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Goal-directed fluid management reduces
vasopressor and catecholamine use in cardiac

surgery patients

Abstract Objective: We exam-
ined whether guiding therapy by

an algorithm based on optimizing
the global end-diastolic volume in-
dex (GEDVI) reduces the need for
vasopressor and inotropic support
and helps to shorten ICU stay in
cardiac surgery patients. Design and
setting: Single-center clinical study
with a historical control group at an
university hospital. Patients: Forty
cardiac bypass surgery patients were
included prospectively and compared
with a control group. Interventions:
In the goal-directed therapy (GDT)
group hemodynamic management
was guided by an algorithm based on
GEDVI. Hemodynamic goals were:
GEDVI above 640 ml/m?, cardiac
index above 2.5 I/min/m?2, and mean
arterial pressure above 70 mmHg.
The control group was treated at the
discretion of the attending physician
based on central venous pressure,
mean arterial pressure, and clinical
evaluation. Results: In the GDT
group duration of catecholamine and
vasopressor dependence was shorter
(187 £ 70 vs. 1458 £ 197 min), and

Introduction

fewer vasopressors (0.73 £ 0.32 vs.
6.67 £ 1.21 mg) and catecholamines
(0.01 £0.01 vs. 0.83 +0.27 mg)
were administered. They received
more colloids (6918 £ 242 vs.
5514 £+ 171 ml). Duration of me-
chanical ventilation (12.6 £ 3.6 vs.
15.4 & 4.3 h) and time until achiev-
ing status of fit for ICU discharge
(25 £ 13 vs. 33 £ 17 h) was shorter
in the GDT group. Conclusions:
Guiding therapy by an algorithm
based on GEDVI leads to a shortened
and reduced need for vasopressors,
catecholamines, mechanical venti-
lation, and ICU therapy in patients
undergoing cardiac surgery.

Keywords Goal-directed therapy -
Cardiac surgery - Cardiac output -
Preload - Global end-diastolic vol-
ume index

Hemodynamic management and appropriate fluid therapy
remains a challenge in critically ill patients [1, 2]. Inad-
equate cardiac output and reduced organ perfusion may
lead to impaired microcirculation and multiorgan dysfunc-
tion. This has been shown for patients undergoing coro-
nary artery bypass grafting (CABG) [3, 4]. According to

the Frank-Starling mechanism, cardiac preload is a major
determinant of cardiac performance. Optimizing cardiac
preload is therefore essential specifically in this group of
patients who frequently present with a reduced cardiac re-
serve [5].

Monitoring of cardiac filling pressures, such as central
venous pressure (CVP) and pulmonary artery occlusion
pressure (PAOP) is unreliable for assessing cardiac preload
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in mechanically ventilated patients [1, 2, 6, 7, 8]. In con-
trast, volumetric monitoring using a transcardiopulmonary
thermodilution technique has been shown to be useful for
reliably assessing preload, particularly the measurement
of global end-diastolic volume index (GEDVI) reflecting
central blood volume [9, 10], although these parameters
do not allow the additional prediction of fluid responsive-
ness [3, 11]. Further measuring extravascular lung water
index (EVLWI) seems to offer a reliable tool for assessing
potential pulmonary edema [12, 13, 14, 15].

Recently evidence has been provided that septic and
surgical patients benefit from hemodynamic goal-directed
therapy (GDT) optimizing stroke volume (SV) and cardiac
output [16, 17, 18]. No study has yet investigated the
usefulness of GDT focusing on preload optimization
using GEDVI as guiding parameter in patients undergoing
cardiac surgery. Therefore we developed an algorithm
for intra- and postoperative hemodynamic management
in CABG patients. This algorithm is based on the meas-
urement of GEDVI reflecting cardiac preload volume,
cardiac index (CI) as surrogate for cardiac performance,
EVLWI reflecting potential volume overloading, mean
arterial pressure (MAP), and heart rate (HR). The goal of
the study was to assess whether guiding hemodynamic
therapy during and after cardiac surgery strictly using
this algorithm reduces the need for vasopressors and
catecholamines and shortens the duration of ICU therapy
compared to conventional hemodynamic monitoring using
CVP and MAP. Parts of this manuscript were presented at
the annual meeting of the European Society of Intensive
Care Medicine 2004 in Berlin and have been published in
abstract form [19].

