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KEY POINTS

e Hemodynamic profiling requires a multimodal approach that considers the nuances of postcardio-

pulmonary bypass physiology.

e Volume management in postcardiotomy cardiogenic shock requires careful repletion of losses
balanced with risks of volume overload for cardiac dysfunction and organ congestion.

e Early use of temporary mechanical circulatory support should be considered before organ dysfunc-
tion to promote early recovery in shock states associated to cardiopulmonary bypass.

INTRODUCTION

This article on the management of shock after car-
diac surgery is aimed at exploring nuances spe-
cific to postcardiotomy shock (PCS). As this
article is part of a series on cardiac management,
this article will assume basic knowledge that can
be found in other article and focus on specific car-
diac surgery nuances.

POSTOPERATIVE PATHOPHYSIOLOGY AND
IMPACT FROM CARDIOPULMONARY BYPASS

The PCS population is unique due to patients’
exposure to cardiopulmonary bypass (CPB) and
temporary cardiac arrest, which are associated
with cytokine release, vasoplegia syndrome
(VPS), coagulopathy, myocardial dysfunction and
pulmonary hypertension (PHTN). CPB causes
cytokine release from the interaction with the
CPB circuit, the removal of blood into a reservoir
and reintroduction into the body, and the shear
stress from blood passing through the centrifugal

impeller.” The release of cytokines and inflamma-
tory factors disrupt the normal autoregulation of
the vasoconstrictive pathways leading to low
vasomotor tone, hypotension and VPS."! This in-
flammatory state affects the integrity of the capil-
lary endothelium and glycocalyx layers resulting
in the derangement of hydrostatic and oncotic
pressure gradients favoring the shift of fluid out
of the intravascular spaces. Inadequate myocar-
dial protection on CPB results in myocardial
ischemia and reperfusion injury, which can lead
to postcardiotomy cardiogenic shock (PCCS).
CPB is associated with the development of
PHTN through contributions from reduced pulmo-
nary perfusion resulting in endothelial dysfunction,
inflammation with increased oxidative stress, and
reduced nitric oxide (iNO) production.’

DEFINITION OF POSTCARDIOTOMY SHOCK
AND ETIOLOGIES

Conventional cardiogenic shock (CS) definition
does not apply to the postcardiotomy (PC)
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Abbreviations

Ang-Il angiotensin Il

CALS Cardiothoracic Advanced Life Support
co cardiac output

CABG coronary artery bypass graft

CPB cardiopulmonary bypass

ql cardiac index
CvP central venous pressure
cs cardiogenic shock

dFick direct Fick

ECG  electrocardiogram

ECMO extracorporeal membrane oxygenation
eFick estimated Fick

IABP intra-aortic balloon pump

iEPO  inhaled epoprostenol

iNO nitric oxide

ICU intensive care unit
LCOS low cardiac output syndrome
Lv left ventricular

LVOT left ventricular outflow tract

MCS  mechanical circulatory support

NEE norepinephrine equivalent

PA pulmonary artery

PAC  pulmonary artery catheter

PCS postcardiotomy shock

PCCS postcardiotomy cardiogenic shock

PCVS postcardiotomy vasoplegic shock

PCWP pulmonary capillary wedge pressure

PEEP  positive end-expiratory pressure

PHTN pulmonary hypertension

PPV positive pressure ventilation

PVR  pulmonary vascular resistance

RCT  randomized controlled trial

RV right ventricular

RVAD right ventricular assist device

SAM  systolic anterior mitral

SCAl  Society for Cardiovascular
Angiography and Interventions

SvO2 mixed venous oxygen saturation

SVR systemic vascular resistance

Td thermodilution

TEE transesophageal echocardiography

VA venoarterial

VExUS venous excess ultrasound

VIS vasoactive inotropic score

VPS  vasoplegia syndrome

VT ventricular tachycardia

population due to the high incidence of vaso-
pressor and inotrope requirements that is ex-
pected after exposure to CPB and sedation.
Although relatively infrequent (occurring in
~0.5% to 1.5% of adult cardiac surgery cases),
PCS carries an extremely high mortality approach-
ing 2 in 3 patients.? This condition was historically
referred to as low cardiac output syndrome
(LCOS), a term that carries significant definitional
heterogeneity. A systematic review of 250 articles
by Schoonen and colleagues identified at least 10

