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Purpose: Early goal-directed therapy (EGDT) using the FloTrac system reportedly
improved postoperative outcomes among high-risk patients undergoing non-cardiac surgery.
This study’s objective was to evaluate the FloTrac/EV1000 platform’s efficacy for improving
postoperative outcomes in cardiac surgery.

Patients and Methods: Eighty-six adults undergoing coronary artery bypass graft (CABG)
with cardiopulmonary bypass (CPB) in 2 tertiary referral centers were randomized to the EGDT
or Control group. The Control group was managed with standard care to achieve the following
goals: mean arterial pressure 65-90 mmHg; central venous pressure 8-12 mmHg; urine output
>0.5 mL-kg '-h™'; oxygen saturation >95%; and hematocrit 26-30%. The EGDT group was
managed to reach similar goals using information from the FloTrac/EV 1000 monitor. The targets
were stroke volume variation <13%; stroke volume index 3365 mL-beat ' -m 2; cardiac index
2.2-4.0 L'min "-m?; and systemic vascular resistance index 1600-2500 dynes-s-cm™>-m™.
Results: The intensive care unit (ICU) stay of the EGDT group was significantly shorter
(mean difference —29.5 h; 95% CI —17.2 to —41.8, P < 0.001). The mechanical ventilation
time was also shorter in the EGDT group (mean difference —11.3 h; 95% CI —2.7 to —19.9,
P =0.011). The hospital LOS was shorter in the EGDT group (mean difference —1.1 d; 95%
CI -0.1 to —2.1, P = 0.038).

Conclusion: EGDT using FloTrac/EV1000 can be applied in CABG with CPB to improve
postoperative outcomes.

Keywords: length of stay, ICU stay, hospital LOS, mechanical ventilation, postoperative

complication

Introduction

Cardiac surgery is a high-risk surgery involving high-risk patients leading to high
morbidity and mortality. Recently, perioperative mortality has decreased due to improved
patient care; however, the morbidity rate remains substantial." As a consequence, 10% of
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patients undergoing cardiac surgery have required prolonged
postoperative care due to hemodynamic instability, organ dys-
function, and/or multiorgan failure, leading to increased cost in
intensive care and hospital care.” Early goal-directed therapy
(EGDT) involves detecting alterations in hemodynamic para-
meters in order to guide intravenous fluid and inotropic or
vasoactive therapy. These interventions enable early manipu-
lation of cardiac preload, contractility, and afterload so as to
achieve predefined goals for balancing tissue oxygen supply
with demand.> Among high-risk patients undergoing non-
cardiac surgery, EGDT is reported to decrease mortality, mor-
bidity, and length of stay (LOS) in intensive care unit (ICU)

1.%3 A few small studies have assessed the benefits

and hospita
of EGDT in cardiac surgery.>* A systematic review includ-
ing all five randomized controlled trials revealed that the use of
EGDT might reduce morbidity and hospital LOS among
patients undergoing cardiac surgery.”

There are several platforms used to define the goals for
EGDT (viz PICCO Plus, FloTrac/EV1000, esophageal
Doppler, and thermodilution pulmonary artery catheter).”
Among them, FloTrac/EV1000 (Edwards Life Sciences,
Irvine, CA, USA) is minimally invasive monitoring that
requires no calibration. FloTrac/EV1000 is relatively easily
operated: connect it to (a) the radial artery catheter used for
direct arterial pressure monitoring and (b) a central venous
cannula. FloTrac/EV1000 then provides real-time informa-
tion (updated every 20 s) on the stroke volume variation
(SVV), stroke volume index (SVI), cardiac index (CI), and
systemic vascular resistance index (SVRI). Initially, the SVV
validation for predicting fluid responsiveness was performed
in closed-chest patients, so it was not recommended in open-
chest situations. Recently, many studies have validated the
use of SVV in open-chest contexts, concluding that SVV and
pulse pressure variation (PPV) can be used for fluid respon-
siveness assessment in patients under either open-chest or
open-pericardium conditions.'®'" EGDT using the FloTrac/
Vigileo (an earlier version of FloTrac/EV1000) was reported
to reduce postoperative complications and LOS in hospital
among high-risk patients undergoing major abdominal
surgery.'>'* The benefit of this system in cardiac surgery,
however, is unsettled. A report using FloTrac/Vigileo infor-
mation for postoperative hemodynamic stabilization in
patients who underwent cardiac surgery revealed inconclu-
sive beneficial effects including decreased hospital LOS.?
A study on the clinical benefit of applying EGDT using the
FloTrac/EV1000 in cardiac surgery is needed. We therefore
aimed to assess the benefit of applying the FloTrac/EV1000
as a tool for EGDT in this group of patients, hypothesizing

that EGDT—using the FloTrac/EV1000 for hemodynamic
optimization during the intraoperative period—would reduce
morbidity, ICU LOS, and hospital LOS.

