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therapy approach may improve patient outcomes.
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Recent attention has focused on intraoperative hypotension (IOH) and hemodynamic instability. This enhanced
awareness to limit IOH, combined with fluid restriction and increased vasopressor use, has been associated

with an increase in postoperative acute kidney injury. Recent literature supports improved intraoperative monitor-
ing of mean arterial pressure (MAP), fluid management, and appropriate use of vasopressors and inotropic support
for hemodynamic management. Implementing an algorithm to manage the causes of IOH minimizes iatrogenic harm
by guiding anesthesia clinicians to select the appropriate interventions at the optimal time. This ensures a com-
prehensive evaluation of contributing factors such as fluid deficits, myocardial depression, and vasodilation. Shift-

ing attention from the MAP displayed on the physiologic monitor to more individualized care with a goal-directed
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Numerous recent studies have demonstrated an asso-
ciation of intraoperative hypotension (IOH) with nega-
tive patient outcomes, such as mortality, acute kidney
injury (AKI), myocardial injury after non-cardiac surgery
(MINS), stroke, postoperative cognitive dysfunction/
delirium, and mortality (Cai et al. 2023; Calvo-Vecino
et al. 2018; Chiu et al. 2022; Duan et al. 2023; French &
Scott 2022; Gregory et al. 2020; Maheshwari et al. 2020a;
Martin et al. 2020; Salmasi et al. 2017; Stapelfeldt et al.
2021; Sessler et al. 2019; Wesselink et al. 2018). Increased
IOH severity and/or duration is associated with increased
risk of these negative outcomes (French et al. 2021; Fut-
ier et al. 2017; Gregory et al. 2020; Putowsky et al. 2021;
Salmasi et al. 2017; Sessler et al. 2019; Wesselink et al.
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2018). Many recent observational cohort studies describe
associations between hemodynamic instability, hemody-
namic management, and patient outcomes. This lower to
moderate-quality supporting evidence cannot be used at
this time to ascertain the cause of patient morbidity and
mortality. It is unknown if the increased risk of negative
outcomes is due to the advanced age or increased co-
morbidities of the current patient population, anesthetic
practice, or any combination of these. Although causal
evidence is currently insufficient, anesthesia clinicians
should proactively take measures to prevent or treat sig-
nificant IOH while awaiting interventional trials.
Anesthesia clinicians should minimize the occurrence,
severity, and duration of IOH. However, recent anes-
thetic practice trends of fluid restriction and increased
vasopressor use have been associated with increased
risk of patient morbidity and mortality (Chiu et al. 2022).
Recommendations for intraoperative fluid administra-
tion and hemodynamic management have evolved over
the last several years, yet tremendous variation persists
in clinical practice (Ariyarathna et al. 2022; Christensen
et al. 2021; Perel 2020; Saasouh et al. 2023; Shah et al.
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2020). Goal-directed therapy (GDT) strategies optimize
patient hemodynamic status, prevent organ hypoperfu-
sion, and are associated with decreased length of stay
(LOS) and perioperative complications, such as AKI,
surgical site infections (SSIs), pneumonia, ileus, post-
operative nausea and vomiting (PONV), and mortal-
ity (Calvo-Vecino et al. 2018; French et al. 2021; Futier
et al. 2017; Giglio et al. 2019; Jessen et al. 2022; Miller
& Myles 2019; Perel 2020; Ripollés et al. 2016; Sun et al.
2017; Zhang et al. 2018). Implementing GDT protocols
may help reduce clinical practice variation and associ-
ated negative outcomes, thereby improving patient safety
(Boekel et al. 2021; de Keijzer et al. 2023).

The causes of derangements of hemodynamic instabil-
ity producing IOH must remain the priority for anesthe-
sia clinicians to choose the most appropriate treatments
at the right time. A review of recent evidence on appro-
priate hemodynamic management strategies may assist
anesthesia clinicians in caring for the increasingly chal-
lenging patient population to improve outcomes. This
narrative review aims to bridge a potential gap between
anesthesia clinicians’ awareness of negative postoperative
effects associated with intraoperative hemodynamic mis-
management and evidence-based strategies to improve
outcomes for surgical patients. Additionally, real-world
application of GDT strategies will be discussed to aid the
frontline anesthesia clinician in incorporating its use.

