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Although postoperative mortality remains low following cardiac 
surgery (about 1–5%, depending on the complexity of the surgical 
procedure and preoperative comorbidities), complications remain 
moderately high and are associated with prolonged postoperative 
care.1 Cardiac surgery is associated with complications, such as 
infection, respiratory failure, and acute kidney injury (AKI). Renal 
replacement therapy (RRT) is needed in 1% of patients which 
increases mortality and a few patients may even require long-term 
RRT.2 Perioperative hemodynamic optimization may therefore 
improve the outcome in cardiac surgery patients, whereas 
inadequate oxygen delivery could lead to complications including 
organ dysfunction, prolonged ICU stay, or mortality.3

Optimizing hemodynamic parameters in critically ill patients 
including patients with septic shock and in those undergoing 
major surgery has been an elusive goal.4,5 Goal-directed therapy 
(GDT) is the term used to describe the use of various hemodynamic 
parameters including heart rate, blood pressure, cardiac output, 
or similar parameters to guide intravenous fluid and vasopressor 
and inotropic therapy in these patients.3 In 1988, Shoemaker et 
al. published their seminal paper in which they showed in an RCT 
in perioperative patients that targeted supra-normalization of 
cardiac output in the perioperative period was associated with 
reduced mortality.6 They described the concept of oxygen debt 
and its relevance for the postsurgical period and the development 
of complications. Subsequent studies did not confirm the benefit 
of targeted supra-normalization of hemodynamics. Goal-directed 
therapy came back into focus after the publication of Rivers’ 
study where patients with septic shock were randomized to a 
complex set of interventions that were guided by central venous 
oxygen saturation (ScvO2) which was used as a measure of tissue 
hypoperfusion, and increased oxygen extraction by underperfused 
tissues could result in low ScvO2 values below 70% indicating the 
need for further enhancing oxygen delivery.7 The interventions in 
this study included fluid administration and vasopressors as first-
line interventions to achieve central venous pressure and mean 
arterial pressure targets, followed by the addition of inotropic 
drugs and packed RBC (pRBC) transfusions to raise the hematocrit 
>30% in order to increase the oxygen delivery if ScvO2 remained 
<70%.7 The authors found a statistically significant reduction in 
28-day mortality in the GDT group.7 This study shifted the focus 
from therapeutic goals based on the “upstream” variables, like 
arterial pressure and cardiac output that focused on the oxygen 
delivery, to the “downstream” indicators like ScvO2 and lactate, as 
an estimate of the mismatch between tissue oxygen demand and 
oxygen delivery.

In the years that followed, this concept was extrapolated to 
perioperative care and perioperative GDT was extensively studied. 
Even though the cardiothoracic surgical patients do not behave 
like septic patients, the use of cardio-pulmonary bypass (CPB) 

does cause a complex systemic inflammatory response, along 
with coagulation disorders and multi-organ dysfunction.8 Aya 
et al. found that more than a hundred studies were published till 
2013 on perioperative GDT.1 These studies attempted goal-directed 
manipulation of cardiac preload, afterload, and contractility to 
achieve a balance between systemic oxygen demand and delivery. 
Several important meta-analyses and systematic reviews have 
been published on this subject.1,8,9 The primary outcome studied 
was mortality and secondary outcomes were morbidity and length 
of hospital stay in patients undergoing open heart and also off-
pump cardiac surgery.10 Patients randomized to goal-directed 
hemodynamic therapy had less morbidity and significantly shorter 
hospital stay compared to those in the control group, mortality did 
not differ.1,8–11 In a more recent study,9 the GDT strategy reduced 
the incidence of infection (12.9% vs 29.7%; p = 0.022) and low 
cardiac output syndrome (6.5% vs 26.6%; p = 0.002). There was no 
significant difference between groups in 30-day mortality rates 
(4.8% vs 9.4%, respectively; p = 0.492), stroke (0% vs 7.8%; p = 0.058), 
acute respiratory distress syndrome (0% vs 0%), myocardial ischemia 
(8.1% vs 6.2%; p = 0.742), reoperation (4.8% vs 1.6%; p = 0.361), or 
AKI requiring dialysis or hemofiltration (3.2% vs 0%; p = 0.240).9

