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Abstract

Introduction: Static cardiac filling volumes have been suggested to better predict fluid responsiveness than filling
pressures, but this may not apply to hearts with systolic dysfunction and dilatation. We evaluated the relative value
of cardiac filling volume and pressures for predicting and monitoring fluid responsiveness, according to systolic
cardiac function, estimated by global ejection fraction (GEF, normal 25 to 35%) from transpulmonary
thermodilution.

Methods: We studied hypovolemic, mechanically ventilated patients after coronary (n = 18) or major vascular (n = 14)
surgery in the intensive care unit. We evaluated 96 colloid fluid loading events (200 to 600 mL given in three consecutive
30-minute intervals, guided by increases in filling pressures), divided into groups of responding events (fluid
responsiveness) and non-responding events, in patients with low GEF (<20%) or near-normal GEF (>20%). Patients were
monitored by transpulmonary dilution and central venous (n = 9)/pulmonary artery (n = 23) catheters to obtain cardiac
index (Cl), global end-diastolic volume index (GEDVI), central venous (CVP) and pulmonary artery occlusion pressure
(PAOP).

Results: Fluid responsiveness occurred in 8 (=15% increase in Cl) and 17 (=10% increase in Cl) of 36 fluid loading
events when GEF was <20%, and 7 (>15% increase in Cl) and 17 (>10% increase in Cl) of 60 fluid loading events
when GEF was >20%. Whereas a low baseline GEDVI predicted fluid responsiveness particularly when GEF was
>20% (P = 0.002 or lower), a low PAOP was of predictive value particularly when GEF was <20% (P = 0.004 or
lower). The baseline CVP was lower in responding events regardless of GEF. Changes in CVP and PAOP paralleled
changes in Cl particularly when GEF was <20%, whereas changes in GEDVI paralleled Cl regardless of GEF.

Conclusions: Regardless of GEF, CVP may be useful for predicting fluid responsiveness in patients after coronary
and major vascular surgery provided that positive end-expiratory pressure is low. When GEF is low (<20%), PAOP is
more useful than GEDVI for predicting fluid responsiveness, but when GEF is near-normal (>20%) GEDVI is more
useful than PAOP. This favors predicting and monitoring fluid responsiveness by pulmonary artery catheter-derived
filling pressures in surgical patients with systolic left ventricular dysfunction and by transpulmonary thermodilution-
derived GEDVI when systolic left ventricular function is relatively normal.

Introduction

The clinical benefit of various hemodynamic monitor-
ing techniques in the critically ill is still under debate
[1-5]. Static filling volumes, such as the transpulmon-
ary dilution-derived global end-diastolic volume, have
been suggested to better predict fluid responsiveness
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than filling pressures such as the central venous pres-
sure (CVP) or pulmonary artery occlusion pressure
(PAOP) obtained from a pulmonary artery catheter
[6-19]. Most studies, however, often included patients
with relatively normal left ventricular systolic function,
undergoing coronary artery surgery [6-13,15,16,19].
Mundigler et al. suggested that pressures were superior
to transpulmonary thermodilution-derived volumes for
monitoring changes in cardiac preload during fluid
loading in non-surgical patients with left ventricular
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systolic dysfunction, measured by transesophageal
echocardiography [20]. We also suggested this in
patients with presumed left ventricular systolic dys-
function based on transpulmonary thermodilution-
derived global ejection fraction (GEF) following valvu-
lar surgery [21]. However, others did not reach the
same conclusion [14,17]. Nevertheless, according to
Laplace’s Law, pressures and volumes may both contri-
bute to end-diastolic wall stress as a true measure of
cardiac preload. Based on the curvilinear left ventricu-
lar pressure-volume relationship at end-diastole,
volumes may increase more than pressures with fluid
loading at low cardiac filling, while at higher cardiac
filling, pressures may increase more than volumes [5].
At low cardiac filling, volumes may thus better predict
fluid responsiveness than pressures, while in hearts
with systolic dysfunction and dilatation, pressures may
better predict and monitor fluid responsiveness than
volumes [5,22].

We hypothesized that during fluid loading in patients
with reduced systolic cardiac function as compared to
those with normal function, filling pressures may be
superior to filling volumes (that is, global end-diastolic
volume, GEDV) for predicting and monitoring of fluid
responsiveness, and vice versa. We thus measured pro-
spectively cardiac filling pressures and volumes in hypo-
volemic patients following cardiovascular and major
vascular surgery, using the pulmonary artery catheter
and transpulmonary thermodilution technique, prior to,
during and following colloid fluid loading.

Materials and methods

This is a substudy of a prospective, non-randomized, sin-
gle-center clinical trial, investigating the volume expand-
ing effects of various resuscitation fluids [23]. The study
was approved by the Ethics Committee of the Vrije Uni-
versiteit Medical Center. Written informed consent was
obtained pre-operatively. We analyzed the effect of col-
loid fluid loading in patients who had undergone coron-
ary artery (n = 18) or major vascular surgery (n = 14).
Colloid fluid loading was given with modified fluid gela-
tin 4%, hydroxyethyl starch (HES) 6% or albumin 5%, all
of which have similar oncotic properties and hemody-
namic responses [23]. We only analyzed patients who
completed fluid loading and measurements up to t = 90
minutes. Inclusion criteria, at enrollment and start of the
protocol, were presumed hypovolemia, defined as a systo-
lic blood pressure <110 mmHg and reduced filling pres-
sures: PAOP <13 mmHg (in the presence of a pulmonary
artery catheter) or CVP <12 mmHg. Exclusion criteria
were age >75 year, preterminal illness with a life expec-
tancy of less than 24 hours, or known anaphylactic reac-
tions to colloids. All peri-operative care was given by
attending physicians who were not involved in the study.
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Study protocol

