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Abstract The objective was to compare the impact of an
early goal-directed hemodynamic therapy based on cardiac
output monitoring (Endotracheal Cardiac Output Monitor,
ECOM) with a standard of care on postoperative outcome
following coronary surgery. This prospective, controlled,
parallel-arm trial randomized 100 elective primary coro-
nary artery bypass grafting patients to a study group
(ECOM; n = 50) or a control group (control; n = 50). In
the ECOM group, hemodynamic therapy was guided by
respiratory stroke volume variation and cardiac index given
by the ECOM system. A standard of care was used in the
control. Goal-directed therapy was started immediately
after induction of anesthesia and continued until arrival in
the intensive care unit (ICU). The primary endpoint was
the time when patients fulfilled discharge criteria from
hospital (possible hospital discharge). Secondary endpoints
were the hospital discharge, the time to reach extubation,
the length of stay in ICU, the number of major adverse
cardiac events, and in-hospital mortality. Patients in the
ECOM group received more often fluid loading and
dobutamine. The time to reach extubation was reduced in
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the ECOM group: 510 min [360-1,110] versus 570 min
[320-1,520], P = 0.005. No significant differences were
found between both groups for possible hospital discharge
[Hazard Ratio = 0.96 (95 % CI 0.64-1.45)] and hospital
discharge [Hazard Ratio = 1.20 (95 % CI 0.79-1.81)]. A
mini-invasive early goal-directed hemodynamic therapy
based on ECOM can reduce the time to reach extubation
but fails to significantly reduce the length of stay in hos-
pital and the rate of major cardiac morbidity.
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1 Introduction

Despite important advances in the care of patients leading
to a decrease in short-term mortality, the postoperative
morbidity remains high following elective cardiac surgery
[1]. As a consequence, the lengths of stay in intensive care
unit (ICU) and in hospital can be long and are associated
with a high healthcare cost [2]. The positive impact of early
goal-directed hemodynamic therapy on postoperative out-
come has been increasingly investigated for high-risk
patients undergoing noncardiac and cardiac surgeries [3—
5]. However, these pre-emptive strategies require advanced
hemodynamic monitoring to assess cardiac output. The
classic available tools (intermittent thermodilution or
esophageal Doppler), either invasive or operator-dependent
and necessitating a learning curve, are not convenient in
routine practice and they remain insufficiently used among
North American and European Anesthesiologists [6].
Besides, new mini-invasive cardiac output devices have
been developed [7]. More convenient and easy to use, they
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could help the practitioners in promoting advanced hemo-
dynamic monitoring and early goal-directed therapy at the
bedside in high-risk patients, in an attempt to further
improve postoperative outcome.

The Endotracheal Cardiac Output Monitor (ECOM
Medical, Inc., San Juan Capistrano, CA) is a new Food and
Drug Administration-approved device that provides con-
tinuous cardiac output measurement via a specifically
designed endotracheal tube using three-dimensional bioim-
pedance in conjunction with an arterial catheter. This new
mini-invasive cardiac output monitor was first evaluated in
an animal study, which suggested it was both promising and
safe [8]. Then, validation studies conducted in the setting of
human cardiac surgery have reported contrasting results [9—
14]. Data resulting from randomized phase III (clinical
utility/outcome) studies are not available. Thus, it is doubtful
whether ECOM could help to conduct perioperative goal-
directed hemodynamic therapy during cardiac surgery.

The objective of the present randomized controlled trial
was to compare the impact of a mini-invasive early goal-
directed hemodynamic therapy based on ECOM with a stan-
dard of care on postoperative outcome following conventional
elective primary coronary surgery. We hypothesized that the
use of ECOM would lead to improve intraoperative hemo-
dynamics and result in less postoperative complications and
earlier discharge from the hospital in this well-studied and
standardized high-risk surgical group of patients.