Traditional endpoints and their challenges

The historical practice of calculating intraoperative
fluid requirements as the sum of hourly maintenance,
NPO deficits, blood loss, and evaporative loss is based
on incorrect, antiquated assumptions and led to many
adverse postoperative outcomes (Corcoran et al. 2012).
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This strategy was also guided by traditional indicators
of hypovolemia, including heart rate, blood pressure
(BP), urine output, or central venous pressure. However,
changes in these parameters are late indicators of hypo-
volemia (Davies & Mythen 2021; Hamilton-Davies et al.
1997). Heart rate and BP are unreliable because they may
change in response to surgical stimulation and medica-
tions, may not change in patients taking cardiovascular
medications such as beta-blockers, or may remain within
normal limits until a 25% reduction in volume occurs
(Davies & Mythen 2021). Urine output is an unreliable
indicator of hypovolemia because surgical stimulation
causes antidiuretic hormone excretion, which reduces
urine output. Central venous pressure indicates the pres-
sure of the right atrium, not volume status, and may
remain normal even after heart rate and BP finally change
in response to significant hypovolemia. These traditional
endpoints are static measures of cardiovascular function
and poor indicators of fluid requirements (Martin et al.
2020).

History of goal-directed therapy

Whereas traditional and restrictive therapies are based
on calculations and use ineffective traditional endpoints,
goal-directed therapy (GDT) strategies incorporate an
advanced hemodynamic monitor and use a specific end-
point or goal to guide optimal timing and administration
of fluids, inotropes, and vasopressors to optimize tis-
sue oxygen delivery (Calvo-Vecino et al. 2018; Ripollés
et al, 2016; Tote & Grounds 2006). GDT may be con-
ceptualized as a broad category encompassing the sub-
categories of goal-directed fluid therapy (GDFT) and
goal-directed hemodynamic therapy (GDHT). Figure 1
depicts the recent GDT concept and its components.
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GDFT was the first iteration of a goal-directed strategy
concept and was introduced within Enhanced Recovery
After Surgery (ERAS) protocols to help minimize fluid
overload by using a monitor to guide fluid bolus adminis-
tration and evaluate fluid responsiveness. After the publi-
cation of conflicting evidence regarding the GDFT effect
on patient outcomes, the benefits of this strategy were
questioned, and initial implementation slowed (French &
Scott 2022). The lack of evidence supporting GDFT ben-
efits was most likely due to numerous benefits observed
from ERAS protocol components, including surgical
advancements, avoidance of preoperative dehydration,
and avoidance of fluid overload (Brandstrup et al. 2012;
Miller et al. 2015; Srinivasa et al. 2013). The implemen-
tation of GDFT was hindered by insufficient evidence,
which led to a lack of support from anesthesia clinicians.
This challenge was further complicated by a knowledge
gap concerning optimal fluid administration and the
absence of advanced hemodynamic monitors and proto-
cols to facilitate their use (Boekel et al. 2021).

Note. The figure depicts the concept of GDT encom-
passing the sub-categories of goal-directed fluid ther-
apy (GDFT) and goal-directed hemodynamic therapy
(GDHT) strategies. The figure suggests targeted inter-
ventions based on correcting the specific hemodynamic
values of stroke volume variation (SVV), pulse pressure
variation (PPV), stroke volume (SV), cardiac index (CI),
systemic vascular resistance (SVR), and mean arterial
pressure (MAP). Managing intraoperative hemodynam-
ics with a comprehensive focus on overall perfusion
rather than solely on fluid optimization is associated with
a reduction in postoperative complications.