The protocol was started upon arrival of the patients in
the intensive care unit (ICU). Demographic characteris-
tics were recorded, including the Acute Physiology And
Chronic Health Evaluation II (APACHE-II) score and
transesophageal echocardiographic findings prior to sur-
gery. At baseline (t = 0 minute), hemodynamic measure-
ments were performed. Heart rate (HR) and mean
arterial pressure (MAP) from a radial artery were
recorded at t = 0 and 90 minutes. The HR was taken
from the continuously recorded electrocardiogram. The
mean pulmonary artery pressure (MPAP) was measured
at t = 0 and 90 minutes. Cardiac output, GEDV, CVP and
PAOP were measured every 30 minutes, from t = 0 to 90
minutes. Pressures were measured with patients in the
supine position after calibration, zeroing to atmospheric
pressure and, for PAOP, after proper wedging, at the
midchest level at end-expiration (Tramscope®, Mar-
quette, GE, Milwaukee, WI, USA). For the measurements
of cardiac output and GEDV, the transpulmonary ther-
mal-dye indicator dilution technique was used [1,6].
These measurements involve a central venous injection
of 15 mL of ice-cold indocyanine green in 5% glucose
solution and concomitant registration of the dilution
curves in the femoral artery, by a 3F catheter equipped
with a thermistor (PV 2024, Pulsion Medical Systems,
Munich, Germany). This catheter was inserted at the end
of surgery via a 4F introducing sheath (Arrow Interna-
tional, Inc., Reading, PA, USA) and connected to a bed-
side computer (COLD Z-021, Pulsion Medical Systems,
Munich, Germany. The COLD Z-021 is the precursor to
the current pulse contour cardiac output (PiCCO™)
technique. GEDV represents the volumes of the right and
left heart at end-diastole and reflects left ventricular
dimensions obtained by echocardiography in the absence
of overt right ventricular distention [7,12-17]. The ratio
between stroke volume and global end-diastolic volume/
4 is defined as the global ejection fraction (GEF, normal
values 25 to 35%), and is an indicator of left ventricular
systolic function, provided that there is no right ventricu-
lar dysfunction [24,25]. Reproducibility of these measure-
ments is typically within 10% [1]. After baseline
measurements were taken, fluids were given over 90 min-
utes on the basis of the response within predefined limits
of increases in pressures (CVP or - when available -
PAOP), according to a previously described protocol
[23,26,27]. Up to 200 mL of fluid were given every
10 minutes, provided that the increase in filling pressures
with the fluid loading did not exceed critical values, and
this policy has been proven safe in previous studies (that
is, not evoking pulmonary edema) [23,26,27]. The maxi-
mum amount of fluid infused was 1,800 mL. Concomi-
tant vasoactive and sedative drug treatment and
ventilatory settings remained unchanged during fluid
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loading. Indeed, all patients received volume-controlled
mechanical ventilation and positive end-expiratory pres-
sure (PEEP). Drainage of blood was <50 mL/hour in all
patients, and no patient underwent repeated surgery for
bleeding within 12 hours post surgery.

Statistical analysis

The groups to be analyzed were divided into low GEF
(<20%) and near-normal GEF (>20%). The cutoff of 20%
approximately reflects a cutoff of 40% ejection fraction of
the left ventricle, the lower limit of normal, as measured
by echocardiography, provided that there is no right ven-
tricular dysfunction [24,25]. We also analyzed data
according to a cutoff of 15%. Stroke volume, cardiac out-
put and global end-diastolic volume were indexed to
body surface area (BSA), giving stroke volume index
(SVI, mL/m?), cardiac index (CI, L/minute/m?) and
global end-diastolic volume index (GEDVI, n 680 to
800 mL/m?), respectively. Cardiac distensibility was
determined as the surrogate for cardiac compliance and
was calculated by GEDVI/(CVP + PAOP)/2 (mL/m?/
mmHg), or GEDVI/CVP if PAOP was not available [28].
Fluid responsiveness was defined as an increase of CI or
SVI 210% or =15%, in accordance with the literature
[4,9,17], between t = 0 to 30, t = 30 to 60 and t = 60 to
90 minutes during fluid loading. For categorical data, X*
and Fisher exact tests were used. Since continuous data
were normally distributed (Kolmogorov-Smirnov test,
P > 0.05), they were summarized by mean + standard
deviation (SD) and parametric tests were done. Paired
and unpaired t-tests were used to compare data in time
and between GEF groups (for Table 1). Generalized esti-
mating equations (GEE) were used to evaluate differences
in baseline and changes in variables between summated
responding and non-responding fluid loading events in
each GEF group (for Table 2), to evaluate their predictive
and monitoring values, respectively, taking repeated mea-
surements in the same patients into account, with the
amount and type of fluid infused entered as covariates to
adjust for potential confounding. Partial correlation coef-
ficients (r), adjusted for repeated measurements by enter-
ing patient number and for type and amount of fluids as
covariates were calculated. Coefficients were compared
after z transformation. Receiver operating characteristic
curves (ROC) plotting sensitivity against 1-specificity
were constructed to evaluate the predictors of fluid
responsiveness by the areas under the curve (AUC, with
95% confidence intervals) for pooled data, in the absence
of accepted methods to adjust for repeated measure-
ments, and were compared with each other. Optimum
cutoff values with associated combinations of highest
sensitivity and specificity were calculated (MedCalc Soft-
ware, Mariakerke, Belgium). Exact two-sided P-values >
0.001 are given and considered statistically significant
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when <0.05. All analyses were conducted using SPSS ver-
sion 15.0 (SPSS Inc, Chicago, IIl, USA).

