al published data in retrospective evaluation with
a mean time of 4.2 h after trauma.”®

In our cohort, we observed CI within normal ranges, normal
SVRI and SV, and upper normal values of SVV at the time of
admission to burn center. Experimental studies in animals lead
to the theory, that cardiac depression starts immediately after
burn trauma and lasts at least for 24 h.*»'*'> Temporal analysis
of these events in human burn patients, especially early after
burn trauma, has not been largely available. Gong et al
described low CI 12 h after trauma with slow postburn recovery
until hour 36.% Pruitt et al observed low CO already 6 h after
trauma but were able to detect earlier recovery after 12 h.>* In
our cohort, we found only a nonsignificant trend toward

lower CO starting 12 h after burn trauma, so we are not able
to support the results published so far.

Systemic vascular resistance is supposed to rise within 2 h
after burn trauma, caused by elevated sympathetic activity
and high-level released catecholamines and comes back to
preburn level 18 to 24 h postburn.>''*' In our cohort, we
saw upper normal values of SVRI at time of admission to
ICU with a decreasing almost to reference value levels 24 h
after trauma, this result suggests coherence with published
experimental and clinical studies.

Like previously published clinical data, small sample sizes
and changes in hemodynamic parameters also limited statistical
analysis in our study. We could only find trends in CI, SVRI,
and SVV which did not reach statistical significance. The dem-
onstrated significant change in HR should also be interpreted
cautiously. In summary, there is still a lack of knowledge con-
cerning development of hemodynamic parameters immediately
after burn shock outside animal experiments, whereby our data
add important information.

To improve our understanding of the relationship between
fluid resuscitation and cardiac performance during burn
shock, we investigated the changes of hemodynamic parame-
ters after bolus administration of crystalloids. Volume chal-
lenge is considered potentially harmful as worsening of tissue
edema is possible.’” Nevertheless, if circulatory instability per-
sists, additional fluid administration may be necessary. It was
only used in our study when the attending clinicians considered
it not to be avoidable. Lavrentieva et al investigated hemody-
namic changes after fluid challenge in a prospective cohort,
using thermodilution. A significant change in CI, SVV, and
SVRI was described.”” Our data confirm those findings for
SVV and SVRI using autocalibrated monitoring. A significant
change in the CI during the volume challenge could not be con-
firmed in our cohort. This can be explained, supported by
animal experimental data, by a very slow change in CO after
fluid application and a described independence of cardiac
depression from fluid resuscitation.*'*?

The results for systemic resistance need to be interpreted
cautiously as a marked variation in noradrenaline dosing under
volume challenge was observed. PulsioFlex® is described as a
reliable device for tracking fluid-induced changes in nonburned
patients.** We could describe usefulness of autocalibrated mon-
itoring in a cohort of severely burned patients regarding fluid
responsiveness, even though bolus-administration rate was
lower than in similar investigations.

Some authors were able to describe associations of lower CI
with worse outcomes. Bernard and Holm used cumulated
hemodynamic parameters during the first 72 h of treatment,
whereas Soussi focussed first measurement of CI 6 h after
thermal injury.'>!3-

We cannot confirm those results in our prospective cohort
with early detected CI 3.75 h after trauma, as it showed no sig-
nificant association with mortality at this point of measurement
or at later time points. This discrepancy can be explained by the
timely implementation of enhanced cardiac monitoring in our
cohort. In contrast to the studies we did not use thermodilution,
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but patients were already receiving closely monitored volume
and catecholamine therapy at the later time points which
might influence hemodynamic parameters. Additional prospective
investigations with standardized measurement methods and treat-
ment protocols as well as larger cohort sizes are needed to give
insights on the conflicting data regarding CO in early burn shock.

Stroke volume is also supposed to be associated with burn
shock survival, with survivors showing higher SV at time of
admission than nonsurvivors.'?> We could not find any differ-
ences between survivors and nonsurvivors in early measured
SV after admission to burn center 3.75 h after trauma, but at
time of ICU admission, SV was higher in the group of survivors
than in the patients who died. Soussi et al demonstrated this
association 6 h after trauma, which is coherent with our data.