In addition to embodying the core concepts of GDFT,
GDHT incorporates hemodynamic optimization to
maintain BP and avoid IOH (Calvo-Vecino et al. 2018;
Tote & Grounds 2006). Recently, GDHT and GDFT con-
ceptually merged into the more comprehensive, mod-
ern idea of GDT. Multiple recent studies demonstrate
the superiority of GDT over traditional approaches and
support its use to reduce postoperative morbidity and
mortality in low-, moderate-, and high-risk procedures
(Calvo-Vecino et al. 2018; Futier et al. 2017; Zhang et al.
2018). Despite this evidence, confusion may persist for
many anesthesia clinicians about the benefits and how
to incorporate advanced hemodynamic monitoring.
Another challenge appears to be appropriately interpret-
ing the monitor information to tailor the administration
of fluids, inotropes, and vasopressors in a GDT strategy
(Martin et al. 2020). The merging and interchanging of
terms may contribute to the current confusion regarding
the benefits of GDT (French & Scott 2022). Anesthesia
clinicians may consider GDT the original GDFT concept,
which showed conflicting results within ERAS protocols.
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Adding to the confusion, some trials reported no sig-
nificant difference in patient morbidity, mortality, or
length of stay in GDHT groups, yet the GDHT protocol
used lacked a stepwise approach to treating the cause of
hemodynamic instability (Pearse et al. 2014; Pestaria et al.
2014). After the first fluid challenge, the OPTIMISE trial
intraoperative protocol relied on a continuous infusion of
dopexamine, a beta-2 and dopamine-1 agonist with vaso-
dilatory effects and no direct beta-1 properties (Pearse
et al. 2014). The OPTIMISE 1II trial had similar limita-
tions to OPTIMISE I and used a continuous dobutamine
infusion in a stroke volume (SV)-guided protocol (OPTI-
MISE II Trial Group 2024). While these studies followed
a form of GDT, they did not incorporate a fully compre-
hensive hemodynamic optimization strategy (OPTIMISE
II Trial Group 2024; Pearse et al. 2014). In contrast, GDT
protocols associated with reductions in postoperative
complications consider the entire hemodynamic picture
and optimize preload, contractility, and afterload sta-
tus by considering factors affecting each in a stepwise
approach (Calvo-Vecino et al. 2018; Futier et al. 2017;
Martin et al. 2020; Miller & Myles, 2019; Perel 2020;
Zhang et al. 2018). OPTIMISE II did not actively apply
the principles of targeting vasopressors and inotropes at
specific endpoints, making it a limited representation of a
comprehensive GDT strategy.

Three systematic reviews and meta-analyses of GDHT
effects in non-cardiac surgery reported reductions in
postoperative morbidity and mortality (Jessen et al. 2022;
Sun et al. 2017) or significant reductions in complications
but no difference in mortality (Ripollés et al. 2016). Jessen
et al. (2022) described their results as imprecise and with
low certainty of evidence and recommended larger trials
for confirmation. One limitation of this systematic review
is the heterogeneity of the included trials. Many trials in
this review used protocols focusing on fluid optimization
alone rather than overall hemodynamic optimization by
incorporating indicators of contractility and afterload.
Conversely, numerous trials with protocols encompass-
ing preload, contractility, and afterload were associated
with reduced postoperative complications, mortality,
or length of stay (Benes et al. 2010; Calvo-Vecino et al.
2018; Colantonio et al. 2015; Kim et al. 2018; Luo et al.
2017; Salzwedel et al. 2013; Zhang et al. 2018; Zheng
et al. 2013). Furthermore, a meta-analysis on GDHT
and postoperative kidney injury found significant reduc-
tions in AKI in studies that utilized the hemodynamic
targets of cardiac output and oxygen delivery, while also
incorporating both fluids and inotropes as interven-
tions (Giglio et al. 2019). Recognizing that not all GDT
protocols are the same is crucial for anesthesia clinicians
to support changes in clinical practice. GDT strategies
that incorporate a protocol that optimizes intraoperative
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hemodynamics by considering the entire picture of per-
fusion (i.e., preload, contractility, afterload) are associ-
ated with decreased postoperative complications.