Results

Table 1 summarizes the demographic, hemodynamic
and respiratory characteristics of patients. Patients
underwent coronary artery or major vascular surgery (in
three cases on the distal thoracic aorta). Surgery was
uneventful in all patients. The table shows the differ-
ences between patient groups with a GEF <20% and
>20% and the changes with fluid loading. There was no
difference in the amount and type of fluids infused and
fluid balances between the GEF groups. GEF did not
change during fluid loading. Baseline GEDVI was higher
when GEF was <20% than >20% suggesting cardiac dila-
tation. Preoperative echocardiography did not document
severe right ventricular dysfunction and dilatation in any
patient. There was no postoperative pulmonary hyper-
tension and MPAP was 28 mmHg at maximum in one
patient. Indeed, MPAP at t = 90 minutes in the low
GEF group was 23 + 7 and 25 + 2 mmHg and in the
near-normal GEF group 21 + 4 and 22 + 4 mmHg, in
responders and non-responders, respectively (GEE: P =
0.44 for response, P = 0.99 for GEF). Similarly, the MAP
at t = 90 minutes in the low GEF group was 95 + 16
and 86 + 25 mmHg and in the near-normal GEF group
83 + 7 and 85 + 12 mmHg, in responders and non-
responders, respectively (GEE: P = 0.52 for response,
P = 0.98 for GEF).

Fluid loading events

Among the 96 fluid loading events, the proportion of
responding events (increase in CI 210%) decreased from
t = 0 to 90 minutes (P = 0.031). The amount infused was
somewhat lower in non-responding than in responding
events when GEF was low (<20%), (Table 2). Baseline CI
was lower in responding events, regardless of GEF and
cutoff percentage of fluid responsiveness. When GEF was
low, baseline CVP and PAOP were lower for responding
events (210% increase in CI) while baseline GEDVI did
not differ from that in non-responding events, irrespec-
tive of the amount and type of fluids. When GEF was
near-normal (>20%), baseline GEDVI and CVP were
lower for responding events (>10% increase in CI), while
baseline PAOP did not differ from that in non-respond-
ing events. Similar results were obtained for a GEF cutoff
of 15% (Table S1 in Additional file 1).

For fluid responsiveness defined as an increase in CI
>15%: only baseline PAOP and not CVP predicted fluid
responsiveness in the low GEF group (Table S2 in Addi-
tional file 1). In contrast, GEDVI particularly predicted
fluid responsiveness when GEF was near-normal.
Changes in GEDVI paralleled CI responses in both GEF
groups, while changes in CVP paralleled CI responses
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Table 1 Patient characteristics
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GEF <20% (n = 12) GEF =20% (n = 20) P-value
Demographic variables
Age 66 + 7 61 +7 0.082
Male/female 9/3 16/4 1.000
APACHE Il 9+4 9+3 0.690
Coronary artery/major vascular surgery 5/7 13/7 0.2777
CPB yes/no 4/1 9/4 0.648
time of CPB, minute 97 +72 78 + 58 0.564
Echocardiography (LVEF before surgery) good (>40%)/poor (<40%) 3/9 16/4 1.000
Hemodynamic and respiratory variables
HR, b/minute
T=0 75 £ 11 68 £ 12 0.112
T=90 72 +12 72 + 14 0.101 (for increase)
MAP, mmHg
T=0 85+ 15 74 +£12 0.034
T=90 92 + 19 84 + 10° 0.608 (for increase)
CVP, mmHg
T=0 0.047
T=30 na.
T=260 na.
T=9 8 + 2’ + 2 0813 (for increase)
MPAP, mmHg
T=0 17+6 15 0.260
T=90 2+35° 21+ 4 0627 (for increase)
PAOP, mmHg
T=0 6+3 7 0477
T=30 9+2 9 na.
T =60 1M=+3 10 n.a.
T=90 12 +2° 1 +2° 0.037 (for increase)
GEDVI, mL/m?
T=0 1,049 + 247 830 £ 195 0.009
T=30 1,132 + 360 840 + 174 n.a.
T =60 1,170 + 387 857 + 171 n.a.
T=90 1,220 + 476 861 + 189 0.089 (for increase)
SVI, mL/m?
T=0 42 +£10 52+12 0.022
T=90 47 +9° 56 + 14° 0.030 (for increase)
dl, mb/m?
T=0 31 +£07 34+ 06 0.170
T=30 35+07 3.7 +07 n.a.
T=60 37 +09 39+08 na.
T=90 39+ 09° 39+ 06° 0.101 (for increase)
GEF, %
T=0 25+5 na.
T=90 + 26 £ 4 na.
Distensibility, mL/m?/mmHg
T=0 241 + 167 229 + 124 0.830
T=090 132 + 64 124 + 60° 0.910 (for decrease)
PEEP, cmH,0O
T=0 75120 6.7 £27 0.385
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Table 1 Patient characteristics (Continued)
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Fluid infused, mL
Gelatin/HES/albumin
Fluid balance, mL

1,466 + 296 1,585 £ 291 0.300
2/3/7 5/8/7 0436
1,001 + 334 1,034 £ 497 0.839

Mean + SD. APACHE II, Acute Physiology And Chronic Health Evaluation II; Cl, cardiac index; CPB, cardiopulmonary bypass; CVP, central venous pressure; GEDVI,
global end-diastolic volume index; GEF, global ejection fraction; HES, hydroxyethyl starch; HR, heart rate; LV, left ventricular; LVEF, left ventricular ejection fraction;
MAP, mean arterial pressure; MPAP, mean pulmonary artery pressure; PAOP, pulmonary artery occlusion pressure; PEEP, positive end-expiratory pressure. t = 0
and 90 min: prior to and at completion of fluid loading; 'P < 0.05; P = 0.001; 3P < 0.001; P = 0.017; °P = 0.007 vs. t = 0; n.a,, not applicable.

only in the low GEF group. Changes in PAOP particu-
larly paralleled responses in CI when GEF was low.