distinct LCOS definitions across the cardiac sur-
gery literature, with widely varying incidence esti-
mates depending on the criteria applied—
underscoring the challenge of interstudy compara-
bility® Literature definitions of PCS are very vari-
able but most imply a degree of tissue
hypoperfusion (Table 1). Vasoactive inotropic
score (VIS) is best for standardized communica-
tion of illness severity across research studies
given the variability in vasoactive choices across
institutions. The maximum VIS also predicts
adverse outcomes and mortality in the PC and me-
chanical circulatory support (MCS) patient popula-
tions.* We propose the definition of maximum VIS
greater than 20 to 25 required to maintain
adequate organ perfusion as a preferred definition
for PCS. We prefer to conceptualize PCS as an
umbrella term for the coexisting causal pathol-
ogies (Table 2). The PCS phenotype classification
proposed in this article shares conceptual overlap
with the Society for Cardiovascular Angiography
and Interventions (SCAI) shock staging system
(stages A-E), which includes a CS-specific staging
system, and has been validated in postcardiac
surgery populations and correlates with mortality
outcomes.® Application of the SCAI framework
alongside the PCCS phenotype classification en-
ables standardized research definitions and facili-
tates interstudy comparability.

HEMODYNAMIC PROFILING

Postoperative patients can exhibit multiple shock
phenotypes which are often a combination of mul-
tiple pathologies rather than an isolated mecha-
nism. Hemodynamic profiling entails a systematic
assessment of cardiac function, perfusion, and
vascular tone in these high-risk patients using
standard and advanced monitoring techniques to
delineate the predominant shock mechanism and
severity (Fig. 1).

Overarching Hemodynamic Profiles

Early identification of structural or arrhythmogenic
shock is essential, as these conditions are often
rapidly correctable and should be addressed
before more nuanced profiling.

Arrhythmogenic shock

Post-CPB patients are vulnerable to arrhythmia-
mediated shock, in which loss of atrioventricular
synchrony, rapid atrial arrhythmias, ventricular
tachyarrhythmias, or pacing failure can acutely
reduce effective forward flow.'® Because hemody-
namic collapse can be disproportionate to filling
pressures or contractility indices, early rhythm
assessment, prompt rhythm correction, and

Descargado para Anonymous User (n/a) en Andrés Bello University de ClinicalKey.es por Elsevier en julio 25, 2026. Para uso personal
exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2026. Elsevier Inc. Todos los derechos reservados.



Table 1
Current definitions of postcardiotomy shock

Definition

Need for any MCS or
inotropic support
for >30 min in the ICU.

Sylvin et al,” Inability to separate from
2010 CPB, low ClI < 2 L/min/m2
with evidence of tissue
hypoperfusion.

Hypoperfusion despite
optimal volume loading,
vasoactive medical
support, and IABP.

VIS >20-25.

Author, Year
Rao et al,® 2006

Fux et al,® 2018

Javorski et al,’
2024
Caruso et al,’

2024

pacing optimization should be the first step in most
patients.

Obstructive shock

Obstructive shock is commonly caused by post-
operative pericardial or thoracic tamponade, pre-
senting with decreased cardiac output (CO),
narrow pulse pressure, elevated filling pressures

Table 2
Postcardiotomy shock phenotypes and
definitions

Entity Definition

PCS Global circulatory failure after
cardiac surgery requiring
pharmacologic or
mechanical support.

PCCS/LCOS Depressed myocardial

contractility with low CO
and elevated filling
pressures following surgery.

Low SVR with preserved or
PCVS elevated CO after CPB.

Mixed shock Combined myocardial
dysfunction and
vasodilation producing low
output with reduced
vascular tone.

Mechanical impairment of

Obstructive

shock cardiac filling or ejection
(eg, tamponade, RV outflow
obstruction).
Arrhythmic Hemodynamic compromise
shock from loss of atrioventricular

synchrony or malignant
arrhythmias.

Management of Shock After Cardiac Surgery

and signs of impaired tissue perfusion. Postopera-
tive tamponade may be underrecognized due to
small and localized collections (92% in one series)
that may be missed by transthoracic echocardiog-
raphy (60% in one series), lacking classic echocar-
diographic features of tamponade physiology or
mistaken for pericardial tissue, and requiring
transesophageal echocardiography (TEE) for
definitive diagnosis.’” Rapid volume shifts from
bleeding or vasoplegia may blunt expected eleva-
tions in filling pressures. Right-chamber tampo-
nade (RA, right ventricular (RV) or RVOT/PA)
closely mimics RV failure and is often distinguish-
able only by echocardiography. Isolated left-atrial
tamponade may result in elevated pulmonary
capillary wedge pressure (PCWP) despite rela-
tively normal right-sided pressures and preserved
left ventricular (LV) function. Thoracic tamponade
may present with low filling pressures due to the
acute blood loss, particularly in small, restrictive
thoracic cavities. Increasing ventilatory pressures
may both contribute to and herald evolving cardiac
compression.”” Systolic anterior mitral (SAM)
following mitral valve repair is frequently under-
recognized and mimics RV failure. TEE is often
required to identify SAM, whether primary (due to
altered mitral or ventricular geometry) or second-
ary to RV failure and septal shifting, and to orient
toward radically different management strategies
(Fig. 2).