Evidence-based GDT strategies

Increased awareness of the benefits of GDT, how to use
advanced monitors appropriately to guide care, and the
simplified method of optimizing hemodynamic status
through an algorithmic approach may improve outcomes
for the surgical patient (Calvo-Vecino et al. 2018; Fut-
ier et al. 2017; Martin et al. 2020; Miller & Myles, 2019;
Perel 2020; Zhang et al. 2018). Blood pressure alone is
an unreliable indicator of hemodynamic instability, but
advanced hemodynamic parameters do indicate when a
problem exists. GDT strategies include using a monitor
with advanced hemodynamic parameters that provide
preload, contractility, and afterload information, most
importantly SV, stroke volume variation (SVV), pulse
pressure variation (PPV), CO, CI, and systemic vascu-
lar resistance (SVR). The dynamic values offered by the
GDT monitor are based on concepts of the Frank-Star-
ling relationship and accurately predict fluid responsive-
ness (Martin et al. 2020). Protocols involving continuous
assessment and individualized optimization of these mul-
tiple dynamic parameters reflect the definition of a GDT
strategy by targeting specific endpoints at the most
appropriate time. OPTIMISE II primarily focused on SV
optimization without systematically incorporating these
additional hemodynamic targets. Furthermore, using a
fixed low-dose dobutamine infusion rather than titrat-
ing inotropic and vasopressor therapy to real-time physi-
ological needs limited its applicability.

Using a protocol to treat the causes of instability and
IOH with a stepwise approach improves hemodynamic
status by optimizing the physiologic determinants of
SV (Calvo-Vecino et al. 2018; Kouz et al. 2023a; Saugel
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et al. 2024; Scott & APSF, 2024). Recent studies incorpo-
rating a GDT protocol for intraoperative hemodynamic
management demonstrated improved patient outcomes,
fewer complications, and less IOH (Boekel et al. 2021;
Calvo-Vecino et al. 2018; Futier et al. 2017; Wijnberge
et al. 2020; Zhang et al. 2018). The GDT protocols used
in these studies guide the anesthesia clinician in assessing
and treating causes of IOH by first optimizing preload,
contractility, and afterload, in this order. Addressing
preload first by correcting intravascular volume deficits
with fluid moves the patient upward on their Frank-Star-
ling curve, therefore improving SV (Martin et al. 2020;
Miller et al. 2015). A resultant increase in SV of about
10% indicates the patient is fluid-responsive (Martin
et al. 2020; Miller et al. 2015; Vincent et al. 2020). Once
fluid needs are met, contractility is addressed next. Ino-
tropes should be given to treat myocardial depression
or reductions in CI (Saugel et al. 2024). After SV has
been optimized by addressing preload and contractil-
ity, attention may then be focused on afterload (French
et al. 2021). Vasoplegia, indicated by decreased SVR,
is treated with vasopressors (Calvo-Vecino et al. 2018).
Yerdon et al. (2024) illustrated this concept with their
“Fill, Flow, Pressure” infographic for Certified Registered
Nurse Anesthetists (CRNA) education on progressing
through optimizing preload with volume administration
(i.e., “Fill”), contractility and end-organ perfusion with
inotropes (i.e., “Flow”), and afterload with vasopressors
(i.e., “Pressure”). Figure 2 provides a practical clinical
application of this stepwise approach in a GDT proto-
col. Following this algorithm in treating causes of IOH
avoids iatrogenic harm by choosing the wrong treatment,
such as giving vasopressors to improve IOH without cor-
recting fluid deficits or myocardial depression. In the
context of GDT, anesthesia clinicians should recall and
address the potential reversible causes of hemodynamic

HEMODYNAMIC TREATMENT INTERVENTION | ASSESSMENT OF
SV DETERMINANT VALUE THResHOLD | 'NTERVENTION EXAMPLE INTERVENTION
SV SVI. SV J SV/svi 200-250 mL sV by 10%
iﬁ PRELOAD ’ PPQ/ ’ NSV (213%)  Fluid bolus crystalloid or J SW
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Fig. 2 Practical clinical application of goal-directed therapy (GDT) protocol
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instability, such as reducing the anesthetic level if too
deep, releasing pneumoperitoneum, or changing patient
position. Once known causes of hemodynamic instability
are corrected, anesthesia clinicians may consider the “fill,
flow, pressure” algorithm.