This study’s objective was to compare postoperative
outcomes between applying EGDT using the FloTrac/
EV1000 platform vs standard care as a tool to manage
hemodynamic parameters in patients undergoing coronary
artery bypass graft (CABG) with cardiopulmonary bypass
(CPB). The primary outcome was ICU LOS—namely, the
difference between the intervention and standard care. The
secondary outcomes were duration of mechanical ventila-
tion in the ICU, hospital LOS, number of inotropic and/or
vasoactive drugs used during different stages, and post-
operative complications.

Materials and Methods

The study was reviewed and approved by the Khon Kaen
University Ethics Committee in Human Research
(HE611321) and registered at www.ClinicalTrials.gov
(NCT04292951) on March 1, 2020. The study was con-
ducted as per the Declaration of Helsinki and the ICH GCP.
Written informed consent was obtained from all subjects.
This study was reported according to the CONSORT

(Consolidated Standards of Reporting Trials) guidelines.

Our study was a multi-center, prospective randomized
controlled trial. The sample size calculation was based on
ICU LOS (4.9 + 1.8 d) after cardiac surgery in a previous
study.” We determined that we needed a sample size of 42 per
group to detect a 25% decrease in ICU LOS with an a-value
0f0.05, a power (1-8) of 0.80, and a 20% dropout. Block-of-4
randomization was performed using a computer-generated
list kept in sealed opaque envelopes. We included patients of
either sex who: 1) were 18 years or older who underwent
elective CABG with CPB under general anesthesia at
Srinagarind Hospital, Khon Kaen University, Khon Kaen,
Thailand or Phramongkutklao Hospital, Bangkok, Thailand;
and, 2) had an American Society of Anesthesiologists (ASA)
classification between II and IV. We excluded patients need-
ing redo surgery, having a contra-indication to central venous
cannulation, requiring intra-aortic balloon pump, or having
ventricular arrhythmias. All surgeons and anesthesiologists
in the study were qualified personnel for cardiac surgery and
anesthesia with > 5 years’ experience.

The patients were randomized to the EGDT or Control
group. The patients and outcome assessors were blinded. All
patients received standard cardiac anesthesia care as per our
institution’s protocol. The monitoring in the operation theater
included electrocardiogram, pulse oximeter, non-invasive
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blood pressure, temperature, capnography, and urine output.
The radial artery was cannulated and connected to a pressure
transducer in the Control group to measure invasive blood
pressure (IBP) or a FloTrac transducer (Edwards Life
Sciences, Irvine, CA, USA) in the EGDT group to measure
IBP as well as SVV, SVI, and CL. The internal jugular vein was
cannulated and connected to another pressure transducer in the
Control group to measure central venous pressure (CVP) or
a pressure transducer connected to the FloTrac/EV1000
(Edwards Life Sciences, Irvine, CA, USA) in the EGDT
group to measure SVRI. All patients received fentanyl 2-3
pg-kg ' and midazolam 1 mg as a premedication. Propofol 2—
3 mgkg ' or etomidate 0.3 mg-kg ' was used as an induction
agent. Endotracheal intubation was facilitated using cis-
atracurium 0.2 mg-kg . Anesthesia was maintained with
50% oxygen in air and 1-2% sevoflurane or 3—6% desflurane
adjusted to achieve 1 minimum alveolar concentration (MAC)
on the monitor to maintain the depth of anesthesia. CPB was
initiated after heparin 3—4 mg-kg ' was administered via the
CVP catheter with an activated clotting time (ACT) > 480 s,
with supplemental doses of 1-2 mg-kg ' to maintain ACT >
400480 s. Mild hypothermia (32°C) was maintained during
CPB. Cardioplegia solution was infused via an aortic root
catheter after aortic cross-clamping. Supplemental cardiople-
gia was administered at the discretion of the cardiac surgeon.
During CPB, mean arterial pressure (MAP) was maintained in
the range of 45-75 mmHg. After terminating the CPB, prota-
mine 1 mg per 1 mg of pre-CPB heparin dose was slowly
injected to reverse the effect of heparin. All patients were
transferred to the ICU and mechanically ventilated. All
patients received standard ICU care. The criteria for ventilator
weaning and extubation were: good consciousness and motor
power, stable cardiovascular status, a PaO,/FiO, ratio > 250
mmHg, and a respiratory rate of 10-25 times-min '. The
criteria for ICU discharge were: good consciousness and neu-
rological signs, stable cardiovascular status with no need for
inotropic or vasopressor drugs and ICU monitoring, and stable
respiratory status with oxygen requirement not more than
60%. Hospital discharge criteria were: stable cardiovascular
and respiratory status, no drain or catheter retained, normal
ambulation, no infection or serious complications, wound-
stitch removed, and normal diet.