Cardiogenic and vasoplegic shock

Identifying the relative contributions of postcar-
diotomy cardiogenic shock (PCCS)/LCOS and
postcardiotomy vasoplegic shock (PCVS), which
frequently coexist, is the most nuanced part of he-
modynamic profiling.'?

PCCS or LCOS are characterized by impaired
end-organ perfusion with a compensatory in-
crease in systematic vascular resistance (SVR).
Hypotension, narrow pulse pressure, and
elevated filling pressures may be absent early
depending on the severity of dysfunction, volume
status, and predominant ventricle affected. Echo-
cardiographic assessment of ventricular systolic
function may not correlate with CO, and direct
cardiac index (Cl) measurement is required for
accurate interpretation. RV failure may manifest
in some cases as preserved CO with predomi-
nant systemic venous congestion. This pheno-
type presents with elevated central venous
pressure (CVP), hepatic congestion, rising
lactate, and oliguria which may be misinterpreted
to another shock states such as tamponade. It is
a particularly important mimicker of both distribu-
tive and hypovolemic shock, as it frequently pre-
sents with a low diastolic BP and wide pulse
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Cardiogenic Shock

Exam: cool, congested, narrow pulse pressure, capillary refill

Hemodynamics: +Cl, +RAP, +PCWP, +SVR
(LV: «<>PAPi, +~>CVP/PCWP versus RV: +PAPi, +CVP/PCWP)

Echo: systolic, diastolic, or valvular dysfunction

iEimisine

Narrow pulse pressure

Shock

Blood pressure

Diagnostic Approach to Post-cardiotomy

Mixed shock is common; consider most likely primary and
secondary causes of shock based on the clinical scenario

Vasodilatory Shock
Exam: warm, dry, wide pulse pressure, « capillary refill,
positive passive leg raise
Hemodynamics: «+/4Cl, +RAP, $PCWP, +SVR

Echo: small underfilled LV with relatively hyperdynamic
systolic function

Blood pressure

Wide pulse pressure

. Use available monitoring devices (PAC, arterial line, drains,
and physical examination to narrow diagnoses

. POCUS biventricular function, chamber sizes, lung sliding,
evidence of tamponade relative to pre- and intraoperative

Obstructive Shock baseline

Exam: same as cardiogenic shock.
Hemodynamics: same as cardiogenic shock
with equalization of diastolic filling pressures in
classic tamponade

Echo: assess for circumferential or localized effusion,
valvular or intracavitary obstruction, or signs of pulmo-
nary embolism. Loss of lung sliding with a lung point
present in pneumothorax

e
=
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o
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Hemorrhagic/Hypovolemic Shock
Exam: cool, dry, narrow pulse pressure,
+capillary refill, positive passive leg raise
Hemodynamics: +Cl, #LV, $+RAP, +PCWP, +SVR.

Echo: small underfilled LV with relatively
hyperdynamic systolic function

Respiratory variation in
blood pressure

Fig. 1. Initial diagnostic approach to PCS. Algorithmic approach to the differential diagnosis of PCS. PAPi, pulmo-
nary artery pulsatility index; POCUS, point-of-care ultrasound; RAP, right atrial pressure. (Previously published
materials: From Hall EJ, Papolos Al, Miller PE, et al. Management of Post-cardiotomy Shock. US Cardiol
2024;18:e11. https://doi.org/10.15420/usc.2024.16 with permission (requires permission).)

pressure. PCVS is characterized by severe hypo-
tension with low SVR despite normal or high
CO."® Vasoplegia is present in a majority of car-
diac surgical patients undergoing CPB. PCVS af-
ter CPB can resemble early sepsis as both share
a systemic inflammatory biology. Post-CPB vas-
oplegia typically emerges within hours of separa-
tion from bypass and chest closure, whereas
septic physiology should be suspected greater
than 24 to 48 hours with a plausible infectious
source, leukocytosis/fever (often elevated in the
immediate postoperative period with resolution
more than 48-72 hours), and progressive organ

dysfunction despite restoration of preload and
tone. Procalcitonin typically remains low or de-
clines rapidly in postoperative vasoplegia related
to CPB-associated inflammation, whereas rising
or elevated procalcitonin levels are suggestive
of bacterial sepsis when interpreted in serial
measurements.’ Both PCVS and hypovolemia
frequently coexist early after surgery, creating
mixed vasodilatory—hypovolemic shock that can
obscure diagnosis and delay targeted therapy.'®
Dynamic volume loading to restore a compro-
mised preload until adequate perfusion is
achieved is the cornerstone of phenotyping.'®

Fig. 2. TEE image of systolic anterior motion of mitral valve. Note the anterior mitral leaflet (red asterisk)

touching the interventricular septum (IVS) during ventricular systole and causing a dynamic obstruction.
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Invasive Measurements