2 Methods
2.1 Patient population

The study was registered at clinicaltrials.gov (identifier:
NCTO01535716) and was conducted in accordance with the
Consolidated Standards of Reporting Trials (CONSORT)
[15]. Institutional approval was obtained from the Ethical
Committee (Comité de Protection des Personnes Nord-Ouest
III, CHU de Caen, Caen, France) and signed written informed
consent was obtained from all participants (Ref. CPP:
2011-A01210-41). It was a single-site, prospective, con-
trolled, randomized, single-blind, parallel-arm trial designed
to investigate the potential superiority of an intraoperative
hemodynamic treatment algorithm using respiratory stroke
volume variation (SVV) and cardiac index given by ECOM.
One hundred consecutive adult patients undergoing elective
primary coronary artery bypass grafting (CABG) surgery
with cardiopulmonary bypass (CPB) were investigated at the
Teaching University Hospital of Caen (Caen, France) from
January 2012 to February 2013 and randomized into two
groups the day before surgery. Allocation to the ECOM group
or control group was performed in 1:1 proportion by a random
list. Inclusion criteria were an age > 18 year and a primary
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elective CABG surgery with CPB. Patients with an
age < 18 year, pregnant or who refused to give signed writ-
ten informed consent and patients undergoing emergency
surgery (<24 h), reoperation, combined cardiac surgery or
off-pump coronary surgery were excluded from the study.

2.2 Perioperative management

General anesthesia, CPB, and postoperative management fol-
lowed institutional standards. All patients were premedicated
with oral lorazepam (1-2.5 mg) and/or hydroxyzine
(75-150 mg) the evening before surgery and on the morning of
surgery. Betablockers and statins were given until the morning
of surgery in chronically treated patients. Oral antiplatelet agents
were managed as follows: aspirin was continued and clopidogrel
was discontinued 5 days before surgery. Standardized total
intravenous anesthesia (i.e. target—control propofol and remif-
entanil infusion, and atracurium) and monitoring techniques (i.e.
five-lead electrocardiogram with computerized analysis of
repolarization, invasive arterial blood pressure by means of a
radial artery catheter, and central venous pressure by means of a
jugular central venous catheter) were used. All patients were
intubated with a 7.5 mm endotracheal tube after induction of
general anesthesia. In the ECOM group, we used a specially
designed endotracheal tube (ECOM-ETT 7.5G, ECOM Medi-
cal, Inc., San Juan Capistrano, CA) which contains seven silver
electrodes on the cuff and tube that continuously measure the
bioimpedance signal from the ascending aorta, in close prox-
imity to the trachea [8]. After processing, it provides real-time
continuous stroke volume and cardiac index. The ECOM
pressure monitor was connected to the radial arterial line and
then to the ECOM endotracheal tube impedance wires. All
pressure monitors were zeroed at the mid-axillary line. Antifi-
brinolytic therapy with tranexamic acid (15 mg/kg twice) was
routinely administered. CPB was performed under normother-
mia (more than 35.5 °C), and myocardial protection was
achieved by intermittent warm blood cardioplegia. Boluses of
ephedrine and/or phenylephrine were given intraoperatively to
maintain mean arterial pressure between 50 and 80 mmHg. The
heart was defibrillated after aortic unclamping, if sinus rhythm
did not resume spontaneously. After the termination of CPB,
norepinephrine was used to maintain the mean arterial pressure
above 65 mmHg, and the trigger for transfusion of packed
erythrocytes was set to a hematocrit of 21 % in all patients and
complied with routine practice at our institution. Hydrxyethyl-
starch 6 % 130/0.4 (Fresenius Kabi, Sévres, France) up to a
maximum daily dose of 33 mL/kg at day zero was used intra-
operatively for volume loading.

In the control group, intraoperative hemodynamic
management was left to the discretion of the attending
anesthesiologist and followed institutional standards.
Briefly, physicians used usual hemodynamic parameters as
blood pressure, heart rate, central venous pressure, urinary
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Fig. 1 Intraoperative
hemodynamic algorithm
derived from endotracheal
bioimpedance cardiography for
patients of the study group. CI
cardiac index, SVV respiratory
stroke volume variation
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output, skin mottling and respiratory variation of arterial
pulse pressure to guide fluid loading and inotropic support
on an individual basis. Neither advanced hemodynamic
monitoring providing stroke volume or cardiac index
measurements nor specific algorithm was used in the
control group. Furthermore, routine transesophageal echo-
cardiography is not used for elective primary CABG sur-
gery in our institution. In the ECOM group, intraoperative
hemodynamic management followed a protocol based on
the assessment of SVV and cardiac index given by the
ECOM device, as illustrated in Fig. 1. Successive fluid
boluses of 100 mL hydrxyethylstarch 6 % 130/0.4 were
administered until SVV was less or equal to 11 %. Then,
cardiac index was assessed and dobutamine was considered
in case of low cardiac index values (less than 2.4
L min~' m™?). Dobutamine infusion was progressively
increased by 2.5 pg kg~' min~', if necessary.