Methods

Following approval of the institutional review board and
obtaining written informed consent, 40 patients scheduled
for elective CABG surgery were included prospectively

(GDT group). Inclusion criteria were: body mass index
below 30kg/m?, left ventricular ejection fraction higher
than 30%, and estimated number of three or more coro-
nary bypass grafts. Excluded were patients with any
significant valvular dysfunction, preoperative hemoglobin
concentration less than 10 g/dl, platelet count below
1.5 x 103/ml, or signs of relevant renal insufficiency
(creatinine > 1.5mg/dl). Of the 40 patients one was
excluded because of a relevant mitral valve regurgitation.
Another 40 patients who had undergone elective CABG
surgery at our institution without volumetric monitoring
served as controls. Patients were selected as matched pairs
by an independent investigator using the same inclusion
and exclusion criteria as for the GDT group. Data on the
control group were retrieved from written patient records.
The two groups did not differ significantly in demographic
or surgical data (Table 1). More detailed data about hemo-
dynamic parameters, fluids, and administered medications
are provided as in the Electronic Supplementary Material.

Anesthetic technique and hemodynamic monitoring

In the GDT group a 5-F thermistor-tipped catheter
(PV2025L20, Pulsiocath, Pulsion Medical Systems,
Munich, Germany) was inserted prior to anesthesia into
a femoral artery and connected to a hemodynamics
monitor (PiCCO, V 5.1, Pulsion Medical Systems). Anes-
thesia was induced with 0.15-0.25 mg/kg midazolam and
0.8-1.2 ng/kg sufentanil. After induction an 8-F triple-
lumen central venous catheter (Arrow, Reading, Pa., USA)
was inserted into a internal jugular vein. Both pressure
transducers were positioned at the level of midaxillary line
and zeroed to atmospheric pressure. Anesthesia was then
maintained by continuous administration of 0.5-1.0 pg/kg
sufentanil per hour and 0.8-1.1 vol% isoflurane. Values of
cardiac output, global end-diastolic volume, and extravas-
cular lung water, all measured by transcardiopulmonary

Table1 Demographic and

surgical data (GDT goal-directed GDT Control
therapy, BMI body mass index,  Age (years) 635+1.2 64.5+ 1.0
CPB cardiopulmonary bypass; Sex: F:M 8:31 3:36
LIMA left interior mammaria 2
F1or mam BMI (kg/m?) 262404 26.0+0.4
artery. RIMA right interior Ejection fraction (%) 62+3 60+2
mammaria artery, AC"I; Bypass time (min) 91+3 93 +4
30“0;190;."“32{. Vlenous YPasS,  (Cross-clamping time (min) 5842 60+3
- radialis radial artery) Minimal body temperature during CPB (°C)? 31.940.2 31.740.2
Body temperature at end of CPB (°C)? 36.9+£0.1 36.7£0.1
Total time of surgery (min) 228+5 226+ 8
Number of grafts placed
LIMA 38 38
RIMA 5 -
ACVB 76 92
A. radialis 6 2

4 Temperatures were measured in the urinary bladder
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thermodilution were indexed with body surface area to
receive CI, GEDVI, and EVLWI [20, 21].

Patients in the control group received a 20-G radial
artery catheter (Abbocath-T G718-A01, Abbott, Ireland)
prior to induction of anesthesia. Further, the same anes-
thetic technique as described for the GDT group was used.