CVP is a frequently used surrogate for preload. In
postcardiotomy patients, CVP interpretation is
confounded by exacerbated RV compliance ab-
normalities, pericardial constraint, positive pres-
sure ventilation (PPV), PHTN, and residual RV
dysfunction, which may elevate CVP despite rela-
tive hypovolemia. It correlates poorly with volume
response in many populations including cardiac
surgery.'®

CO measurement is central to inotrope manage-
ment. Thermodilution (Td) remains the most used
method, whereas the direct Fick (dFick) principle
is considered the physiologic reference standard
but is challenging to use in routine postoperative
care. Estimated Fick (eFick) CO rely on assumed
oxygen consumption and may be inaccurate in
postoperative patients with rapidly changing meta-
bolic demands. Large cohort studies in cardiac sur-
gery demonstrate poor agreement between dFick,
eFick, and Td CI with discrepancies greater than
25% and only Td is associated with outcomes."”
When CO estimates are discordant with the clinical
picture, confirmatory assessment using repeat Td,
comprehensive pulmonary artery catheter (PAC)
profiling, and bedside echocardiography can
reduce misclassification of shock phenotype.

Mixed venous oxygen saturation (SvO2) can be
useful for trending global oxygen consumption
balance, but it is not a direct surrogate for CO.
SvO2 may be normal or elevated despite shock
when oxygen extraction is impaired or when seda-
tion, hypothermia, or MCS alters VOZ2; it correlates
poorly with Cl in the early postcardiac surgery
intensive care unit (ICU) phase.'®

Ultrasonography and Noninvasive
Measurements

Postoperative ventricular function may vary due to
myocardial stunning, ischemia, or changes
following valvular intervention, such as improved
systolic performance after aortic valve replace-
ment. New regional wall motion abnormalities or
unexpected hemodynamic deterioration should
prompt evaluation for ischemia or valve-related
complications, particularly in settings where coro-
nary anatomy may be compromised (eg, mitral
valve repair or coronary button reimplantation). In
such cases, transthoracic imaging may be limited,
and TEE is often essential for accurate diagnosis.

Echocardiography may help reconcile discor-
dant Fick and Td CO measurements using LV
outflow tract (LVOT) velocity-time integral (VTI)-
based CO."® Accuracy may be limited, however,
after aortic valve replacement, or from transaortic
MCS support interference. Dynamic trends with

Management of Shock After Cardiac Surgery

interventions rather than absolute PAC measure-
ments are particularly useful in this setting.

Ventricular chamber size is often used as a sur-
rogate for preload, but dynamic changes in
vascular tone (particularly CPB-related vasople-
gia) can alter ventricular filling independent of
true intravascular volume, limiting its reliability as
a marker of volume status.?® LV ejection fraction
remains a useful marker of systolic function but
is sensitive to changes in loading conditions,
particularly in recent ischemia, stunning and
resulting diastolic dysfunction. Commonly used
echocardiographic surrogates of RV systolic func-
tion such as tricuspid annular plane systolic excur-
sion (TAPSE), tissue Doppler S', FAC, and RV free
wall strain can be intrinsically reduced after peri-
cardiotomy or CPB despite preserved RV ejection
fraction and CO.?" Inferior Vena Cava size and
collapsibility are confounded by PPV, elevated
intrathoracic pressures, RV dysfunction, and peri-
cardial constraint. Volume decisions should rely on
a multimodal assessment integrating dynamic
response, ventricular filling/interaction, lung
ultrasound for congestion, and end-organ perfu-
sion trends rather than any isolated preload
surrogate.??

Pulse contour and other noninvasive CO technol-
ogies can be less reliable immediately after CPB
due to vasoplegia, arrhythmias, open/closed chest
transitions, altered arterial compliance, and rapid
changes in vascular tone; their greatest value is
often in directional trending within a stable calibra-
tion window rather than single-point diagnosis.?>

Integrated Assessment

Consideration of the patient’s pre-existing disease
for expected metabolic demands postoperatively
is essential, and normalized targets should be
avoided. Patients with chronic low flow states
from long-standing cardiomyopathies, multivalve
disease, radiation heart disease or constrictive
pericarditis may tolerate lower Cl; conversely, pa-
tients with infective endocarditis or with concomi-
tant cirrhosis may require higher Cl. When
available, pre-existing hemodynamic data should
be reviewed to inform appropriate targets postop-
eratively. SvO2, lactate pharmacokinetics, hourly
urine output, and clinical peripheral extremity
perfusion help assess patient tolerance of lower
Cl. Early after CPB, the nonpulsatile, CPB circula-
tion may delay metabolic manifestations of hypo-
perfusion through usual markers.'® Td CI often
detects low flow states before clinical signs such
as lactate elevation or oliguria emerge.