However, perioperative GDT has not been widely practiced 
in cardiac surgery patients because of the heterogeneity in the 
protocols and end points in various studies, which in fact reflect 
the wide variation in perioperative monitoring practiced in different 
ICUs. Pulmonary artery catheter (PAC) has been the gold standard in 
intraoperative and postoperative management of hemodynamics 
in cardiac surgery patients. Most of the recent studies have 
used esophageal Doppler to measure CO, and GDT cannot be 
continued after extubation.8–11 Less invasive techniques of volume 
responsiveness, particularly those which rely on pulse contour 
and pulse pressure variation, have been used along with ScvO2 
or lactate levels as indicators of adequacy of tissue perfusion.10,11 
Modern monitors have been used in recent trials with flow-related 
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upstream variable-based goals that measure SV, CO, cardiac index 
(CI), systemic vascular resistance (SVR), global diastolic index 
(GDI), extravascular lung water (EVLW), and global end-diastolic 
volume (GEDV).8 However, many of these modalities fall victim to 
inaccuracy in a setting like arrhythmias (atrial fibrillation occurs 
in 15–40%), extreme bradycardia, spontaneous breathing or 
mechanical ventilation with low tidal volumes, and the presence 
of intra-aortic balloon pump, all of which are common postcardiac 
surgery. Nevertheless, unlike in septic shock where RCTs have 
shown that the GDT has no advantage over conventional treatment, 
multiple meta-analyses of RCTs have confirmed the beneficial role 
of perioperative GDT in reducing morbidity and shortening hospital 
stay in postcardiac surgery patients.

In this issue of the journal, Patel et al. have published their 
results of a comparatively large study in 478 Indian patients, 251 
patients treated by conventional therapy and 227 patients with 
GDT. They used a protocol very similar to that in Rivers’ study.7 The 
authors found no difference in mortality, but a significant reduction 
in complications especially in AKI.12 However, it is not clear whether 
this was a randomized study and also the details of vasopressors 
and inotropes used in the study and the thresholds for adding a 
second drug are lacking. A notable difference was the use of larger 
volumes of fluids in the GDT group.12

Of all the interventions in a GDT protocol, the optimization 
of fluids seems to be the most crucial aspect of GDT.3,13 The 
importance of fluid management has been discussed beautifully 
in an editorial by Fergerson and Manecke.3 Most cardiac surgeons 
and cardiac anesthesiologist are extremely conservation with fluids 
due to concerns related to left ventricular dysfunction in most of 
the postcardiac surgery patients. Fergerson and Manecke3 write 
“there are, however, several limitations to a ‘blind’ fluid restriction 
approach, even in patients with poor cardiac function.” While 
conventional fluid therapy is guided by cardiac output, ejection 
fraction, pulmonary artery wedge pressure, and echocardiography, 
the GDT protocol that incorporates incorporates volume and cardiac 
output related parameters along with oxygen delivery goals and 
downstream parameters of adequacy of tissue perfusion seems to 
improve the outcomes by reducing the complications. Fergerson 
and Manecke term GDT as “goal-directed fluid restriction” in 
contrast to the traditional “blind fluid restriction.”3

In May 2019, the enhanced recovery after surgery (ERAS) 
guidelines for perioperative care in cardiac surgery were released.13 
These guidelines strongly recommend goal-directed fluid therapy 
[strength of recommendation = I (strong); level of evidence = BR 
(moderate quality evidence from 1 or more RCT or meta-analysis 
of moderate-quality RCTs)].13 The guidelines recommend that goal-
directed fluid therapy using a standardized algorithm for all patients 
with quantified goals includes blood pressure, CI, systemic venous 
oxygen saturation, urine output along with oxygen consumption, 
oxygen debt, and lactate levels should be used to reduce 
complication rates and length of stay in cardiac surgery patients.13 

Lastly, we urge readers to note that the ERAS guideline refers to 
this as “goal-directed fluid therapy;” it does not discuss the use of 
interventions like pRBC transfusions to maintain hematocrit >30% 
in order to enhance tissue oxygen delivery and normalize ScvO2, 
which has been a component of several GDT protocols.
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