Note. The figure provides an example of a stepwise
approach in a GDT protocol addressing preload, contrac-
tility, and then afterload, and includes monitored values,
interventions, and reassessments (Calvo-Vecino et al.
2018; Futier et al. 2017; Wijnberge et al. 2020; Yerdon
et al. 2024).

Hemodynamic values include stroke volume (SV),
stroke volume index (SVI), stroke volume variation
(SVV), pulse pressure variation (PPV), cardiac index (CI),
systemic vascular resistance (SVR), and systemic vascular
resistance index (SVRI).

*Lower volume (e.g., 100 mL) may be appropriate for
patients with renal or heart failure (Martin et al. 2020).

GDT experience and protocol compliance

Using standardized GDT protocols helps clinicians
incorporate advanced hemodynamic parameters into evi-
dence-based fluid and hemodynamic strategies, improves
end-user buy-in, and is associated with reduced patient
complications (Boekel et al. 2021; Calvo-Vecino et al.
2018; Martin et al. 2020). One study evaluated the impact
of an educational intervention and protocol implemen-
tation on IOH (de Keijzer et al. 2023). They found that
while the surveyed clinicians believed they possessed
adequate knowledge and skills to treat IOH before the
educational intervention, the duration and severity of
IOH were worse in the baseline group compared to the
test group with education and a protocol (de Keijzer et al.
2023). Additionally, more inotropes were administered in
the protocol test group, suggesting that protocol adher-
ence may be associated with IOH reductions (de Keijzer
et al. 2023). Other studies attributed the positive impact
of GDT protocol implementation on minimizing IOH to
the clinicians’ skills and prior experience (Frassanito et al.
2023; Lorente et al. 2023).

Another study that found no benefit in using an intra-
operative GDT protocol in minimizing IOH discussed
the possible contributing factors of clinician mistrust
and difficulty using the protocol, which led to clinicians
ignoring alerts and poor protocol compliance (Mahesh-
wari et al. 2020b). These researchers recommended
emphasizing education on protocol compliance and
providing treatment guidance for future trials (Mahesh-
wari et al. 2020b). In another study assessing the effect of
GDT protocol compliance on postoperative outcomes,
researchers reported that high protocol compliance was
associated with reductions in severity and overall post-
operative complications (Boekel et al. 2021). These recent
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studies suggest that clinician education and protocol
compliance are vital to improving patient outcomes.

Which patients/procedures need GDT?

Adding a GDT monitor and required disposables is asso-
ciated with additional costs, which vary depending on
the manufacturer, compared with traditional monitor-
ing without this technology. Miller and Myles (2019)
suggested a risk-adapted matrix for determining which
patients and procedures should receive GDT manage-
ment. GDT strategies are associated with the greatest
improvement in patient outcomes when used in mod-
erate to high-risk patients (e.g., American Society of
Anesthesiologists [ASA] Physical Status >III or IV) or
moderate-to-high-risk procedures. These procedures
involve a greater risk for fluid shifts and/or blood loss,
such as major abdominal surgery or multiple-level spinal
fusions. Additionally, GDT should be considered in mod-
erate to high-risk patients having lower-risk procedures
not associated with fluid shifts and/or blood loss (e.g., an
ASA 1V patient with an ejection fraction of 10% having a
laparoscopic cholecystectomy) (Miller & Myles 2019). If
blood samples are not needed for intraoperative labs, the
risks of placing an arterial line can be avoided by choos-
ing a non-invasive finger cuff for GDT and continuous BP
monitoring. If both the patient and procedure are con-
sidered moderate to high-risk (e.g., an ASA IV patient
having a liver resection), intraoperative GDT is recom-
mended, and postoperative admission to the intensive
care unit should be considered. GDT is not indicated for
a healthy ASA I patient having a low-risk procedure.