Correlations

For the low GEF group, baseline PAOP and CVP inver-
sely correlated to changes in CI, irrespective of amount
and type of fluids (r = -0.57 and -0.44, P = 0.008 and
0.010, respectively; Figure 1). In the near-normal GEF
group, only baseline CVP inversely correlated to CI
changes (r = -0.35, P = 0.009) and PAOP did not (Figure
2). Baseline GEDVI inversely correlated to changes in CI
in the near-normal GEF group (r = -0.29, P = 0.03;
Figure 3). Changes in CI were paralleled by changes in

GEDVI (r = 0.74, P < 0.001) in the low GEF group.
Changes in CI correlated to changes in both CVP and
GEDVI in the near-normal GEF group (r = 0.36 and r =
0.72, P = 0.007 and <0.001, respectively). Changes in
PAOP correlated better to CVP in the near-normal GEF
group (r = 0.67, P < 0.001) than in the low GEF group
(r = 0.21, P = 0.404).

Predictors of fluid responsiveness in ROC curves

In the near-normal GEF group, baseline GEDVI and
CVP predicted fluid responsiveness (increase in both CI
>10% and >15%), while in the low GEF group baseline
PAOP and CVP had predictive value (Table 3). This

Table 2 Summated fluid loading responsiveness (=10% increase in cardiac index) when global ejection fraction is

<20% or =220%

GEF <20% (n = 12)

GEF = 20% (n = 20)

Responder (n = 17 Non-responder (n = 19  P-value Responder (n = 17 Non-responder (n = 43  P-value
steps in 10 patients) steps in 11 patients) steps in 14 patients) steps in 20 patients)
cl, Uminute/m’
baseline 33+09 36 £08 0.095 33+£05 38+08 0.028
after 39+08 36 £08 39+07 38+£0.7
change 06 £ 0.1 00 £ 0.1 na. 0.6 £ 06 00+£03 na.
GEDVI, mL/m’
baseline 1123 £ 422 1,111 £ 234 0.506 754 + 176 877 + 167 0.011
after 1,254 £ 518 1,102 £ 246 812 + 163 869 + 179
change 130 + 175 -8+ 73 <0.001 58 + 63 -8+ 62 0.003
CVP, mmHg
baseline 5 0.004 0.027
After 6+ + +
change 1+ + 0.013 + + 0468
PAOP, mmHg
baseline 8+3 11 0.003 8+2 9+3 0.150
after 10£2 13 + 10+£3 11 +3
change 2+1 1+£2 0.083 1+1 1+£2 0.563
Fluid input per 541 + 100 442 £ 135 0.019 541 + 123 523 + 113 0377
step, mL
Mean + SD.

Cl, cardiac index; CVP, central venous pressure; GEDVI, global end diastolic volume index; GEF, global ejection fraction; n.a., not applicable; NR, non-responding
fluid loading step; PAOP, pulmonary artery occlusion pressure: n = 13, n = 10, n = 11 and n = 21, in R and NR at GEF <20% and >20%, respectively; R,
responding fluid loading step (=10% increase in Cl). P-values adjusted for amount and type of fluid.
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Figure 1 Baseline filling pressures (PAOP, CVP) versus change in cardiac index (Cl) when global ejection fraction (GEF) is low (<20%):
r =-0.57, P = 0.008 and r = -0.44, P = 0.010, respectively.

table also shows the optimum cutoff values and asso-
ciated sensitivities and specificities for fluid responsive-
ness. Table S3 in Additional file 1 shows identical
results for cutoffs of SVI responses (0 to 90 minutes)
rather than of CI responses.

Discussion

Our study suggests that in patients after coronary and
major vascular surgery the predictive value of cardiac
filling pressures and volumes for fluid responsiveness
depends on GEF, as calculated by transpulmonary dilu-
tion-derived parameters.

In patients with low GEF indicating systolic cardiac
dysfunction, PAOP has a greater predictive value than
GEDVI for fluid responsiveness, whereas in patients
with near-normal GEF, GEDVI is superior to PAOP.
This suggests the increasing value of filling pressures
over volumes for predicting fluid responsiveness in
patients with left ventricular systolic dysfunction.
Indeed, the suggestion that a low GEF reflects systolic
dysfunction of the left ventricle is supported by the fact
that changes in PAOP did not correlate with changes in
CVP, as reported by others [29-31]. Furthermore, our

data suggest that PAOP relates to systolic and not to
diastolic function since distensibility did not differ
between the low and near-normal GEF groups, both
prior to and after fluid loading. There was no sign of
pulmonary hypertension or difference in MPAP accord-
ing to fluid responses, thus diminishing the likelihood
for right ventricular dysfunction confounding GEDVI as
a reflection of left ventricular end-diastolic volume.
Hence, the low GEF was likely caused by postoperative
left ventricular dysfunction, as the preoperative echocar-
diographic left ventricular function did not differ among
GEF groups. Hence, the greater predictive value of
PAOP than of CVP, according to GEF, can be explained
by greater effect of left than of right ventricular loading
on fluid responsiveness, although we did not directly
assess postoperative biventricular function, for instance,
by echo. Conversely, the predictive value of CVP for
fluid responsiveness regardless of GEF may indicate the
importance of venous return for augmenting cardiac
output, rather than right ventricular dysfunction follow-
ing increased afterload limiting a rise in cardiac output
with fluids when CVP is relatively high as suggested
recently [32]. Finally, the similar course of MAP