All patients were admitted postoperatively to the cardiac
surgical ICU intubated, ventilated and sedated with pro-
pofol and remifentanil to maintain a Ramsay score above 5.
Extubation was performed after completion of the institu-
tional weaning protocol. Hemodynamic parameters given
by ECOM were available up to extubation. Postoperative
management was left to the discretion of the attending
anesthesiologist in both groups. Standard postoperative
care included blood glucose control less than 10 mM and a
low molecular weight heparin, beginning 6 h after surgery
in the absence of significant médiastinal bleeding (more
than 50 mL/h). Betablockers and statins were given as soon
as possible postoperatively in chronically treated patients.
Postoperative care was delivered by anesthesiologists in
the ICU and by cardiac surgeons in the ward.

| Cl< 2.4 L/min/m? |

—{ Dobutamine 2.5 pg/kg/min |

2.3 Endpoints

The main endpoint of the study was the possible hospital
discharge, i.e. the time when patients fulfilled discharge
criteria. These “fit for hospital discharge” criteria followed
institutional standards and were defined as follows: the
patient is fully oriented and able to move without support,
hemodynamically stable, laboratory parameters with no
sign of increasing organ dysfunction or infection, and no
clinical signs of active wound infection [16]. This endpoint
was considered as a valuable surrogate marker for global
postoperative morbidity.

Secondary endpoints were the true hospital discharge,
the time to reach extubation, the length of stay in ICU, the
number of major adverse cardiac events (MACE), the
number of patients having MACE, and in-hospital mor-
tality. The true hospital discharge was the time when
patients left the hospital. MACE were defined as at least
one of the following: malignant ventricular arrhythmia
requiring therapeutic intervention, postoperative myocar-
dial infarction [17], serum postoperative cardiac troponin I
(cTnI) above 9 ng/mL [18], inotropic support >24 h, and
cardiac death (including sudden death). In all patients, an
independent investigator blinded to the patients ‘group
assignment assessed predefined postoperative complica-
tions and endpoints.

2.4 Statistical analysis
The number of patients was calculated on the basis of our

institutional database showing an expected mean hospital
stay of 9 + 4 days. We considered that the possible
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Fig. 2 Flow chart of the study.
ECOM endotracheal cardiac
output monitor, /77 intention-

100 patients |

to-treat, PP per-protocol

ECOM Randomization Control
N =50 N =50
Excluded (n = 2) Excluded (n = 6)
Beating heart=1 Cancelled surgery=1
in = Beating heart=4
Combined surgery= 1 Combined surgery=1
ECOM . Control
n=as ITT analysis n=aa
! 1
! 1
! 1
! 1
! 1
! 1
R, Vo, pmmmmmmmnc L2,
: ECOM . : Control :
=43 PP analysis =49 .

hospital discharge would be reduced by 20 % (—2 days) in
the ECOM group when compared with the control group at
a5 % type I error rate and a 20 % type II error rate. Thus,
the sample size calculation revealed 100 patients divided
into two groups of equal size. No interim analysis was
performed. Variables are expressed as mean £ SD or
median [extremes] for nonnormally distributed variables
(Kolmogorov—Smirnov test) or number (%), as appropriate.
Comparisons between both groups were made by inde-
pendent samples ¢ test or Mann—Whitney test according to
the distribution for continuous variables and Fisher’s exact
test or Chi squared test for categorical variables, as
appropriate. Possible and true hospital discharges in both
groups were depicted using Kaplan—Meier curves and
compared with the Log-rank test. Hazard ratios (HR) are
given with their 95 % confidence intervals (CI). For all
primary and secondary outcome parameters, an intention-
to-treat analysis was performed on all randomized patients.
For possible and true hospital discharge, a per-protocol
analysis was also performed.

A P value of <0.05 was considered as statistically sig-
nificant and all P values were two-tailed. Statistical anal-
yses were performed using MedCalc® Software bvba
version 12.7.0 (Mariakerke, Belgium).

3 Results

Eight patients were excluded from the analysis because of
changes in surgical procedure following randomization:
two in ECOM group (one for off-pump CABG surgery and
one for aortic valve replacement combined to CABG sur-
gery) and six in control group (one for cancelled surgery,
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four for off-pump CABG surgery and one for aortic valve
replacement combined to CABG surgery). Among the 48
patients included in the ECOM group, 5 patients did not
receive the ECOM tube at the time of tracheal intubation
for logistic reasons (ECOM endotracheal tube unavailable)
and were subsequently managed as patients of the control
group. These patients were kept in the ECOM group for the
intention-to-treat analysis and switched in the control
group for the per-protocol analysis. The complete flow
chart of the study is depicted in Fig. 2. All patients toler-
ated the study regimen well and no complications were
noted from the ECOM tube.