Stroke volume variation is previously shown to be a reliable
value for fluid responsiveness in ventilated patients with circu-
latory failure.***” As adequate fluid resuscitation remains the
main tool to prevent burn shock deaths, early detection of
fluid responsiveness given additional myocardial depression
appears to be more important than ever during burn shock.
Chiao et al as well as Tokarik et al showed that addressing
SVV for goal-directed therapy during fluid resuscitation leads
to less unnecessary fluid administration and optimizes resusci-
tation.>*** In a prospective cohort study, Lavrentieva et al
showed SVV as valuable to predicting fluid responsiveness
in severely burned patients with a significant decrease under
fluid administration.”’

In our cohort, in the group of burn trauma survivors initially
measured SVV was lower than in nonsurvivors. This could
allow the interpretation of increased SVV as an early marker
of burn shock severity with pronounced vascular permeability
and high fluid loss and reveal the crucial importance of this
parameter in the early treatment period. Early measurement of
SVV as a predictor of fluid responsiveness and mortality can
give important additional information about individual compen-
sation. It enables the attending physicians to guide resuscitation
therapy and react to the individual fluid capacity even before
ICU admission.

To describe the discriminative capability of SVV regarding
mortality, we performed ROC analysis with SVV as a new
marker and established scores predicting burn-caused mortality
such as ABSI and rBaux-Index.>**" Stroke volume variation
exhibited a good discriminatory ability but it should only be
used additionally in predicting patient survival. Generally,
one should only use SVV prognostically when it is combined
with clinical context and well-established predictive scores
such as ABSI and rBaux.

Limitations of this study are the small group and the hetero-
geneity of patients. For a robust statistical analysis, a larger
study group is necessary. Whether the clinician’s early reaction
to the acquired additional hemodynamic information translates
to patient-centered outcome improvement should be investi-
gated in randomized controlled fashion. Another limiting
factor is the use of autocalibrated monitoring for CO measure-
ment. There are reported deviations, regarding absolute values
of CO between devices with autocalibration and methods

using calibration via thermodilution, which restrict the interpre-
tation of absolute values. However, as the ability to implement a
complex device and perform calibration with thermodilution
during admission, initial care and wound cleansing is limited
and the usefulness of autocalibrated devices in fluid resuscita-
tion has been demons‘cra‘ce:d,34’41 the use of an arterial waveform
analysis is a viable alternative. A further limitation of the study
is the exclusion of patients with atrial fibrillation or severe val-
vular abnormalities, as it is precisely these patients who might
benefit from precise hemodynamic monitoring. Since the
dynamic parameters of volume responsiveness such as SVV
in patients with atrial fibrillation do not allow reliable conclu-
sions to be drawn from the pulse contour analysis, a different
procedure must be recommended for future studies. Possibly
the use of transthoracic echocardiography to determine CO in
response to fluid administration, combined with the course of
metabolic parameters such as lactate and base excess is of addi-
tional value in the challenging cohort of patients with underlying
cardiac disease.

Conclusion

Our data provide supplementary information on hemodynamic
parameters and fluid capacity in burn shock. It was already
known from animal and clinical studies, that cardiac dysfunc-
tion and the individualized fluid administration following
burn trauma is of high relevance. We can confirm the finding
of altered hemodynamic parameters and specifically add infor-
mation on the hemodynamic state of adult burn patients in their
very early postburn period. In our cohort, cardiac dysfunction
measured before ICU admission was not severely altered and
not associated with mortality, while SVV and SV helped
predict patient survival. To prove the hypothesis, that earlier
detection of alterations in CO and fluid responsibility and
quick adjustment of therapy can improve survival, further ran-
domized controlled trials are necessary.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iDs

Marianne Kruse
David Josuttis
Claas Guethoff

https:/orcid.org/0000-0001-6732-0920
https:/orcid.org/0000-0001-9086-9065
https:/orcid.org/0000-0002-9984-6908