Static filling pressures, including CVP, fail to
predict preload responsiveness after cardiac
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surgery, particularly with open or recently closed
chest conditions, abnormal ventricular interaction,
decrease RV compliance or pericardial blood
accumulation.'® Pulmonary Capillary Wedge Pres-
sure, Pulmonary Artery Wedge Pressure (PCWP/
PAWP) does not uniformly equal LV end-diastolic
pressure, particularly in the presence of mitral
valve disease, altered LV compliance, high
positive end-expiratory pressure (PEEP), or tachy-
arrhythmias.?* Contemporary guidance empha-
sizes that CVP and PCWP should be integrated
with dynamic indices, echocardiographic assess-
ment of chamber filling, ventricular interdepen-
dence and lung congestion, as well as trends in
CO and end-organ perfusion.?® Transpulmonary
and diastolic pressure gradient are used to deter-
mine RV-PA coupling, but are sensitive to changes
in flow and loading in postcardiotomy physiology
or on MCS.?® Dynamic reassessment of response
to targeted interventions using a multimodal
approach is the cornerstone of hemodynamic
profiling, using a hypothesis testing approach.?”

Mechanical Circulatory Support

Td Cl may be inaccurate on temporary MCS with
extracorporeal blood circulation because extra-
corporeal flow alters pulmonary blood flow and in-
dicator transit; therefore, Td Cl should be primarily
trended rather than treated as an absolute value.?®
eFick Cl estimates are unreliable due to abnormal
pulmonary blood flow, recirculation of oxygenated
blood into the PA, and unstable oxygen extrac-
tion.?® Garan and colleagues found that complete
hemodynamic profiling by PAC before initiating
MCS was associated with significantly lower in-
hospital mortality (Table 3).'2

FLUID MANAGEMENT

The main goal of fluid management is to maximize
CO and tissue perfusion while minimizing compli-
cations and volume overload. Guidelines support
goal-directed fluid protocols in cardiac surgery
that integrate both dynamic fluid volume indices
with flow-directed goals as they outperform
single-target protocols.?®

Ongoing fluid resuscitation requires frequent
reassessment of static filling pressure and perfu-
sion indices after dynamic interventions to avoid
exceeding fluid tolerance. Fluid tolerance con-
siders the negative congestion impact of fluid
administration on microcirculatory dysfunction,
either as a result or contributing to decreased RV
performance.®® Venous excess ultrasound
(VEXUS) is a protocol that can identify signs of
venous congestion. Limited studies in the cardiac
surgery population have shown an association

between increased VExXUS grades and renal injury
after cardiac surgery.®" Development of RV failure
at any point postoperatively warrants consider-
ation for timely volume removal, given association
with poor outcomes. Renal dysfunction may
require higher than expected doses of loop di-
uretics or combination diuretic therapy. Urgent
continuous renal replacement may be required to
improve RV hemodynamics despite adequate so-
lute clearance.®?

Balanced crystalloids remain the primary choice
of fluid for resuscitation after cardiac surgery
except for hemorrhagic shock. The use of both
5% and 20% human albumin solutions is contro-
versial. The 2021 Joint Consensus Guidelines indi-
cate that it is reasonable to use human albumin
due to a reduction in overall fluids required in the
perioperative period (Class IIA Level B recommen-
dation).®® Subsequent randomized controlled trials
(RCTs), systematic reviews and meta-analyses
have suggested a lack of benefit, resulting in the
2024 Chest Guidelines not recommending albu-
min for volume replacement. Among RCTs, HAS
FLAIR Il and ALBICS 2 have shown either neutral
or increased risk of acute kidney injury (AKI) and
increased use of blood products with the use of
20% albumin solutions in normal and high risk car-
diac surgery patients.®*® The increasing evi-
dence of lack of benefit of albumin coupled with
its significant cost make the place of human albu-
min after cardiac surgery uncertain®’®20,

Resuscitation with blood products is preferred
to replace the ongoing loss of red blood cells
and coagulation factors in hemorrhagic shock.
Guidelines recommend a 1:1 fresh frozen plasma
and packed red blood cell ratio; low-quality evi-
dence suggests improved outcomes with
increased used of fresh frozen plasma (FFP).%3
Unique risk factors for transfusion-related adverse
events specific to cardiac surgery includes emer-
gent operations, milieu of inflammation, and pres-
ence of human leukocyte antigens (HLA) or human
neutrophil antigens (HNA) antibodies in the donor
blood products.®® Blood salvage interventions
can be used during ongoing resuscitation although
this can be technically challenging in the ICU. Mul-
tiple joint guidelines recommend a restrictive peri-
operative allogeneic packed red blood cell
transfusion strategy, with a target hemoglobin of
7 to 8 g/dL based on the TRACS, TRICS Ill, and
TITRe2 RCTs; transfusion targets more than
10 g/dL are specifically discouraged in stable pa-
tients.>>*" In patients with active hemorrhage af-
ter cardiac surgery, our institution targets a
hemoglobin of 10 g/dL to maintain oxygen-
carrying capacity during ongoing resuscitation. In
PCCS, no specific hemoglobin transfusion
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Table 3