During the intraoperative period, both before and after
CPB, the Control group received fluid, inotropic, and/or
vasoactive drugs at the discretion of the attending anesthe-
siologists to achieve the following goals: MAP 65-90
CVvP 8-12 urine  output >

mmHg; mmHg;

0.5 mL-kg "*h™'; SpO, > 95%; and hematocrit 26-30%.
Arterial blood gas (ABG) and electrolytes were monitored
and corrected hourly. In the EGDT group, the patients
were managed to achieve similar goals: MAP 65-90
mmHg; urine output > 0.5 mL-kg71~h71; SpO, > 95%;
and hematocrit 26-30%, using information from the
FloTrac/EV1000. The EGDT group received: fluid to
maintain a SVV < 13%; inotropic drugs to achieve a SVI
of 33-65 mL-beat ''m ? and CI of 2.2-4.0 L'min "'m %
and/or vasoactive drugs to achieve a SVRI of 1600-2500
dynes-s-cm™-m™>. ABG and electrolytes were monitored
and corrected in the same manner.

Parameters recorded included: the volume of fluid,
amount of inotropic and/or vasoactive drugs used during
pre-CPB, post-CPB, transfer to the ICU, and in the ICU.
Also recorded were time of mechanical ventilation in the
ICU, ICU and hospital LOS, and all complications.

Statistical Analysis

Continuous data were tested for Gaussian distribution
using the Shapiro—Wilk test. Data with a normal distribu-
tion were presented as a mean + standard deviation (SD)
and compared using the unpaired Student’s t-test. Data
with a non-Gaussian distribution were presented as
a median (inter-quartile range) and compared using the
Mann—Whitney U-test. Categorical data were presented
as a number (%) and compared using a y* test. The
primary outcome was presented as a mean difference
with a 95% confidence interval (CI). P < 0.05 was con-
sidered statistically significant. All data were analyzed
using SPSS 16.0 (SPSS Inc., Chicago, IL, USA).

Results

Eighty-six patients were recruited between March 2020
and December 2020 with 44 and 42 patients in the
EGDT and Control group, respectively (Figure 1). Patient
characteristics and clinical data were similar between the
two groups except for more crystalloid intake, and more
urine output in the EGDT group (Table 1).

The ICU LOS of the EGDT group was significantly
shorter than the Control group (mean difference —29.5 h;
95% CI —17.2 to —41.8, P < 0.001). The mechanical
ventilation time was also less in the EGDT group (mean
difference —11.3 h; 95% CI —2.7 to —19.9, P =0.011). The
hospital LOS was shorter in the EGDT group than in the
Control group (mean difference —1.1 d; 95% CI —0.1 to
=2.1, P = 0.038) (Table 2).

Medical Devices: Evidence and Research 2021:14

203

Dove:


https://www.dovepress.com
https://www.dovepress.com

Tribuddharat et al

Dove

[ Enroliment ]

Assessed for eligibility (n =92)

Excluded (n = 6)

Randomized (n = 86)

l

y [ Allocation ] y

EGDT (n = 44) Control (n = 42)
l [ Follow-Up J l

EGDT (n = 44) Control (n = 42)
l [ Analysis ] l

EGDT (n = 44) Control (n = 42)

Figure | CONSORT diagram of the study.
Abbreviation: CONSORT, Consolidated Standards of Reporting Trials.