References

1. Baxter CR, Shires T. Physiological response to crystalloid resus-
citation of severe burns. Ann N Y Acad Sci. 1968;150(3):874—
894. doi:10.1111/j.1749-6632.1968.tb14738.x


https://orcid.org/0000-0001-6732-0920
https://orcid.org/0000-0001-6732-0920
https://orcid.org/0000-0001-9086-9065
https://orcid.org/0000-0001-9086-9065
https://orcid.org/0000-0002-9984-6908
https://orcid.org/0000-0002-9984-6908
http://dx.doi.org/10.1111/j.1749-6632.1968.tb14738.x
http://dx.doi.org/10.1111/j.1749-6632.1968.tb14738.x

170

Journal of Intensive Care Medicine 40(2)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Asch MJ, Feldman RJ, Walker HL, et al. Systemic and pulmonary
hemodynamic changes accompanying thermal injury. Ann Surg.
1973;178(2):218-221. doi:10.1097/00000658-197308000-00020
Abu-Sittah GS, Sarhane KA, Dibo SA, Ibrahim A. Cardiovascular
dysfunction in burns: review of the literature. Ann Burns Fire
Disasters. 2012;25(1):26-37.

Soussi S, Dépret F, Benyamina M, Legrand M. Early hemody-
namic management of critically ill burn patients. Anesthesiology.
2018;129(3):583-589. doi:10.1097/aln.00000000000023 14
Soussi S, Legrand M. Hemodynamic coherence in patients with
burns. Best Pract Res Clin Anaesthesiol. 2016;30(4):437-443.
doi:10.1016/j.bpa.2016.10.004

Saffle JI. The phenomenon of “fluid creep” in acute burn resusci-
tation. J Burn Care Res. 2007;28(3):382-395. doi:10.1097/ber.
0b013e318053d3al

Cartotto R, Zhou A. Fluid creep: the pendulum hasn’t swung back
yet!. J Burn Care Res. 2010;31(4):551-558. doi:10.1097/BCR.
0b013e3181e4d732

Gong C, Zhang F, Li L, et al. The variation of hemodynamic parame-
ters through PiCCO in the early stage after severe burns. J Burn Care
Res. 2017;38(6):¢966—972. doi:10.1097/bcr.0000000000000533
Lavrentieva A, Palmieri T. Determination of cardiovascular
parameters in burn patients using arterial waveform analysis: a
review. Burns. 2011;37(2):196-202. doi:10.1016/j.burns.2010.
09.016

Bak Z, Sjoberg F, Eriksson O, Steinvall I, Janerot-Sjoberg B.
Hemodynamic changes during resuscitation after burns using the
Parkland formula. J Trauma. 2009;66(2):329-336. doi:10.1097/
TA.0b013e318165¢822

Tapking C, Popp D, Herndon DN, et al. Cardiac dysfunction in
severely burned patients: current understanding of etiology, path-
ophysiology, and treatment. Shock. 2020;53(6):669—-678. doi:10.
1097/shk.0000000000001465

Soussi S, Deniau B, Ferry A, et al. Low cardiac index and stroke
volume on admission are associated with poor outcome in
critically ill burn patients: a retrospective cohort study. Ann
Intensive Care. 2016;6(1):87. doi:10.1186/s13613-016-0192-y
Bernard F, Gueugniaud PY, Bertin-Maghit M, Bouchard C,
Vilasco B, Petit P. Prognostic significance of early cardiac index
measurements in severely burned patients. Burns. 1994;20(6):
529-531. doi:10.1016/0305-4179(94)90014-0

Hilton JG, Marullo DS. Effects of thermal trauma on cardiac force
of contraction. Burns Incl Therm Inj. 1986;12(3):167-171. doi:10.
1016/0305-4179(86)90154-3