Typical Hemodynamic

Summary of common hemodynamic profile scenarios and pitfalls

Best Discriminating

Hypotension

Mimicker/Scenario Pattern Common Pitfall Tools
Vasoplegia vs Low SVR Ignoring surgical Time course
Sepsis Preserved/high CO, timing/context Preload response
Hypotension End-organ perfusion
Infection workup
RV Failure/ Low forward flow Assuming high RV size/interaction
Tamponade Elevated CVP CVP = adequate PA pressures, PAPi

preload TTE/TEE integration

Hypovolemia Low filling pressures

Narrow pulse pressure

CVP used as sole
preload marker

Dynamic indices
SV response
TTE/TEE integration

VA ECMO Altered pulsatility

Discordant CO meas.

Trend-based PAC data
TTE/TEE integration
End-organ perfusion

Td CO used despite
nonreliable

Abbreviations: meas, measurements; PA, pulmonary artery; PAPi, pulmonary artery pulsatility index; SV, stroke volume;
TEE, transesophageal echocardiography; TTE, transthoracic echocardiogram.

threshold is established in the literature. Transfu-
sion decisions should be individualized and guided
by oxygen delivery targets and serial assessment
of tissue perfusion markers, lactate clearance,
and ends-organ function. Patients with severely
compromised cardiac function or persistent hypo-
perfusion despite maximal support may warrant a
higher hemoglobin target to optimize oxygen de-
livery. This principle applies across the spectrum
of PCCS severity, including patients on MCS: pa-
tients awaiting heart and lung transplantation on
ventricular assist device (VAD) or ECMO demon-
strate that adequate perfusion can be maintained
with very restrictive transfusion strategies.

The recently published FARES Il trial demon-
strated the safety of using prothrombin complex
concentrates without increased thrombotic
events with the benefits of lower volume resusci-
tation and improved hemostasis.*? This study did
not specifically distinguish patients that were sta-
ble versus in PCCS and excluded patient with
VAD. The use of viscoelastic tests to guide coag-
ulation factor specific treatment is supported by
guidelines and reduces blood product utilization
and reoperations.*®

LACTATE-BASED MANAGEMENT

Lactate metabolism is a sensitive marker of tissue
hypoperfusion and anaerobic metabolism in PCS.
Serial lactate measurements and lactate clearance
serve as diagnostic and prognostic indicators. Se-
rial trends and clearance are more clinically useful
than absolute values in guiding resuscitation
decisions. However, lactate interpretation requires

careful clinical contextualization in this population:
(1) epinephrine administration causes type B lactic
acidosis through beta-mediated accelerated
glycolysis and increased pyruvate-to-lactate con-
version, independent of tissue hypoperfusion**;
(2) CPB produces lactate through inflammatory
mechanisms, circuit interactions, and altered hep-
atosplanchnic metabolism“®; (3) hepatic dysfunc-
tion impairs lactate clearance, as approximately
60% of lactate is cleared hepatically*®; (4) right
heart disease, PHTN, mitral stenosis, and tricuspid
valve pathology are more prone to baseline lactate
elevation through venous congestion and reduced
hepatic perfusion; and (5) in significant venous
congestion, lactate clearance may take multiple
days even with adequate systemic perfusion.

PHARMACOLOGIC MANAGEMENT OF SHOCK
AFTER CARDIAC SURGERY
Inotropes

No data identify a superior inotrope in cardiac sur-
gery, and each agent has associated lethal ar-
rhythmias and mortality.*” Comparative inotrope
data in PCCS are lacking; however, in CS and
acute decompensated heart failure populations,
milrinone and dobutamine demonstrate compara-
ble composite outcomes in the DOREMI RCT#®
and a meta-analysis confirms no significant mor-
tality difference between the 2 agents.*® Inotrope
choice is highly variable—differing by up to 30%
across institutions—and is often reflects institu-
tional and clinician preference rather than
evidence-based selection (Table 4).5° An orga-
nized, physiology-guided approach to inotrope
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Table 4

Drug

Typical ICU Dosing
(Adult)

SVR PVR Arrhythmia

HR

Vasopressor and inotropic medications used in postoperative cardiac surgical care

Postop Cardiac Surgery
Nuances

Norepinephrine

0.01-0.3 pg/kg/min

1o

+

First-line vasopressor.
May worsen RV afterload in
severe PHTN/RV failure.

Vasopressin

0.01-0.04 U/min

mo el

Second line catecholamine-
sparing vasopressor.

Less tachycardia than
adrenergic agonist agents.