Hemodynamic management during surgery

In the GDT group hemodynamic status was assessed by
measurement of GEDVI, EVLWI, CI, and MAP after
anesthesia induction, immediately following termination
of cardiopulmonary bypass (CPB) and at the end of
surgery (defined as end of scin suture, EOS). Preload
(defined as GEDVI) and the other goal-directed pa-
rameters were optimized immediately according to the
treatment algorithm after each assessment or in the case of
hemodynamic instability (see Fig. 1). If GEDV, reflecting
preload volume, was lower than 640 ml/m?, defined as
the lower limit normovolemia [20], stepwise fluid loading
in 500-ml aliquots was performed until GEDVI was
higher than 640 ml/m?. EVLWI served as indicator of
pulmonary edema and fluid overloading. If EVLWI was
higher 10 ml/kg, which has been reported as an early
sign for pulmonary edema [13, 22], no further fluid
loading was performed. Then CI was judged. If CI was
below 2.5 /min/m%, GEDVI was reassessed. If GEDVI
was below 800 ml/m?, reported to be the upper limit of
normovolemia [20], further fluid loading was performed
until GEDVI reached 800 ml/m?. During volume loading
procedures data were reassessed every 500 ml infusion
volume. Time between assessments was about 15-30 min,

the period needed to complete the infusion of 500 ml.
Catecholamine support with epinephrine was initiated
only if CI remained below 2.5 1/min/m?. MAP was also
measured. If MAP was less than 70 mmHg, again, GEDVI
was reassessed and increased to 800 ml/m? by fluid load-
ing. If MAP remained below 70 mmHg, norepinephrine
was used. Heart rate was kept between 80 and 110 bpm by
epicardial pacing, pharmacological intervention, elevation
in hemoglobin concentration (transfusion until hematocrit
> 26%) or deepening of anesthesia. In the case of rapid
hemodynamic instability, norepinephrine was used to
bridge until fluid loading was performed.

In the control group hemodynamic management
was performed according to routine clinical practice in
our service, primarily based on CVP, MAP and clinical
evaluation of the attending physician. Epinephrine and
norepinephrine were used at the discretion of the attending
physician.

Cardiopulmonary bypass

Surgery was performed using CPB under mild hypother-
mia (31-32°C). Transfusion trigger during CPB was
a hematocrit value less than 23%.

ICU treatment

Patients were ventilated using intermittent positive pres-
sure support to achieve normocapnia and normoxia. If nec-
essary, patients were sedated using single doses of propo-
fol or midazolam. All patients received a continuous in-
fusion of 80 ml/h cristalloids for the first 24 h, followed by

Fig.1 Goal-directed es yes es es es
hemodynamic treatment [GEDVI>640 f—b{ Ci>2.5 = MAP>70 |—mb] HR >80 |mmeb] HR <110 Iy—»m
algorithm of the goal-directed
therapy group. GEDVI Global no yes no no no no
enddiastolic volume index v v Y
(ml/mz); EVLWI extravascular Y GEDVI |Ves GEDVI |ves GEDVI |ves
lung water index (ml/kg); CI EVLWI>10 >800 | 5800 [ 5800
cardiac index (I/min/m?); MAP
mean arterial pressure (mmHg); no no no no
HR heart rate (bpm) v v 5
Eviwi [Jes| | eviwt [Pes] | Eviwn [Yes]
>10 >10 >10
no 1 no 1 no l 4
\4 sedation,
give volume give volume give volume give volume Hb elevation,
until until until until pharmaco-
GEDVI >640 GEDVI >800 GEDVI >800 GEDVI >800 therapy
v v A\
In case of EVLWI >12 ive ive i
care for signs of catecgolamines vaso%ressors p.erfo;"mep atcmg,
pulmonary edema until CI >2.5 until MAP >70  9'V€ clronotropes

and give diuretics
if necessary
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40 ml/h for the rest of the ICU treatment. In both groups we
recorded the period required to achieve the “fit for ICU dis-
charge” criteria (modified from [23]): cooperative patient,
SpO; higher than 90% at FIO, less than 0.5, no ventric-
ular arrhythmia, chest tube drainage below 50 ml/h, urine
output above 0.5 ml/kg per hour, no inotropes or vasopres-
sors, no signs of ischemia on electrocardiography, all to be
achieved within 3 successive hours.