Alternatives for clinicians without access to GDT
monitors

Many anesthesia clinicians may not have the advanced
technology available, making GDT strategies challenging
without the additional hemodynamic values to assist in
treatment decisions and assessment of those treatments.
In this situation, anesthesia clinicians may consider the
recommendations from the RELIEF trial, which com-
pared liberal and restrictive fluid approaches (Myles et al.
2018). The conclusion of this trial was that restrictive
approaches are associated with a greater risk of AKI and
SSI. The authors recommended a moderately liberal fluid
strategy, defined as 10—12 mL/kg/hr or a net balance of
positive one to 2 L for major surgery and half to 1 L in
minor outpatient procedures. Recently published con-
sensus recommendations support this strategy aiming
for 1-2 L of positive balance by the end of the surgical
procedure (Ostermann et al. 2024). Anesthesia clinicians
without access to advanced hemodynamic technology
should recall the various causes of IOH and hemody-
namic instability, such as anesthetic effects, myocardial
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depression, hypovolemia, vasodilation, or bradycardia,
and address all aspects of flow to enhance perfusion
(Saugel et al. 2024; Scott & APSF, 2024). Recent consen-
sus recommendations for managing hemodynamic insta-
bility include using a logical approach with fluid, blood
products, inotropes, and vasopressors so that interven-
tions most effectively address the problem and do not
harm patients (Saugel et al. 2024; Scott & APSF, 2024).
Incorporating the “fill, flow, pressure” algorithm may help
guide intraoperative hemodynamic management, even in
the absence of advanced hemodynamic technology (Yer-
don et al. 2024).

Prevention of IOH and hemodynamic instability

IOH is overt hemodynamic instability, and traditional
hemodynamic management involves the reactive treat-
ment of IOH after organ hypoperfusion is already occur-
ring. Mounting recent evidence touts the need to correct
underlying hemodynamic instability and reduce the inci-
dence, severity, and duration of IOH. Considering the
harmful patient effects and the associated healthcare
system burden, anesthesia clinicians should consider sur-
passing the traditional reactive strategy and transition-
ing to a proactive approach by preventing instability and
IOH (Gregory et al. 2020; Kouz et al. 2023a; Saugel et al.
2019). Recent innovations in advanced hemodynamic
monitoring using artificial intelligence and machine
learning make this possible (Davies et al. 2020; Edwards
Lifesciences 2024; Frassanito et al. 2023; Hatib et al.
2018; Kouz et al. 2023b; Li et al. 2022; Saugel et al. 2019;
Wijnberge et al. 2020). Numerous contemporary studies
demonstrate this technology’s sensitivity, specificity, and
validity in accurately predicting IOH and reducing hypo-
tensive events through prevention (Davies et al. 2020;
Frassanito et al. 2023; Hatib et al. 2018; Kouz et al. 2023b;
Li et al. 2022; Ranucci et al. 2019; Wijnberge et al. 2020).
This technology uses an early warning system called the
Hypotension Prediction Index (HPI) to alert the user to
impending hypotensive events (Edwards Lifesciences
2024). The monitor incorporates information from the
patient’s arterial waveform and detects instability in the
cardiovascular system that may lead to IOH. HPI is a
unitless number on a scale from zero to 100, with higher
numbers (e.g., >80-85) indicating a higher probability of
IOH within a shorter time frame (Edwards Lifesciences
2024). When the clinician is alerted to a high HPI indi-
cating imminent IOH, additional information regarding
the probable cause is available on a secondary screen.
This information details the components of BP, highlight-
ing the physiologic cause of IOH, such as hypovolemia,
myocardial depression, or vasoplegia (Kouz et al. 2023a;
Wijnberge et al. 2020; Yerdon et al. 2024). Incorporating
this information aids anesthesia clinicians in choosing
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appropriate interventions targeting the future IOH cause,
thereby preventing it from occurring (Kouz et al. 2023b;
Wijnberge et al. 2020; Yerdon et al. 2024).