Trof et al. Critical Care 2011, 15:R73
http://ccforum.com/content/15/1/R73

Page 7 of 11

N
100
)
75
X
. 50
o
£
S
c [ ]
©
25—
'5 ° O =
. ° o E‘ g O
oo B o G9eD S 045
g3 =
. Dede H 88 OO
° e g s ¢ O E
° O =
g O
GEF220%
® CVP
-25 O O PCwWP
T T T T T
0 5 10 15 20
baseline filling pressure, mmHg
Figure 2 filling pressures (PAOP, CVP) versus change in cardiac index (Cl) when global ejection fraction (GEF) is near-normal (=20%):
r =-0.01, P = 0.951 and r = -0.35, P = 0.009, respectively Baseline. For difference between r. P = 0.023.

according to fluid responses disfavors alterations in sys-
temic vascular tone confounding the effect of preload
augmentation and its assessment during fluid loading.
The frequency of fluid responsiveness generally agrees
with the literature, utilizing various loading protocols,
and also involving variable amounts of fluid, in cardiac
surgery patients [9,10,12,14-17,19,20]. That both CVP
and PAOP were of predictive and monitoring value in
our study can be attributed in part to the fact that a rela-
tively low PEEP was applied, so that atmospheric pres-
sure-referenced filling pressures may have approached
transmural values. That fluid responsiveness was not uni-
formly observed in spite of clinical signs of hypovolemia
can be attributed to the relatively poor predictive value of
the latter, as commonly described [33]. Our study does
not address the effect of mathematical coupling of
GEDVI to CI, when volumes are derived from the same
transpulmonary dilution curve as cardiac output. The
often observed superiority of cardiac volumes over filling
pressures in predicting and monitoring cardiac output
responses, that is, fluid responsiveness, may indeed be
overestimated by the phenomenon, as recently described
by our group also [1,6-8,10-16,18,19,27]. In hearts with

systolic dysfunction and dilatation, a right- and down-
ward shift on the Frank-Starling curve and along the cur-
vilinear pressure-volume relationship at end-diastole,
preload recruitability may be more dependent on and
thus predicted and monitored by pressures than by
volumes [5,22]. Indeed, GEDVI was higher in patients
with a low versus a near-normal GEF, suggesting cardiac
dilatation. Cardiac distensibility did not differ among
GEF groups, favoring a similar position of the diastolic
pressure-volume relation and diastolic function. Our
data, obtained in surgical patients, thus confirms the
Mundigler et al. data in non-surgical patients with
reduced left ventricular systolic function due to dilated
and ischemic cardiomyopathy [20]. The authors showed
that in patients with left ventricular systolic dysfunction,
the value of transpulmonary thermodilution-derived total
end-diastolic volume is particularly insensitive for moni-
toring the effects of fluid administration on cardiac pre-
load when compared to filling pressures. On the other
hand, in patients with normal left ventricular systolic
function, volumes and pressures were of equal value [20].

Reuter et al. and Preisman et al. [14,17] did not
observe different monitoring values of filling volumes or
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Figure 3 Baseline global end-diastolic volume (GEDVI) versus change in cardiac index (Cl) according to global ejection fraction (GEF).
In >20% GEF group r = -0.29, P = 0.03, in <20% GEF group r = 0.17, P = 0.33. For difference between r. P = 0.048.

pressures according to left ventricular ejection fraction
and this can be attributed, in part, to the small number
of patients in their studies and their (varying) definitions
of left ventricular systolic dysfunction (ejection fraction
<35% in the former and <40% in the latter). Neverthe-
less, the trend was for the increasing value of pressure
monitoring in patients with low versus those with nor-
mal GEF in the study by Reuter et al. [14]. The current
data also agree with our previous study in a cohort of
valvular and coronary artery surgery patients [21], show-
ing the superior value of the pulmonary artery catheter-
derived pressures over transpulmonary dilution-derived
volumes for assessing fluid responsiveness in the former
with a low GEF and presumed left ventricular systolic
dysfunction. The current study thus suggests that systo-
lic cardiac function and the degree of cardiac dilatation,
rather than underlying disease (type of surgery), deter-
mines the relative value of pressures and volumes for
predicting and monitoring fluid responsiveness, as sug-
gested previously [5].

Our study has some limitations. Since our analyses
adjusted for amount and type of fluids, it is unlikely
that small differences in the amounts of fluids (mean

100 mL when GEF was <20%, for instance) rather than
differences in cardiac preloading, were responsible for
different increases in CI (of 0.6 L/minute/m? when
GEF was <20%) in responding versus non-responding
fluid loading events. The fluid loading protocol guided
by changes in filling pressures was used to prevent
deleterious fluid overloading rather than to guide treat-
ment on the basis of fluid responsiveness, as recently
advocated to ensure safety [23,26,27]. By virtue of its
design, the study did not address the potential clinical
benefits of one hemodynamic monitoring technique
over the other. Although our results were obtained by
thermal-dye dilution, the current standard is single
transpulmonary thermodilution (PiCCO™ technique)
[10,34], because double and single dilution methods
yield similar values for GEDVI. Hence, our results
should also be applied to single transpulmonary ther-
modilution. Although dynamic indices (for example,
pulse pressure or stroke volume variation) are better
predictors of fluid responsiveness (provided that they
are interpreted properly) [32,33], we did not include
these indices, since the aim was to study the value of
static cardiac preload indicators. That static filling
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Table 3 Areas under the receiver operating characteristic curve (95% confidence intervals) for prediction of fluid
responsiveness (increase in cardiac index =10% (A) or 215% (B)) by baseline values, according to global ejection

fraction
GEF <20% (n = 12) GEF =20% (n = 20)