In the GDT group preload was evaluated according to
the algorithm after ICU admission and then every 8 h until
48 h after EOS or, if earlier, until ICU discharge, and in any
instance of hemodynamic instability. Preload optimization
and other procedures to achieve goal-directed thresholds
were performed as described during surgery. For fluid
loading 6% 130/0.4 hydroxyethylstarch (Fresenius Kabi,
Bad Homburg, Germany) up to a maximum daily dose
of 120 g and, if necessary, urea linked polygelin (Aventis
Pharma, Frankfurt, Germany) was used. Transfusion
trigger was a hematocrit value lower than 26%.

In control patients hemodynamic and fluid loading
management was performed according to attending
physician’s decision, based principally on CVP, MAP, and
subjective evaluation. The same transfusion triggers were
used.

Statistics

Documentation of data began directly after induction of
anesthesia. A sample size of 36 patients was calculated
based on values of the preexisting institutional database.
We hypothesized a difference in means of 3.35 mg nore-
pinephrine (according to a 50% reduction in dose) between
the two groups, a standard deviation of £ 5.0 mg, allowing
a type I error of 5% and a type II error of 20% in an un-
paired ¢ test. No interim analysis was performed. Data are
expressed as mean = standard error of the mean. For com-

parisons between groups we used the ¢ test if data were dis-
tributed normally; otherwise the Mann—Whitney rank sum
test was used. Statistics were performed using SAS version
8.2 (SAS Institute, Heidelberg, Germany).

Results

Vasopressors and catecholamines

Catecholamine and vasopressor support was significantly
higher in the control group, during both surgery and ICU
therapy (Table 2, Figs. 2, 3).

Fluid therapy, urine output, and fluid balance

Overall (from anesthesia induction until 48 h after EOS)
patients of the GDT group received more intravenous
fluids. Until EOS they received 1515 4 60 ml colloids vs.
1327 & 50 ml in the control group (p < 0.05). During ICU
treatment 5403 4= 222 ml colloids was given in the GDT
group vs. 4187 & 167 ml in the control group (p < 0.001).
The total amount of cristalloids administered until EOS
(GDT 2260£92ml, control 2044 +113ml) did not
differ significantly. Also during ICU treatment there
were no significant differences between the groups (GDT
2912 + 107 ml, control 3208 & 133 ml). In the GDT group
a total of 28 U packed red blood cells was transfused
vs. 33U in the control group (p =0.47). No other blood
products were used in either group. During ICU treatment
urine output in GDT group patients was significantly
higher (data not shown). In neither group was dialysis or
hemofiltration necessary. Intravenous fluid balance during
surgery was more positive in the GDT group (5663 £ 172
vs. 5052 £ 159 ml in the control group; p < 0.05). Also,
overall fluid balance from induction of anesthesia until

Table 2 Catecholamine and vasopressor therapy: values are cumulative doses (GDT goal-directed therapy)

Norepinephrine Epinephrine
GDT Control p GDT Control p
During surgery
Continuous application 9+3 68 +£7 <0.001 2+£2 2746 <0.001
time (min)
Total dose (jg/kg) 0.74£0.2 528£0.7 <0.001  0.06 £0.01 1.73£0.5 <0.001
Patients receiving drug 8 35 <0.01 1 14 <0.01
ICU therapy
Continuous administration 175 £ 68 1146 £ 152 <0.001 2+£2 217+£73 <0.001
time (min)
Total dose (jg/kg) 9.14+42 81.57+15.0 <0.001 0.09+£0.01 8.74+£3.0 <0.001
Patients receiving drug 11 32 <0.01 1 12 <0.01
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48 h after EOS was more positive in patients of the GDT
group (6509 £240 vs. 6403 £ 184ml in the control
group; p < 0.05).