The EGDT group received a higher number of inotro-
pic and/or vasoactive drugs than the Control group in the
pre-bypass period (P <0.001), but required less in the post-
bypass (P = 0.002) and postoperative period before trans-
fer to the ICU (P <0.001) (Table 3). In the ICU, the EGDT
group required less and a shorter duration of inotropic and/
or vasoactive drugs than the Control group (Table 4).

The postoperative complications are presented in
Table 5. The EGDT group had less atrial fibrillation (AF)
with rapid ventricular response (RVR), acute respiratory
distress syndrome (ARDS), and acute renal injury (AKI)
than the Control group.

Discussion

The current study demonstrates that intraoperative hemo-
dynamic optimization using a EGDT-driven protocol via
the FloTrac/EV1000 system can decrease ventilator time,
reduce ICU and hospital LOS, and lower postoperative
complications in patients undergoing CABG with CPB.
Our results are similar to a systematic review including 5
randomized controlled trials which concluded that the use
of EGDT in cardiac surgery reduced complication and
hospital LOS.? Patients with ischemic heart disease may
experience low cardiac output at different stages during

CABG leading to intraoperative hypotension (IOH),
which further compromises myocardium oxygen supply,
increasing the need for inotropic and/or vasoactive drugs
and leading to postoperative complications. Early recogni-
tion and treatment of low cardiac output results in better
outcomes.” Most anesthesiologists set MAP at between 90—
105 mmHg as the principal goal for managing low cardiac
output.> The MAP, however, does not always represent
cardiac output. MAP depends on two factors—viz cardiac
output and systemic vascular resistance (SVR)—while car-
diac output relies on preload and contractility. Thus, there
are three variables that affect MAP—viz preload, contrac-
tility, and afterload or SVR. A normal MAP can be found
in situations of low cardiac output with a high SVR result-
ing in tissue hypoperfusion. Treatment of IOH without
precise information regarding these three variables may
lead to mismanagement which may increase pharmacologic
requirement, complications, and ICU and hospital LOS. In
EGDT, these three variables are continuously monitored
and early manipulated to optimize pressure and flow to
perfuse body organs resulting in better outcomes.

EGDT applied intraoperatively has been reported to
improve postoperative outcomes in non-cardiac major
surgery,™ as well as cardiac surgery.>'* There are several
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Table | Characteristics and Clinical Data of Patients (n = 86)

Variable EGDT (n = 44) Control (n = 42) P-value
Male/female 29 (65.9)/15 (34.1) 30 (71.4)/12 (28.6) 0.581
Number of vessel anastomosis 0.971

2 2 (4.6) 2 (4.8)

3 21 (47.7) 20 (47.6)

4 18 (40.9) 16 (38.1)

5 3 (6.8) 4 (9.5)
Functional class 0.494

| I (2.1) 0 (0)

2 23 (53.2) 26 (76.2)

3 19 (42.6) 16 (23.8)

4 I (2.1) 0 (0)
ASA classification 0.327

2 8 (18.2) 10 (23.8)

3 34 (77.3) 32 (76.2)

4 2 (4.5) 0 (0)
Age (y) 64.8 + 10.0 64.7 + 83 0.960
Body weight (kg) 62.7 + 13.7 637114 0.715
Height (cm) 160.1 £ 7.1 160.9 + 6.4 0.585
Ejection fraction (%) 55.1 £ 10.7 57.0 + 139 0.478
CKD 11 (25) 10 (23.8) 0.898
On hemodialysis 3 (6.8) 0 (0) 0.085
Creatinine (mg-dL™")

Preoperative 1.5%09 1307 0.255

Postoperative 0 h 14+1.0 12 £ 0.6 0.267

Postoperative 6 h 1.5+0.9 13+£08 0.280

Postoperative 12 h 1.5+1.0 14+07 0.594

Postoperative 24 h 1.6 £ 1.0 1.5+08 0.611

Postoperative 48 h 1.7 £ 1.1 1.5+ 1.0 0.381
Sodium (mEq L") 135.8 + 26.2 138.7 + 34.1 0.626
Potassium (mEq L") 4304 42104 0.250
Blood sugar (mg-dL ") 1355 + 33.7 1243 + 323 0.120
Hemoglobin (g-dL ")