Demographic and surgical data in both groups of
patients are reported in Table 1. No significant difference
was evidenced except for creatinine clearance which was
lower in the control group. Absolute values were however
in the normal range in the two groups of patients and the
number of patients with a normal creatinine clearance was
similar in ECOM and control groups. Intraoperative
hemodynamic data are reported in Table 2. As a result of
application of the algorithm to reach early goal-directed
hemodynamic therapy, patients in the ECOM group
received more often fluid loading and dobutamine. The
total intraoperative amount of fluid loading was however
significantly decreased in the ECOM group when com-
pared with the control group while the total intraoperative
dobutamine infusion was similar in both groups (Table 2).
Primary and secondary outcomes are reported in Table 3.
The time to reach extubation was significantly decreased
by 60 min on average in the ECOM group when compared
with the control group. No significant difference was found
between the two groups in the total number of MACE and
noncardiac complications, the length of stay in ICU and in-
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Table 1 Demographic and surgical data (N = 92)

Variable ECOM Control P value
N =48 N=44
Age (year) 66 £ 11 69 + 10 0.096
Sex (M/F) 36/12 32/12 0.817
Body mass index (kg/m?) 284 £48 27744 0502
EuroSCORE 2 (%) 1.2 1.6 0.114
[0.5-26.7] [0.6-17.6]
ASA physical status
3 47 40 0.307
4 1 4
NYHA
1 25 23 0.863
2 14 10
3 6 10
4 3 1
Left ventricular ejection 59 +£ 12 58 £ 11 0.706
fraction (%)
Creatinine clearance MDRD 88 + 30 73 £ 26 0.011
(mL/min)
Normal creatinine clearance 26 (54) 16 (36) 0.098
Cardiovascular disease 44 (92) 42 (95) 0.679
Stroke 7 (15) 3(7) 0.321
Respiratory disease 10 21) 7 (16) 0.599
Chronic treatment administered
Betablockers 40 (83) 33 (75) 0.440
RAS inhibitors 30 (62) 30 (68) 0.663
Statins 40 (83) 40 (91) 0.360
Antiplatelet agents 47 (98) 39 (89) 0.100
Anticoagulant agents 10 (21) 15 (34) 0.168
Duration of surgery (min) 258 £ 57 257 £ 48 0.970
CPB time (min) 78 £ 29 75 + 26 0.724
ACC time (min) 54 + 23 53 £ 20 0.939

Values are mean £ SD or median [extremes] or number (%)

Cardiovascular disease = acute coronary syndrome, hypertension,
valvular disease, arrhythmia, peripheral vascular disease

Respiratory disease = asthma, chronic obstructive pulmonary dis-
ease, obstructive sleep apnea

ACC aortic cross clamping, ASA American Society of Anesthesiol-
ogy, CPB cardiopulmonary bypass, ECOM endotracheal cardiac
output monitor, NYHA New-York Heart Association, RAS renin-
angiotensin system

hospital mortality. A trend towards a reduction in the
possible hospital discharge by one day was observed in the
ECOM group (Table 3). The Kaplan—Meier curves for
possible and true hospital discharges are depicted in Figs. 3
and 4, respectively. No significant differences were found
between both groups: HR = 0.96 (95 % CI 0.64-1.45) for
possible hospital discharge and 1.20 (95 % CI 0.79-1.81)
for true hospital discharge, respectively.

The per-protocol analysis showed similar results than
the intention-to-treat analysis: possible hospital discharge
ECOM group 7 [4-57] versus control group 8 [6-22],
P = 0.197 and true hospital discharge ECOM group 8
[6-58] versus control group 8 [7-22], P = 0.549.

4 Discussion

The main result of the present randomized controlled study
is that an early goal-directed hemodynamic therapy based
on endotracheal bioimpedance cardiography significantly
reduced the time to reach extubation following elective
primary CABG and trended to decrease the time when
patients fulfilled discharge criteria from hospital when
compared with an usual institutional standard of care.