Suzuki K, Nishina M, Ogino R, Kohama A. Left ventricular con-
tractility and diastolic properties in anesthetized dogs after severe
burns. Am J Physiol. 1991;260(5 Pt 2):H1433-H1442. doi:10.
1152/ajpheart.1991.260.5.H1433

Adams HR, Baxter CR, Izenberg SD. Decreased contractility and
compliance of the left ventricle as complications of thermal
trauma. Am Heart J. 1984;108(6):1477-1487. doi:10.1016/0002-
8703(84)90695-1

Vlachou E, Gosling P, Moiemen NS. Microalbuminuria: a marker
of endothelial dysfunction in thermal injury. Burns. 2006;32(8):
1009-1016. doi:10.1016/j.burns.2006.02.019

Leape IL. Kinetics of burn edema formation in primates. Ann Surg.
1972;176(2):223-226. doi:10.1097/00000658-197208000-00018
Kaddoura I, Abu-Sittah G, Ibrahim A, Karamanoukian R,
Papazian N. Burn injury: review of pathophysiology and therapeu-
tic modalities in major burns. Ann Burns Fire Disasters. 2017,
30(2):95-102.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Demling RH, Mazess RB, Witt RM, Wolberg WH. The study of
burn wound edema using dichromatic absorptiometry. J Trauma.
1978;18(2):124-128. doi:10.1097/00005373-197802000-00009
Lund T, Reed RK. Acute hemodynamic effects of thermal skin
injury in the rat. Circ Shock. 1986;20(2):105-114.

Kruse M, Liesenborghs KE, Josuttis D, et al. Early autocalibrated
arterial waveform analysis for the management of burn shock—A
cohort study. J Intensive Care Med. 2024;39(7):655-664. doi:10.
1177/08850666231224388

AWME. S2k-Leitlinie Behandlung thermischer Verletzungen des
Erwachsenen. August 01, 2018. https:/www.awmf.org/leitlinien/
detail/1/044-001.html

Chiao HY, Chou CY, Tzeng YS, Wang CH, Chen SG, Dai NT.
Goal-directed fluid resuscitation protocol based on arterial wave-
form analysis of major burn patients in a mass burn casualty.
Ann Plast Surg. 2018;80(2S Suppl 1):S21-s25. doi:10.1097/sap.
0000000000001288

Holm C, Mayr M, Tegeler J, et al. A clinical randomized study on
the effects of invasive monitoring on burn shock resuscitation.
Burns. 2004;30(8):798-807. doi:10.1016/j.burns.2004.06.016
Csontos C, Foldi V, Fischer T, Bogar L. Arterial thermodilution in
burn patients suggests a more rapid fluid administration during
carly resuscitation. Acta Anaesthesiol Scand. 2008;52(6):742—
749. doi:10.1111/1.1399-6576.2008.01658.x

Lavrentieva A, Kontakiotis T, Kaimakamis E, Bitzani M.
Evaluation of arterial waveform derived variables for an assess-
ment of volume resuscitation in mechanically ventilated burn
patients. Burns. 2013;39(2):249-254. doi:10.1016/j.burns.2012.
06.004

Sanchez M, Garcia-de-Lorenzo A, Herrero E, et al. A protocol for
resuscitation of severe burn patients guided by transpulmonary
thermodilution and lactate levels: a 3-year prospective cohort
study. Crit Care. 2013;17(4):R176. doi:10.1186/cc12855

Gong Y, Long X, Xu H, Yang X, Guo Q. The changes and prog-
nostic value of liver function in young adults with severe burn:
a retrospective observational study. Medicine (Baltimore). 2018;
97(51):¢13721. doi:10.1097/md.0000000000013721

Pruitt BA J, Mason AD J, Moncrief JA. Hemodynamic changes in
the early postburn patient: the influence of fluid administration and
of a vasodilator (hydralazine). J Trauma. 1971;11(1):36-46.
doi:10.1097/00005373-197101000-00003

Papp A, Uusaro A, Parviainen I, Hartikainen J, Ruokonen E.
Myocardial function and haemodynamics in extensive burn
trauma: evaluation by clinical signs, invasive monitoring, echocar-
diography and cytokine concentrations. A prospective clinical
study. Acta Anaesthesiol Scand. 2003;47(10):1257-1263. doi:10.
1046/j.1399-6576.2003.00235..x

ISBI Practice guidelines for burn care. Burns. 2016;42(5):
953-1021.