However, one large randomized controlled trial on the
effect of HPI-guided intraoperative management did not
reduce the amount of IOH (Maheshwari et al. 2020b).
The authors reported clinician difficulty implementing
the complex treatment algorithm, clinicians ignoring
alarms, and protocol non-compliance as possible expla-
nations for the lack of demonstrated benefit. Additionally,
there is an ongoing debate on the degree to which HPI is
superior to MAP and reports of moderate-to-low accu-
racy in predicting IOH (Mukkamala et al. 2024; Vistisen
& Enevoldsen 2024; Yang et al. 2023). These uncertain-
ties underscore the need for robust assessments of the
effect of this predictive technology on patient-centered
outcomes. Of note, HPI is one of several hemodynamic
values available within a broader collection of monitoring
parameters designed to guide clinical decision-making.
HPI is an early warning indicator for impending IOH,
but anesthesia clinicians should incorporate this value
alongside other hemodynamic parameters like CO, SV,
and SVR. HPI alerts should prompt clinicians to evaluate
these additional data points to identify and manage insta-
bility accurately. Relying solely on HPI is not equivalent
to trending MAP as effective hemodynamic management
requires integrating this parameter with a comprehensive
set of data rather than alone.

Closed-loop systems

Closed-loop systems are an emerging technology
designed to enhance patient care by maintaining a tar-
get variable within a specified set point (Coeckelenbergh
et al. 2024). Automated closed-loop systems in anesthesia
consist of a sensor for monitoring vital signs, a controller
for interpreting data and correcting discrepancies, and an
effector for precise medication administration (Coeck-
elenbergh et al. 2024). These systems have been shown to
reduce clinician workload, increase protocol compliance,
and are associated with decreases in errors or deviations
caused by distraction or fatigue (Coeckelenbergh et al.
2024; Spataru et al. 2024). Multiple studies demonstrate
the ability of closed-loop systems to improve intraop-
erative hemodynamic management—with fluids and/or
vasoactive medications—in patients undergoing major
surgeries while providing a level of protocol compliance
that is challenging to achieve with routine care (Joos-
ten et al. 2021a, 2021b; Kumar et al. 2022). A study on
closed-loop-assisted GDFT in major abdominal surgery
reported a reduction in net fluid balance, which was
associated with fewer postoperative complications and
a shorter length of stay (Joosten et al. 2018). In other
studies on computer-assisted vasoactive medication
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administration in patients undergoing intermediate and
high-risk procedures, the use of a closed-loop system sig-
nificantly reduced IOH incidence (Joosten et al. 2021a,
2021b). More studies are needed, but anesthesia clini-
cians would be prudent to stay abreast of the benefits of
this emerging technology on patient care.

Summary

Incorporating intraoperative GDT protocols that opti-
mize the entire picture of perfusion is associated with
reductions in decreased LOS, healthcare costs, and peri-
operative complications, such as AKI, SSIs, pneumonia,
ileus, PONYV, and mortality. Reviewing the concepts of
the various causes of IOH and hemodynamic instability
and methods for correcting these with targeted treat-
ments may benefit patients and reduce adverse out-
comes. Interventions must target the root IOH cause
using a GDT strategy rather than simply improving the
MAP value displayed on the physiologic monitor. This
strategy allows for a more individualized approach,
which may improve patient outcomes. Anesthesia clini-
cians need to recognize the variability of GDT protocols
in published trials, as this understanding will empower
them to interpret the evidence and facilitate meaning-
ful changes in clinical practice. Additional strategies for
improving patient outcomes include raising awareness
to limit IOH tolerance and practice variation, collaborat-
ing with perioperative departments to measure postop-
erative AKI, reporting outcomes to frontline clinicians,
ongoing education on IOH and GDT strategies, incor-
porating continuous BP monitoring where feasible, using
advanced technology to prevent IOH, and GDT protocol
implementation to reduce practice variation and patient
harm.

Abbreviations

AKI Acute kidney injury

ASA American Society of Anesthesiologists
BP Blood pressure

c Cardiac index

co Cardiac output
ERAS  Enhanced Recovery After Surgery
GDT Goal-directed therapy

GDFT  Goal-directed fluid therapy

GDHT  Goal-directed hemodynamic therapy
HPI Hypotension Prediction Index

IOH Intraoperative hypotension

LOS Length of stay

MAP Mean arterial pressure

MINS  Myocardial injury after non-cardiac surgery
PONV  Postoperative nausea and vomiting

PPV Pulse pressure variation

SSl Surgical site infection

SV Stroke volume

Svi Stroke volume index

SVR Systemic vascular resistance

SVRI Systemic vascular resistance index

SW Stroke volume variation
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