AUC P-value Cutoff AUC P-value Cutoff
A
GEDVI 0.56 (0.39 to 0.73) 0511 902 0.72 (0.58 to 0.83) 0.002 890
CvpP 0.76 (0.59 to 0.88) 0.001 6 0.73 (0.60 to 0.84) <0.001 2
PAOP 0.79 (0.57 to 0.93) 0.004 10 0.65 (046 to 0.81) 0.129 9
B
GEDVI 062 (044 to 0.77) 033 1279 0.89 (0.78 to 0.95) <0.001 623
CvpP 0.77 (0.60 to 0.89) 0.002 5 0.73 (060 to 0.84) 0013 4
PAOP 0.84 (0.63 to 0.96) <0.001 9 050 (0.32 to 0.69)* 0.98* 9

CVP, central venous pressure, mm Hg; GEDVI, global end diastolic volume index, mL/m?; GEF, global ejection fraction; PAOP, pulmonary artery occlusion pressure,

mm Hg.

*P = 0.008 vs. AUC GEDVI; for A and low GEF: PAOP sensitivity 92%, specificity 60%, positive predictive value 75%, negative predictive value 86%; for normal GEF:
GEDVI sensitivity 82%, specificity 56%, positive predictive value 42%, negative predictive value 89%; for B and low GEF: PAOP sensitivity 86%, specificity 69%,
positive predictive value 55%, negative predictive value 92%; for normal GEF: GEDVI sensitivity 71%, specificity 94%, positive predictive value 63%, negative

predictive value 93%.

pressures were of predictive value for fluid responsive-
ness in our study can be explained by the low PEEP
used in our patients, and this may not apply when
higher PEEP is needed. Finally, predictors and moni-
tors of fluid responsiveness were independent of the
definition of the latter, even though most commonly
CI responses >10% are used [33].

Conclusions

Our study suggests that, after coronary artery and major
vascular surgery, prediction and monitoring of fluid
responsiveness by pressures or transpulmonary thermo-
dilution-derived volumes depends on systolic cardiac
function and the degree of cardiac dilatation. Whereas
CVP may be useful for predicting fluid responsiveness
in patients after coronary and major vascular surgery
regardless of GEF, GEDVI is less and PAOP is more
useful for predicting fluid responsiveness when GEF is
low than when it is near-normal, respectively, provided
that positive end-expiratory pressure is low. In practice,
our data may imply use of the pulmonary artery catheter
and derived filling pressures in hemodynamic monitor-
ing of patients with impaired left ventricular systolic
function and dilatation, and use of transpulmonary ther-
modilution and derived filling volumes in cases of rela-
tively normal left ventricular systolic function. This may
help in refining fluid therapy and preventing harmful
fluid overloading.

Key messages
« In patients after coronary artery or major vascular
surgery, the relative predictive value of filling pres-
sures and volumes for fluid responsiveness depends

on left ventricular systolic function as measured by
GEF

+ Whereas, CVP may be useful for predicting fluid
responsiveness regardless of GEF, in patients with
low GEF, PAOP has a greater predictive value than
GEDVI for fluid responsiveness

+ In patients with near-normal GEF, GEDVI is
superior to PAOP for predicting fluid responsiveness
+ This study argues in favor of using pulmonary
artery catheter-derived filling pressures in hemody-
namic monitoring of patients with impaired left ven-
tricular systolic function and of using transpulmonary
thermodilution-derived volumes in relatively normal
left ventricular systolic function

Additional material

Additional file 1: Supplementary Tables. Table S1. Summated fluid
loading responsiveness, defined as >10% increase in cardiac index, when
global ejection fraction (GEF) is <15% or >15%. Table S2. Summated
fluid loading responsiveness, defined as >15% increase in cardiac index,
when global ejection fraction (GEF) is <20% or >20%. Table S3. Areas
under the receiver operating characteristic curve (AUCs, 95% confidence
intervals) for prediction of fluid responsiveness (increase in SVI >10%
from t = 0 to 90 minutes (A) or >15% (B)) by baseline values at t = 0,
according to global ejection fraction (GEF).

Abbreviations

APACHE-II score: Acute Physiology and Chronic Health Evaluation Il score;
AUC: areas under the curve; BSA: body surface area; Cl: cardiac index; CVP:
central venous pressure; GEDVI: global end-diastolic volume index; GEF:
global ejection fraction; HES: hydroxyethyl starch; HR: heart rate; MAP: mean
arterial pressure; PAC: pulmonary artery catheter; PAOP: pulmonary artery
occlusion pressure; PEEP: positive end-expiratory pressure; PiCCO: pulse
contour cardiac output; ROC: receiver operating characteristic curves; SI:
stroke volume index; SD: standard deviation; SVI: stroke volume index.


http://www.biomedcentral.com/content/supplementary/cc10062-S1.DOC

Trof et al. Critical Care 2011, 15:R73
http://ccforum.com/content/15/1/R73

Acknowledgements
We thank Joanne Verheij for collecting the data.

Author details

"Wrije Universiteit Medical Centre, Department of Intensive Care, De
Boelelaan 1117, 1081 HV Amsterdam, The Netherlands. “Medisch Spectrum
Twente, Department of Intensive Care, Haaksbergerstraat 55, 7513 ER
Enschede, The Netherlands.