Wise ES, Hocking KM, Polcz ME, et al. Hemodynamic parame-
ters in the assessment of fluid status in a porcine hemorrhage
and resuscitation model. Anesthesiology. 2021;134(4):607-616.
doi:10.1097/aln.0000000000003724

Monnet X, Vaquer S, Anguel N, et al. Comparison of pulse
contour analysis by Pulsioflex and Vigileo to measure and track
changes of cardiac output in critically ill patients. Br J Anaesth.
2015;114(2):235-243. doi:10.1093/bja/acu375

Holm C, Melcer B, Horbrand F, Worl HH, von Donnersmarck
GH, Miihlbauer W. Haemodynamic and oxygen transport
responses in survivors and non-survivors following thermal injury.
Burns. 2000;26(1):25-33. doi:10.1016/50305-4179(99)00095-9


http://dx.doi.org/10.1097/00000658-197308000-00020
http://dx.doi.org/10.1097/00000658-197308000-00020
http://dx.doi.org/10.1097/00000658-197308000-00020
http://dx.doi.org/10.1097/aln.0000000000002314
http://dx.doi.org/10.1016/j.bpa.2016.10.004
http://dx.doi.org/10.1097/bcr.0b013e318053d3a1
http://dx.doi.org/10.1097/bcr.0b013e318053d3a1
http://dx.doi.org/10.1097/BCR.0b013e3181e4d732
http://dx.doi.org/10.1097/BCR.0b013e3181e4d732
http://dx.doi.org/10.1097/bcr.0000000000000533
http://dx.doi.org/10.1016/j.burns.2010.09.016
http://dx.doi.org/10.1016/j.burns.2010.09.016
http://dx.doi.org/10.1097/TA.0b013e318165c822
http://dx.doi.org/10.1097/TA.0b013e318165c822
http://dx.doi.org/10.1097/shk.0000000000001465
http://dx.doi.org/10.1097/shk.0000000000001465
http://dx.doi.org/10.1186/s13613-016-0192-y
http://dx.doi.org/10.1186/s13613-016-0192-y
http://dx.doi.org/10.1186/s13613-016-0192-y
http://dx.doi.org/10.1186/s13613-016-0192-y
http://dx.doi.org/10.1016/0305-4179(94)90014-0
http://dx.doi.org/10.1016/0305-4179(94)90014-0
http://dx.doi.org/10.1016/0305-4179(94)90014-0
http://dx.doi.org/10.1016/0305-4179(86)90154-3
http://dx.doi.org/10.1016/0305-4179(86)90154-3
http://dx.doi.org/10.1016/0305-4179(86)90154-3
http://dx.doi.org/10.1016/0305-4179(86)90154-3
http://dx.doi.org/10.1152/ajpheart.1991.260.5.H1433
http://dx.doi.org/10.1152/ajpheart.1991.260.5.H1433
http://dx.doi.org/10.1016/0002-8703(84)90695-1
http://dx.doi.org/10.1016/0002-8703(84)90695-1
http://dx.doi.org/10.1016/0002-8703(84)90695-1
http://dx.doi.org/10.1016/j.burns.2006.02.019
http://dx.doi.org/10.1097/00000658-197208000-00018
http://dx.doi.org/10.1097/00005373-197802000-00009
http://dx.doi.org/10.1097/00005373-197802000-00009
https://doi.org/10.1177/08850666231224388
https://doi.org/10.1177/08850666231224388
https://www.awmf.org/leitlinien/detail/ll/044-001.html
https://www.awmf.org/leitlinien/detail/ll/044-001.html
https://www.awmf.org/leitlinien/detail/ll/044-001.html
http://dx.doi.org/10.1097/sap.0000000000001288
http://dx.doi.org/10.1097/sap.0000000000001288
http://dx.doi.org/10.1016/j.burns.2004.06.016
http://dx.doi.org/10.1111/j.1399-6576.2008.01658.x
http://dx.doi.org/10.1111/j.1399-6576.2008.01658.x
http://dx.doi.org/10.1016/j.burns.2012.06.004
http://dx.doi.org/10.1016/j.burns.2012.06.004
http://dx.doi.org/10.1186/cc12855
http://dx.doi.org/10.1097/md.0000000000013721
http://dx.doi.org/10.1097/00005373-197101000-00003
http://dx.doi.org/10.1097/00005373-197101000-00003
http://dx.doi.org/10.1097/00005373-197101000-00003
http://dx.doi.org/10.1046/j.1399-6576.2003.00235.x
http://dx.doi.org/10.1046/j.1399-6576.2003.00235.x
http://dx.doi.org/10.1046/j.1399-6576.2003.00235.x
http://dx.doi.org/10.1097/aln.0000000000003724
http://dx.doi.org/10.1093/bja/aeu375
http://dx.doi.org/10.1016/s0305-4179(99)00095-9
http://dx.doi.org/10.1016/s0305-4179(99)00095-9
http://dx.doi.org/10.1016/s0305-4179(99)00095-9