Laboratory data

Hematocrit did not differ between the groups
(all > 27%), except at 48 h after EOS (GDT 27 £ 0.4%,
control 28 4+ 0.5%; p =0.03). Blood lactate did not differ
between the groups before surgery. During the first 8 h
after EOS blood lactate in the GDT group was signifi-

cantly lower. At 16h after EOS levels of blood lactate
were similar in the two groups (Fig. 4).

Mechanical ventilation and ICU discharge criteria

Duration of mechanical ventilation was 12.6 +3.6h in
the GDT group vs. 154+43h in the control group
(p=0.002). Between the groups there were no differ-
ences in pulmonary function, defined as PaO,/FiO, ratio
(data not shown). Length of ICU stay was 57+£26h
in the GDT group vs. 56+ 19h in the control group
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Fig.4 Blood lactate levels 4
before surgery, at the end of

surgery, and during ICU

treatment. GDT Goal-directed

therapy; EOS end of surgery;

- 4= Control Group
—a— GDT Group

ICU intensive care unit. All # p<0.05
values are expressed as mean 3 * p <0.001
+ SEM; *p<0.002, * p<0.03

2

Blood Lactate (mmol I

-
M

End of
surgery

Before
surgery

(»=0.29). However, patients of the GDT group reached
the “fit for ICU discharge” criteria significantly earlier
(25+ 13 vs. 33£17h; p=0.03). All patients tolerated
the study regime well, and no patient died during ICU
therapy.

Discussion

This study demonstrates that an algorithm-based goal-
directed perioperative hemodynamic management based
on early optimization of cardiac preload leads to modified
fluid management during and after cardiac surgery. This
led to a significant reduction in inotropic and vasopressor
support. Duration of mechanical ventilation was short-
ened, and criteria “fit for ICU-discharge” were reached
earlier.

Inadequate tissue perfusion is associated with elevated
postoperative morbidity and mortality [24, 25, 26, 27,
28]. Shoemaker et al. [29] reported that perioperative
optimization of the circulatory status in high-risk sur-
gical patients led to reduced mortality and morbidity.
In cardiac surgery patients, to our knowledge, only two
studies have been published using GDT to optimize organ
perfusion. McKendry et al. [30] evaluated a concept of
postoperative nurse-directed optimization of the circula-
tory status, primarily defined as a stroke volume index
higher than 35 ml/m?, in patients after cardiac surgery,
which shortened hospital stay. Polonen et al. [19] reported
a mixed venous oxygen-saturation higher than 70% and
blood lactate lower than 2.0 mmol/l following cardiac
surgery which resulted in faster discharge from hospital
and decreased morbidity. In contrast, our concept of

) 8 hrs after ) 16 hrs after' 24 hrs after' 32 hrs after i 48 hrs after

EOS EOS EOS EOS EOS

goal-directed hemodynamic management, based on early
preload optimization, is not limited to the ICU treatment
but includes the complete perioperative process starting
immediately after anesthesia induction.

Organ perfusion depends essentially on blood flow and
therefore on cardiac function. Cardiac function is related
to the three main physiological determinants: preload,
contractility, and afterload, resulting in stroke volume
and finally cardiac output. All of these three determinants
were assessed and if necessary, optimized according to
the treatment algorithm. Initially GEDVI was assessed.
This parameter has been shown to be more useful to
evaluate cardiac preload and to guide volume therapy than
cardiac filling pressures [2, 3, 7, 11]. We defined lower and
upper threshold values of relative normovolemia (GEDVI
between 640 and 800 ml/m?) based on earlier findings in
cardiac surgical and septic patients [11, 20]. As a first step
of preload optimization this range of GEDVI had to be
reached. Assessment of cardiac contractile function was
evaluated by measuring CI. Only if preload was in the
upper predefined therapeutic range, was cardiac function
supported by the administration of catecholamines. Fi-
nally, cardiac afterload was assessed by monitoring MAP
and, if necessary, optimized by the use of a vasopressor.
This treatment algorithm was based primarily on preload
optimization by fluid loading. To avoid potential fluid
overloading with pulmonary edema EVLWI was assessed,
and an upper threshold of 10 ml/kg was set [13, 15].