Authors’ contributions

RT analyzed and interpreted the data, and drafted and revised the article. ID,
MR and AG conceived the protocol of the study, and analyzed and
interpreted the data. RB facilitated the accomplishment of the study. AG
drafted and revised the article. All authors gave their final approval of this
version to be published.

Competing interests
The authors declare that they have no competing interests.

Received: 27 July 2010 Revised: 1 February 2011
Accepted: 25 February 2011 Published: 25 February 2011

References

1. Godje O, Peyerl M, Seebauer T, Dewald O, Reichart B: Reproducibility of
double indicator dilution measurements of intrathoracic blood volume
compartments, extravascular lung water, and liver function. Chest 1998,
113:1070-1077.

2. Harvey S, Young D, Brampton W, Cooper AB, Doig G, Sibbald W, Rowan K:
Pulmonary artery catheters for adult patients in intensive care. Cochrane
Database Syst Rev 2006, 3:CD003408.

3. Magder S: Central venous pressure: a useful but not so simple
measurement. Crit Care Med 2006, 34:2224-2227.

4. Marik PE, Baram M, Vahid B: Does central venous pressure predict fluid
responsiveness? A systematic review of the literature and the tale of
seven mares. Chest 2008, 134:172-178.

5. Breukers RM, Trof RJ, Groeneveld AB: Cardiac filling volumes and pressure
in assessing preload responsiveness during fluid challenges. In Yearbook
of Intensive Care and Emergency Medicine. Edited by: Vincent J-L. Springer,
Berlin, Germany; 2009:265-275.

6. Godje O, Peyerl M, Seebauer T, Lamm P, Mair H, Reichart B: Central venous
pressure and intrathoracic blood volumes as preload indicators in
cardiac surgery patients. Eur J Cardiothorac Surg 1998, 13:533-639.

7. Hinder F, Poelaert JI, Schmidt C, Hoeft A, Mollhoff T, Loick HM, Van Aken H:
Assessment of cardiovascular volume status by transoesophageal
echocardiography and dye dilution during cardiac surgery. Eur J
Anaesthesiol 1998, 15:633-640.

8. Fontes ML, Bellows W, Ngo L, Mangano DT: Assessment of ventricular
function in critically ill patients: limitations of pulmonary artery
catheterization. J Cardiovasc Vasc Anesth 1999, 13:521-527.

9. Tousignant CP, Walsh F, Mazer CD: The use of transesophageal
echocardiography for preload assessment in critically ill patients. Anesth
Analg 2000, 90:351-355.

10.  Wiesenack C, Prasser C, Keyl C, Rodig G: Assessment of intrathoracic blood
volume as an indicator of cardiac preload: single transpulmonary
thermodilution technique versus assessment of pressure preload
parameters derived from the pulmonary artery catheter. J Cardiothorac
Vasc Anesth 2001, 15:584-588.

11. Brock H, Gabriel C, Bibl D, Necek S: Monitoring intravascular volumes for
postoperative volume therapy. Eur J Anaesthesiol 2002, 19:288-294.

12. Reuter DA, Felbinger TW, Schmidt C, Kilger E, Goedje O, Lamm P, Goetz AE:
Stroke volume variations for assessment of cardiac responsiveness to
volume loading in mechanically ventilated patients after cardiac surgery.
Intensive Care Med 2002, 28:392-398.

13. Rex S, Brose S, Metzelder S, Hiineke R, Schélte G, Autschbach R, Rossaint R,
Buhre W: Prediction of fluid responsiveness in patients during cardiac
surgery. Br J Anaesth 2004, 93:782-788.

14.  Reuter DA, Kirchner A, Felbinger TW, Weis FC, Kilger E, Lamm P, Goetz AE:
Usefulness of left ventricular stroke volume variation to assess fluid
responsiveness in patients with reduced cardiac function. Crit Care Med
2003, 31:1399-1404.

20.

21,

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Page 10 of 11

Hofer CK, Furrer L, Matter-Ensner S, Maloigne M, Klaghofer R, Genoni H,
Zollinger A: Volumetric preload measurement by thermodilution: a
comparison with transoesophageal echocardiography. Br J Anaesth 2005,
94:748-755.

Hofer CK, Miller SM, Furrer L, Klaghofer R, Genoni M, Zollinger A: Stroke
volume and pulse pressure variation for prediction of fluid
responsiveness in patients undergoing off-pump coronary artery bypass
grafting. Chest 2005, 128:848-854.

Preisman S, Kogan S, Berkenstadt H, Perel A: Predicting fluid
responsiveness in patients undergoing cardiac surgery: functional
haemodynamic parameters including the respiratory systolic variation
test and static preload parameters. Br J Anaesth 2005, 95:746-755.
Osman D, Ridel C, Ray P, Monnet X, Anguel N, Richard C, Teboul JL:
Cardiac filling pressures are not appropriate to predict hemodynamic
response to volume challenge. Crit Care Med 2007, 35:64-68.

Breukers RM, de Wilde RB, van den Berg PC, Jansen JR, Faes TJ, Twisk JW,
Groeneveld AB: Assessing fluid responses after coronary surgery: role of
mathematical coupling of global end-diastolic volume to cardiac output
measured by transpulmonary thermodilution. Fur J Anaesthesiol 2009,
26:954-960.

Mundigler G, Heinze G, Zehetgruber M, Gabriel H, Siostrzonek P:
Limitations of the transpulmonary indicator dilution method for
assessment of preload changes in critically ill patients with reduced left
ventricular function. Crit Care Med 2000, 29:2231-2237.