Kruse et al

171

36.

37.

38.

Jozwiak M, Monnet X, Teboul JL. Prediction of fluid responsive-
ness in ventilated patients. Ann Transl Med. 2018;6(18):352.
doi:10.21037/atm.2018.05.03

Sanchez JI A, Ruiz JD C, Fernandez JJ D, Zuiiga WF A,
Ospina-Tascon GA, Cruz Martinez LE. Predictors of fluid
responsiveness in critically ill patients mechanically ventilated at
low tidal volumes: systematic review and meta-analysis. 4Ann
Intensive Care. 2021;11(1):28. doi:10.1186/s13613-021-00817-5
Tokarik M, Sjoberg F, Balik M, Pafcuga I, Broz L. Fluid
therapy LiDCO controlled trial-optimization of volume resusci-
tation of extensively burned patients through noninvasive con-
tinuous real-time hemodynamic monitoring LiDCO. J Burn

39.

40.

41.

Care Res. 2013;34(5):537-542. doi:10.1097/BCR.0b013e3182
78197¢

Osler T, Glance LG, Hosmer DW. Simplified estimates of the probabil-
ity of death after bumn injuries: extending and updating the Baux score. J
Trauma. 2010;68(3):690—697. doi:10.1097/TA.0b013e3181c453b3
Tobiasen J, Hiebert JM, Edlich RF. The abbreviated burn severity
index. Ann Emerg Med. 1982;11(5):260-262.

Grensemann J, Defosse JM, Willms M, Schiller U, Wappler F,
Sakka SG. Validation of radial artery-based uncalibrated pulse
contour method (PulsioFlex) in critically ill patients: a observa-
tional study. Eur J Anaesthesiol. 2017;34(11):723-731. doi:10.
1097/ja.0000000000000699


http://dx.doi.org/10.21037/atm.2018.05.03
http://dx.doi.org/10.1186/s13613-021-00817-5
http://dx.doi.org/10.1186/s13613-021-00817-5
http://dx.doi.org/10.1186/s13613-021-00817-5
http://dx.doi.org/10.1186/s13613-021-00817-5
http://dx.doi.org/10.1097/BCR.0b013e318278197e
http://dx.doi.org/10.1097/BCR.0b013e318278197e
http://dx.doi.org/10.1097/TA.0b013e3181c453b3
http://dx.doi.org/10.1097/eja.0000000000000699
http://dx.doi.org/10.1097/eja.0000000000000699

	 Introduction
	 Materials/Methods
	 Patients
	 Statistics

	 Results
	 Discussion
	 Conclusion
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