Preoperative 11.6 £2.5 122 + 1.7 0.199

Postoperative 105 I.1 108 = I.1 0.210
Albumin (mg-dL™") 3907 40+0.8 0.539
Platelet (x10° L") 265.0 £ 100.6 2404 £ 752 0.204
INR I.1 £0.2 1.0+03 0.071
Anesthesia time (min) 420.3 £ 99.8 4219 £ 87.0 0.937
CPB time (min) 1184 + 443 119.1 £ 264 0.930

(Continued)
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Table | (Continued).
Variable EGDT (n = 44) Control (n = 42) P-value
Aortic cross-clamp (min) 69.7 +22.7 77.9 £ 203 0.081
Partial cross-clamp (min) 22.7 + 3.7 21.5+ 109 0.492
Operation time (min) 360.3 + 982 361.8+814 0.939
Lactate (mmol L")
Postoperative 0 h 23+ 19 30+ 1.8 0.083
Postoperative 24 h 26+ 1.3 32+ 19 0.107
Postoperative 48 h 1.9 + 0.9 2119 0.531
Postoperative 72 h 1.9+08 1.6 0.9 0.106
Crystalloid intake (mL) 2046.9 * 743.5 1736.2 + 6234 0.039
Blood loss (mL) 935.7 £ 2134 968.3 + 300.8 0.562
Urine output (mLkg ' h™") 35+£22 2.1 = 1.1 <0.001

Note: Data are expressed as mean * SD or number (%).
Abbreviations: ASA, American Society of Anesthesiologists; CKD, chronic kidney disease; INR, international normalized ratio; CPB, cardiopulmonary bypass.

Table 2 Postoperative Outcomes (n = 86)

EGDT (n = 44) Control (n = 42) Mean Difference 95% ClI P-value
ICU stay (h) 489 £ 114 784 £ 394 —29.5 —17.2 to —41.8 <0.001
Ventilator time (h) 139 7.1 252 £ 279 -3 —2.7 to —19.9 0.011
Hospital stay (d) 99 +£20 11.0+£28 =11 —0.1 to —2.1 0.038
Note: Data are expressed as mean * SD.
Abbreviation: ICU, intensive care unit.
Table 3 Number of Drugs Required at Different Stages for Each Group (n = 86)
EGDT (n = 44) Control (n = 42) P-value
Drug requirement during pre-bypass <0.001
0 1 (2.3) 6 (14.3)
| 6 (13.6) 31 (73.8)
2 30 (68.2) 5(119)
3 7 (15.9) 0(0)
Drug requirement during post-bypass 0.002
0 12 (27.3) 0(0)
| 20 (45.5) 20 (47.6)
2 10 (22.7) 20 (47.6)
3 2 (4.5) 2 (4.8)
Drug requirement before transfer to ICU <0.001
0 27 (61.4) 1 (2.4)
| 11 (25.0) 22 (52.4)
2 6 (13.6) 17 (40.5)
3 0 (0) 2 (47)

Note: Data are expressed as number (%).
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Table 4 Duration of Inotropic and Vasoactive Drugs Used in ICU
Drug Immediately at ICU POD 1-4 P-value
Postoperative (n) Postoperative (n) Postoperative (h)
EGDT Control EGDT Control EGDT Control
(n = 44) (n = 42) (n = 44) (n = 42) (n = 44) (n = 42)
Epinephrine | 23 3 21 20+ 1.0 16.6 £ 15.0 <0.001
Norepinephrine 4 7 3 15 53+06 249 + 188 <0.001
Dobutamine 5 15 12 25 348 + 15.0 50.0 + 40.6 0.022
Dopamine 7 6 7 10 63+ 1.3 93+ 8.1 0.018
NTG 2 13 14 26 208 £ 85 289 + 188 0.011
Nicardipine 0 0 | 7 6.2 +20 93+48 <0.001
Note: Data are expressed as mean * SD.
Table 5 Postoperative Complications
EGDT (n = 44) Control (n = 42) P-value
Postoperative complication
AF with RVR 1 (2.3) 14 (33.3) <0.001
VF 0 (0) I (2.4) 0.303
SVT 0 (0) | (24) 0.303
Cardiogenic shock 0 (0) 2 (4.8) 0.143
Post-bypass IABP 0 (0) I (2.4) 0.303
Reintubation 0 (0) 2 (4.8) 0.143
VAP 0 (0) 2 (4.8) 0.143
ALl 0 (0) I (2.4) 0.303
ARDS 0 (0) 6 (143) 0.009
Post-bypass IABP 0 (0) 1 (2.4) 0.303
Sepsis 0 (0) | (24) 0.303
AKI 0 (0) 8 (19.0) 0.002

Note: Data are expressed as number (%).