Possible peripheral and
mesenteric ischemia at
higher dose.

Phenylephrine

0.25-2 pg/kg/min
(or 25-200 pg/min)

Ve

1o

Third line vasopressor

Helpful if tachyarrhythmias as
minimal myocardial activity.

May decrease SV and worsen
RV failure.

Angiotensin Il

10-40 ng/kg/min

m -

RAAS-deficient state post-CPB;
rapid MAP response;
thrombotic risk; DVT
prophylaxis recommended;
no inotropic effect

Epinephrine

0.01-0.2 pg/kg/min

"

toen

Best for mixed cardiogenic
and vasoplegic shock.

More arrhythmias. Dose-
dependent vasoconstriction.

Can raise lactate independent
of hypoperfusion.

Dopamine

2-10 pg/kg/min

Avoided due to arrhythmias
compared to
norepinephrine

Dose-dependent variable
effects. Renal dosing
unreliable.

Dobutamine

2-10 pg/kg/min

"

e e

Best for low CO with high SVR.

Can worsen hypotension in
vasoplegia.

Caution with SAM/LVOT
obstruction.

Milrinone

0.125-0.5 pg/kg/min

"

+/1

Useful for RV failure/high PVR.

Hypotension risk from
powerful vasodilation.

Renally cleared and requires
dose adjustment.

Levosimendan

0.05-0.2 pg/kg/min

"

Possible mortality benefit in
the preoperative low
ejection fraction (<40%)

Isoproterenol

1-10 pg/min (rare)

1

1 e

e

Niche chronotrope if pacing
limited.
High arrhythmia risk.

(continued on next page)
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Table 4
(continued)
Typical ICU Dosing HR Postop Cardiac Surgery
Drug (Adult) CO SVR PVR Arrhythmia Nuances
Inhaled iNO 5-40 ppm o/t o e RV unloading in PHTN/RV
failure.
Minimal systemic
hypotension.
Wean to avoid rebound PH.
iEPO 10-50 ng/kg/min o/t o Il o Alternative to iNO for RV
failure/PHTN.
Delivery/technical
considerations.

Abbreviations: DVT, deep vein thrombosis; HR, heart rate; MAP, mean arterial pressure; PH, pulmonary hypertension;
RAAS, renin-angiotensin-aldosterone aystem; SAM, systolic anterior motion; SV, stroke volume.
Legend: 1 increase, | decrease, <> no major change, + variable/dose-dependent.

selection is optimal: agents should be chosen
based on the patient’s dominant hemodynamic
phenotype.®’

Milrinone (PDES inhibitor) is unique by its long
context-sensitive half-life of 2 hours which makes
it unwieldy in rapidly changing hemodynamic pro-
files with associated vasoplegia. The frequent renal
impairment that coexists with PCS may lead to
accumulation that can complicate hemodynamic
profiling and management. Milrinone administra-
tion may prevent and treat internal mammary artery
vasospasm after coronary artery bypass grafting,
with in vitro studies showing reversal of vasospasm
induced by thromboxane after milrinone adminis-
tration. It may be useful either early on at low-
dose (<£0.25 mcg/kg/hour) as an adjunct to an
adrenergic agonist inotropes for its reduction in
pulmonary vascular resistance (PVR), or when ma-
jor hemodynamic shifts have passed.®?

Low-dose epinephrine acts as an inoconstrictor
(<0.1 mcg/kg/minute) and can replace an inodila-
tor in the setting of excessive hypotension in
mixed CS and vasodilatory shock. The associated
type B lactic acidosis may lead to unnecessary in-
terventions including excessive fluid administra-
tion, abdominal computed tomography (CT)
scans, or even initiation of MCS.*¢

Dobutamine produces a dose-dependent rise in
Cl in cardiac surgical patients. Dobutamine may
be used when concerns regarding renal failure
and monitoring progression of lactic acidosis steer
clinicians away from using milrinone and epineph-
rine respectively. As a rapidly acting inodilator, it
can also serve a diagnostic tool to identify the pre-
dominant cause of shock between cardiogenic
and vasoplegic.

Levosimendan, a calcium sensitizer with inodila-
tory properties, is available in Europe and Asia and
offers theoretic advantages including improved

contractility without increasing myocardial oxygen
demand. However, 2 RCTs in cardiac surgery®®-°*
failed to demonstrate mortality or morbidity benefit
with prophylactic or early therapeutic use. These
negative trials temper enthusiasm for routine peri-
operative use, though levosimendan may retain a
role in rescue therapy for PCCS unresponsive to
standard agents where commercially available.