Breukers RM, Trof RJ, de Wilde RB, van den Berg PC, Twisk JW, Jansen JR,
Groeneveld AB: Relative value of pressures and volumes in assessing
fluid responsiveness after valvular and coronary artery surgery. Eur J
Cardiothorac Surg 2009, 35:62-68.

Cheung AT, Savino JS, Weiss SJ, Aukburg SJ, Berlin JA: Echocardiographic
and hemodynamic indexes of left ventricular preload in patients with
normal and abnormal ventricular function. Anesthesiology 1994,
81:376-387.

Verheij J, Van Lingen A, Beishuizen A, Christiaans HM, de Jong JR,

Girbes AR, Wisselink W, Rauwerda JA, Huybregts HA, Groeneveld AB:
Cardiac response is greater for colloid than saline fluid loading after
cardiac or vascular surgery. Intensive Care Med 2006, 32:1030-1038.
Combes A, Berneau J-B, Luyt C-E, Trouillet J-L: Estimation of left ventricular
systolic function by single transpulmonary thermodilution. Intensive Care
Med 2004, 30:1377-1383.

Jabot J, Monnet X, Bouchra L, Chemla D, Richard C, Teboul J-L: Cardiac
function index provided by transpulmonary thermodilution behaves as
an indicator of left ventricular systolic function. Crit Care Med 2009,
37:2913-2918.

Vincent J-L, Weil MH: Fluid challenge revisited. Crit Care Med 2006,
34:1333-1337.

Verheij J, van Lingen A, Raijmakers PG, Rijnsburger ER, Veerman DP,
Wisselink W, Girbes AR, Groeneveld AB: Effect of fluid loading with saline
or colloids on pulmonary permeability, oedema and lung injury after
cardiac and major vascular surgery. Br J Anaesth 2006, 96:21-30.

Paulus WJ, Tschope C, Sanderson JE, Rusconi C, Flachskampf FA,
Rademakers FE, Marino P, Smiseth OA, De Keulenaer G, Leite-Moreira AF,
Borbély A, Edes |, Handoko ML, Heymans S, Pezzali N, Pieske B, Dickstein K,
Fraser AG, Brutsaert DL: How to diagnose diastolic heart failure: a
consensus statement on the diagnosis of heart failure with normal left
ventricular ejection fraction by the Heart Failure and Echocardiography
Associations of the European Society of Cardiology. Eur Heart J 2007,
28:2539-2550.

Packman MI, Rackow E: Optimum left heart filling pressure during fluid
resuscitation of patients with hypovolemic and septic shock. Crit Care
Med 1983, 11:165-169.

Diebel L, Wilson RF, Heins J, Larky H, Warsow K, Wilson S: End-diastolic
volume versus pulmonary artery wedge pressure in evaluating cardiac
preload in trauma patients. J Trauma 1994, 37:950-955.

Cheung AT, Savino JS, Weiss SJ, Aukburg SJ, Berlin JA: Echocardiographic
and hemodynamic indices of left ventricular preload in patients with
normal and abnormal left ventricular function. Anesthesiology 1994,
81:376-387.

Wyler von Ballmoos M, Takala J, Roeck M, Porta F, Tueller D, Ganter CC,
Schroder R, Bracht H, Baenziger B, Jakob SM: Pulse-pressure variation and
hemodynamic response in patients with elevated pulmonary artery
pressure: a clinical study. Crit Care 2010, 14R111.


http://www.ncbi.nlm.nih.gov/pubmed/9554649?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9554649?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9554649?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16856008?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16763509?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16763509?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18628220?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18628220?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18628220?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9663534?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9663534?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9663534?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9884847?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9884847?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10648320?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10648320?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11687999?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11687999?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11687999?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11687999?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12074419?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12074419?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11967591?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11967591?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15465840?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15465840?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12771609?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12771609?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15790674?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15790674?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16100177?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16100177?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16100177?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16100177?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16286349?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16286349?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16286349?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16286349?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17080001?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17080001?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19652601?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19652601?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19652601?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18835782?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18835782?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8053588?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8053588?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8053588?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16791665?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16791665?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15105983?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15105983?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19866507?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19866507?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19866507?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16557164?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16311279?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16311279?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16311279?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17428822?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17428822?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17428822?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17428822?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6831886?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6831886?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7996610?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7996610?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7996610?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8053588?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8053588?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8053588?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20540730?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20540730?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20540730?dopt=Abstract

Trof et al. Critical Care 2011, 15:R73 Page 11 of 11
http://ccforum.com/content/15/1/R73

33, Marik PE, Cavallazzi R, Vasu T, Hirani A: Dynamic changes in arterial
waveform derived variables and fluid responsiveness in mechanically
ventilated patients: a systematic review of the literature. Crit Care Med
2009, 37:2642-2647.

34, Goepfert MS, Reuter DA, Akyol D, Lamm P, Kilger E, Goetz AE: Goal-
directed fluid management reduces vasopressor and catecholamine use
in cardiac surgery patients. Intensive Care Med 2007, 33:96-103.

doi:10.1186/cc10062

Cite this article as: Trof et al.: Cardiac filling volumes versus pressures for
predicting fluid responsiveness after cardiovascular surgery: the role of
systolic cardiac function. Critical Care 2011 15:R73.

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

e Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVied Central



http://www.ncbi.nlm.nih.gov/pubmed/19602972?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19602972?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19602972?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17119923?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17119923?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17119923?dopt=Abstract

	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Study protocol
	Statistical analysis

	Results
	Fluid loading events
	Correlations
	Predictors of fluid responsiveness in ROC curves

	Discussion
	Conclusions
	Key messages
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /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 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