The ECOM device is a minimally invasive and plug-
and-play system easy to use at the bedside. ECOM was first
evaluated in an animal study, which suggested this new
technology was both promising and safe [8]. Six validation
studies have been reported in human [9-14]. These studies
were conducted in the setting of cardiac surgery and
included only a small number of patients. They compared
ECOM with either intermittent pulmonary artery [9, 10, 12,
14] or transpulmonary [11] thermodilution and with pulse
contour analysis [13] or transesophageal echocardiography
[10] and found a poor correlation and lack of agreement
both on absolute values and changes in cardiac output
following therapeutic maneuvers, as fluid challenge or
phenylephrine administration. However, ECOM was con-
venient and consistent to monitor cardiac output continu-
ously [10, 12] and seemed able to track the direction of its
changes under dynamic loading conditions [13, 14]. Fur-
thermore, SVV given by ECOM had the ability to predict
fluid responsiveness with a good accuracy and discrimi-
nation [11]. Thus, ECOM could help to conduct perioper-
ative goal-directed hemodynamic therapy during cardiac
surgery. Data resulting from randomized phase III (clinical
utility/outcome) studies are however not yet available.

In the current study, we found a slight improvement in
postoperative outcome following elective primary coronary
surgery when using ECOM to conduct intraoperative early
goal-directed hemodynamic therapy. The time to reach
extubation was decreased by 60 min on average and there
was a trend in decreasing the time when patients fulfilled
discharge criteria from hospital by 1 day on average. A
systematic review and meta-analysis of goal-directed
therapy in cardiac surgery has been recently published [5].
This meta-analysis included 5 well-designed randomized
clinical trials using either intermittent bolus thermodilution
[19, 20], pulse contour analysis [21] or esophageal Doppler
[22, 23] and reported a significant decrease in morbidity
and hospital length of stay when using pre-emptive goal-
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Table 2 Intraoperative hemodynamic data (N = 92)

Variable ECOM N = 48 Control N = 44 P value
Total fluid loading (mL) 400 [200-1,000] 500 [100-1,100] 0.035
Number of patients receiving fluid loading 41 (85) 30 (68) 0.042
Total dobutamine infusion (pg) 125 [50-562] 210 [20-525] 0.748
Number of patients receiving dobutamine 21 (44) 7 (16) 0.003
Total autologous transfusion (mL) 482 [220-1,129] 456 [272-1,122] 0.534
Number of patients receiving homologous RBC transfusion 17 (35) 12 (27) 0.372
Number of patients receiving vasopressors 16 (33) 13 (30) 0.660
Number of patients receiving vasodilators 22 (46) 19 (43) 0.834
Hemoglobin at the beginning of surgery (g/dL) 124 £+ 1.7 122 £ 1.7 0.670
Hemoglobin at the end of surgery (g/dL) 10.1 £ 14 99+12 0.545
Values are mean £ SD or median [extremes] or number (%)
ECOM endotracheal cardiac output monitor, RBC red blood cells
Table 3 Primary and secondary outcomes (N = 92)
Variable ECOM N = 48 Control N = 44 P value
Time of extubation (min) 510 [360-1,110] 570 [320-1,520] 0.005
Length of stay in ICU (h) 96 [38-425] 95 [41-480] 0.606
Total number of complications 22 19 0.836
Total number of MACE 13 14 0.653

Malignant ventricular arrhythmia 1 0

Myocardial infarction 1 2

c¢Tnl > 9 ng/mL 1 3

Inotropic support > 24 h 10 8

Cardiac death 0 1
Number of patients with MACE 11 (23) 10 (23) 1.000
Postoperative ¢Tnl (ng/mL) 1.1 [0.4-12.9] 1.1 [0.1-32.0] 0.961
In-hospital mortality 1 2 0.605
Possible hospital discharge (d) 7 [4-57] 8 [6-22] 0.184
True hospital discharge (d) 8 [6-58] 8 [7-22] 0.727
Calculated difference (d) 1 [0-7] 0 [0-5] 0.003

Values are median [extremes] or number (%)

cTnl serum postoperative cardiac troponin I level, ECOM endotracheal cardiac output monitor, /CU intensive care unit, MACE major adverse

cardiac events

directed therapy. Since then, another prospective random-
ized trial including 100 coronary patients and using trans-
pulmonary thermodilution also demonstrated that
individually optimized hemodynamic therapy based on
cardiac index, SVV, and global end-diastolic volume index
reduced complications and length of ICU stay after cardiac
surgery [16]. In these studies, control groups received
either standard care or a dedicated protocol based on cen-
tral venous pressure, mean arterial pressure, heart rate and
hematocrit measurement. The advanced hemodynamic
monitoring leading to goal-directed therapy in experi-
mental groups was always a reference method, either
invasive or necessitating a learning curve and dependent on
the operator.