In addition to measurements of blood pressure and
heart rate, GEDVI, CI, and EVLWI were assessed rou-
tinely according to the treatment algorithm at specific
time points. This first hemodynamic evaluation was per-
formed immediately after induction of anesthesia to assess
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a baseline status (preload, cardiac function) of the patient.
This was repeated immediately after termination of CPB
and after EOS to assess and to correct hemodynamic
alterations caused by the surgical interventions. In the
ICU obligatory hemodynamic evaluation and optimization
was performed routinely every 8h. In any instance of
hemodynamic instability additional measurements were
made of GEDVI, CI, and EVLWI, and the appropriate
algorithm-based therapeutic steps were taken.

Because of the clear advantages of diagnosing any
valvular dysfunctions, acute myocardial ischemia, or
pericardial hematoma transesophageal echocardiography
was used if these situations were suspected [31]. The
tracing of the CVP was observed during fluid loading.
If CVP increased rapidly during fluid loading, right
ventricular function had to be evaluated immediately by
transesophageal echocardiography. However, this was not
the case in any of the studied patients.

In the present study volumetric preload monitoring
and subsequent optimization by volume loading in the
GDT population resulted in a shortened length and re-
duced amount of vasopressor and catecholamine support.
For fluid loading mainly colloids were used. However,
no negative effect on pulmonary function, defined as
Pa0,/FiO;, ratio was observed. Furthermore patients of
the GDT group needed a shorter period of mechanical
ventilation. The need for blood products was not in-
creased. Hematocrit values did not differ significantly
between the groups until 32 h after EOS. Only 48 h after
EOS did patients of the GDT group present a slightly
lower but still tolerable hematocrit value. This was most
possibly caused by the higher amount of fluid loading in
the GDT group; however, differences in capillary leakage
may also have played a role [32]. Further, patients in the
GDT group showed a significantly reduced level of blood
lactate in the early phase after surgery. This was probably
a direct result of optimized organ perfusion caused by
hemodynamic optimization. However, also the reduced
need of catecholamines in the GDT group, which was also
an immediate consequence of this GDT, may have been
responsible for this difference.

Some specific limitations of our study need to be
pointed out. This was a single-center study with a histor-
ical control group. Although the same team of surgeons
and anesthesiologists treated the patients of the control
group, a bias on the presented results, based on the interval

between treatment of the control group and GDT group
cannot be excluded. Further, a multicenter evaluation
is needed to strengthen the evidence found here. This
study does not definitively confirm whether the use of
this perioperative goal-directed algorithm leads to an
improved outcome, i.e., reduction in mortality or length
of hospital stay. We used retrospective criteria to judge
the “fit for ICU discharge criteria” as outcome parameter,
which is a theoretical classification based on the screened
parameters. Nevertheless, the results of this study provide
evidence that such a goal-directed and algorithm-guided
hemodynamic management leads to improvements in
outcome. Further, only patients with normal cardiac
function prior to surgery were included. Further studies
are therefore necessary before these findings can be trans-
lated to a broader spectrum of patients. Also, integrating
functional parameters of preload and fluid responsiveness,
such as either left ventricular stroke volume variation or
pulse pressure variation, in a treatment algorithm may
further help to optimize fluid therapy [12, 33]. Finally, the
question of whether epinephrine is the inotropic agent of
first choice in cardiac surgery has not been determined.
Although Wilson et al. [34] showed that using dopexamine
instead of epinephrine may reduce morbidity in major
elective surgery, this has not been verified in cardiac
surgery patients.

In conclusion, the results of this study suggest that the
presented algorithm-driven, perioperative hemodynamic
management based on early optimization of preload and
cardiac output using transcardiopulmonary thermodilution
leads to an improved treatment of patients undergoing
cardiac surgery.
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