Abbreviations: AF, atrial fibrillation; RVR, rapid ventricular response; VF, ventricular fibrillation; SVT, supraventricular tachycardia; IABP, intra-aortic balloon pump; VAP,
ventilator-associated pneumonia; ALI, acute lung injury; ARDS, acute respiratory distress syndrome; AKI, acute kidney injury.

means for determining the goals of EGDT—ie, PICCO Plus,
FloTrac/EV1000, esophageal Doppler, and thermodilution
pulmonary artery catheter” We chose a fourth-generation
FloTrac with EV1000 to provide the goals for EGDT because
this platform is less invasive, relatively easy to use, and can
provide continuous real-time data. Although one of the limita-
tions of the SVV is that it is not recommended in patients with
an open thorax, many studies have confirmed its efficacy for
assessing fluid responsiveness and improving postoperative
outcomes in open-chest surgery.'®'"'* One study reported
on the use of the FloTrac/Vigileo system for EGDT in mod-
erate to high-risk cardiac surgery during the postoperative
period in the ICU. Their approach demonstrated significantly
more extra volume used and a greater number of times ino-
tropic agents needed to be changed. Their EGDT group had
a shorter duration of inotropic agent used, a shorter duration of
ventilator support, and a shorter ICU and hospital LOS. The

difference between groups was clinically but not statistically
significant, owing to the small sample size.’

Differently, our study applied the EGDT protocol from
the beginning until the end of the surgery, resulting in
similar outcomes with statistical significance. The EGDT
group required more fluid and drug requirements during
the pre-bypass period to optimize the SVV, SVI, CI, and
SVRI based on information from the FloTrac/EV1000 to
achieve a target MAP. These achievements resulted in
better myocardium perfusion leading to less drug require-
ment during post-bypass and before transfer to the ICU.
The EGDT group also required significantly fewer and
a shorter duration of inotropic and/or vasoactive drugs in
the ICU, leading to a shorter requirement for ventilator
support, as well as a shorter ICU and hospital LOS. The
EGDT group developed fewer postoperative complications
than the Control group, as in a previous study.’ The
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assumption is that the fewer complications in the EGDT
group are the result of more optimized tissue perfusion in
the EGDT group during the intraoperative period than in
the Control group.

The cardiac output measurement agreement between the
FloTrac/Vigileo system and the thermodilution technique in
cardiac surgery is inconclusive.'> 7 Nevertheless, our study
shows that using the FloTrac/EV1000 system in cardiac
surgery results in better postoperative clinical outcomes.

Although we did not use the bi-spectral index (BIS) to
control anesthesia depth, we used the MAC value to monitor
and control depth of anesthesia. The end-tidal concentration
of sevoflurane or desflurane was adjusted to achieve 1 MAC
for a given age (MAC,,) on the monitor.'® With the additive
effect of fentanyl (~0.5 MAC) and cisatracurium (~0.5
MAC),'”?° the total depth of anesthesia was approximately
2 MAC (~MAC-BARyy), which is optimal.

This study has a few limitations. The attending
anesthesiologists could not be blinded. Although we
recruited 86 patients from two tertiary hospitals in
Thailand, the sample size was relatively small, so a multi-
center study with a larger sample size is recommended.
The FloTrac/EV1000 platform requires a substantial initial
capital investment; however, it reduces ICU and hospital
LOS with off-setting cost savings. A cost-effectiveness
study regarding this aspect is suggested.

Conclusion

Compared with standard care, intraoperative hemody-
namic optimization using the FloTrac/EV1000 platform
for EGDT protocol in patients undergoing CABG with
CPB resulted in shorter ventilator time, shorter ICU and
hospital LOS, and fewer postoperative complications. The
FloTrac/EV1000 can be applied in CABG with CPB to
improve postoperative outcomes.
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