@ Springer

Several hypotheses and limitations can be discussed to
explain our results. First, ECOM could be unable to pro-
vide reliable information on intraoperative SVV and car-
diac index helping to conduct effective early goal-directed
therapy in the setting of cardiac surgery. Several problems,
as the lack of validity of the mathematical model in human,
the impossibility to know the precise anatomical position
of the cuff and the electrodes for a given patient, the
extension of the electric field produced by the electrodes to
the superior vena cava, the pulmonary artery and the car-
otid arteries, and the absence of detection of the coronary
blood flow, could significantly alter the accuracy of
ECOM. Moreover, ECOM measurements are heavily
dependent upon the fidelity of the arterial line tracing and
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the frequent dampened radial waveform following CPB
[24] could also markedly affect the accuracy of the mea-
surement. We reported a good discrimination of SVV to
predict fluid responsiveness in closed-chest conditions
during the first postoperative hours after cardiac surgery
[11]. The use of intraoperative SVV during open-chest
conditions could be less straightforward, as found with
arterial pulse pressure variation [25]. Second, the intraop-
erative algorithm based on ECOM we used could be
inappropriate or insufficient to significantly improve post-
operative outcome and reduce in-hospital stay. The use of
the ECOM device is obviously limited to the time of

intubation, and then cannot be prolonged beyond the first
postoperative hours for the majority of cardiac surgical
patients. In contrast, Goepfert et al. [16]. demonstrated that
a goal-directed therapy initialized before surgery and
continued throughout ICU led to a clinically reduction in
postoperative complications in elective cardiac surgical
patients. In our study, the postoperative hemodynamic
management was left to the discretion of the attending
anesthesiologist in the two groups of patients. Thus, the
time course of hemodynamic optimization could have been
too short. Furthermore, our algorithm did not take into
account oxygen parameters, as central venous oxygen
saturation, lactate or hematocrit. In contrast, Kapoor et al.
[21]. and Smetkin et al. [20]. included minimal values of
central venous oxygen saturation in their hemodynamic
optimization strategies. While intraoperative hemodynamic
optimization is usually based on fluid loading and stroke
volume and/or cardiac output maximization, the simulta-
neous optimization of oxygenation parameters could be of
importance in the specific setting of cardiac surgery with
CPB. Third, the present study could be underpowered to
draw definitive conclusions. Taken into account the
excluded patients, we calculated a posteriori that we had a
power of 77 % to show an expected difference of 2 days in
the mean duration of hospital stay. The possible hospital
discharge was 9.8 days on average in the control group and
8.7 days on average in the ECOM group (—1.1 day). Thus,
we were unable to conclude for a significant difference.
Further larger scale studies conducted in the setting of both
cardiac and noncardiac surgery are mandatory to definitely
assess the clinical utility of ECOM in improving patients
outcome and reducing in-hospital stay. Fourth, it was a
single-blind study since patients only were blinded to the
study group assignment. We could not use specially
designed endotracheal ECOM tubes in both groups of
patients for economic reasons. This could have been
responsible for partial bias. Furthermore, given the prag-
matic nature of the trial protocol, there was no specific
hemodynamic algorithm in the control group but individual
strategies following an institutional standard of care. This
last point could have favored the ECOM group. Other
previous pragmatic randomized controlled studies con-
ducted in the setting of cardiac surgery used however
standard cares as control [19, 22, 23]. Finally, even if
elective primary coronary surgery is a well-studied and
standardized high-risk surgical model, more high-risk
patients could have a better benefit from our early goal-
directed hemodynamic strategy based on ECOM.

In conclusion, this study demonstrated that in elective
primary coronary surgery, a mini-invasive early goal-
directed hemodynamic therapy algorithm based on ECOM
parameters, initialized immediately after induction of
anesthesia and continued up to the end of surgery, can
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reduce the time to reach extubation but fails to significantly
reduce the length of stay in hospital and the rate of major
cardiac morbidity. Large studies in different subgroups of
high-risk patients undergoing cardiac and noncardiac sur-
gery are mandatory to further clarify the clinical interest of
ECOM in improving postoperative outcome.
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