Vasopressors

Societal recommendations for first-line vaso-
pressor in cardiac surgery are inexistent, with
norepinephrine frequently first-line. RCT data in
cardiac surgery have demonstrated the safety of
vasopressin as a first-line agent compared to
norepinephrine, with an improvement in compos-
ite outcome driven by decreased renal failure
and atrial fibrillation.®® In vivo data have not
demonstrated the in-vitro beneficial PVR sparing
effects of vasopressin.®® A vasopressor strategy
limiting myocardial stimulation (vasopressin and
phenylephrine) may be beneficial in significant
LVOT obstruction or arrhythmic burden. Combina-
tion therapy has been shown to reduce mortality
and atrial fibrillation in septic shock and is increas-
ingly used in cardiac surgical populations without
definite evidence.®” Reducing total catecholamine
after cardiac surgery may reduce comorbid condi-
tions such as atrial fibrillation, mesenteric and dig-
ital ischemia, and coronary vasospasm after
coronary artery bypass graft (CABG). When com-
bination therapy is inadequate to support vascular
tone and mean arterial pressure, refractory shock
therapies are considered.

Refractory Shock Therapies

Refractory shock refers to a reduced mean arterial
pressure and end-organ dysfunction despite the
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use of conventional vasopressors. Several studies
define refractory shock as greater than 0.2 mcg/
kg/min norepinephrine equivalents (NEEs). A
recent report updated the definition of NEE
(Box 1)%&:

Several reviews recommend alternative treat-
ments including angiotensin Il (Ang-Il) (10 ng/kg/
minute), methylene blue (1-2 mg/kg bolus followed
by 0.5 mg/kg/hour), hydroxocobalamin (5 g bolus
more than 15 minutes), and/or stress dose ste-
roids (hydrocortisone 100 mg every 8 hours).*®
While limited data show efficacy in increasing
higher MAP, patient outcome data is lacking.®°
Ang-ll warrants consideration as a second- or
third-line vasopressor in refractory PCVS. The
ATHOS-3 RCT demonstrated that Ang-Il signifi-
cantly improved MAP response (69.9% vs
23.4%, P<.001) and reduced catecholamine re-
quirements in catecholamine-resistant vasodila-
tory shock.®" A post-hoc analysis of ATHOS-3
focusing on 16 postcardiac surgery vasoplegia pa-
tients found that 89% of Ang-ll-treated patients
achieved target MAP response versus 0% in pla-
cebo, with rapid catecholamine dose reduction in
the majority of responders.®? Despite improve-
ments in macrocirculation hemodynamics, sys-
temic NO inhibition may block beneficial effects
of microcirculatory NO production and lead to sig-
nificant harm and circulatory failure; those at risk
include patients with LCOS and/or PHTN. Careful
hemodynamic profiling to confirm vasoplegia as
the predominant phenotype is essential before
initiating these agents, as these therapies do not
provide any inotropic support. MCS should be
initiated when inadequate forward flow persists
despite vasopressor optimization.

Management of refractory PCVS should
start with stress dose steroids (hydrocortisone
100 mg every 8 hours), with rapid escalation if
inadequate response within 1 to 2 hours. Next
therapies should be dictated by drug availability
and contraindications: Ang-Il for confirmed low-

Box 1
Updated definition of norepinephrine
equivalent

NEE = Norepinephrine dose (ug/kg/min)
+ epinephrine dose (ug/kg/min) 4 1/100  x
dopamine dose (pg/kg/min) +0.06 x pheny-
lephrine dose (pg/kg/min) + 2.5 x vasopressin
dose (U/min) + 0.0025 x angiotensin Il dose
(ng’/kg/min) + 10 x terlipressin dose (ug/kg/
min) + 0.2 x methylene blue dose (mg/kg/h) +
1/8 x metaraminol dose (pg/kg/min) + 0.02 x
hydroxocobalamin dose (g) + 0.4 x midodrine
dose (pg/kg/min)

SVR vasoplegic physiology; methylene blue
(G6PD deficiency, concomitant serotonergic med-
ications); hydroxocobalamin (oxalate nephropathy
and renal dysfunction).

Pulmonary Vasodilators

All pulmonary vasodilators may be beneficial,
and no data suggest a superior medication.
Inhaled nitric oxide (INO) theoretically offers or-
gan protection via its vasodilatory, anti-
inflammatory and antioxidant properties in the
setting of ischemic-reperfusion injury after CPB.
The INSPIRE-FLO RCT demonstrated equivalent
efficacy of both agents in preventing postopera-
tive RV failure in VAD and heart transplant, with
inhaled epoprostenol (iIEPO) offering cost-
effectiveness advantages without compromise
in clinical outcomes.®® In lung transplant recipi-
ents, iEPO had similar primary graft dysfunction
development to iNO, with no patient outcome
differences.®* Inhaled milrinone may be synergis-
tic with iNO and iEPO and carries the advantage
of less systemic hypotension when compared to
intravenous milrinone.®®

MECHANICAL VENTILATION

Cardiopulmonary interactions can exacerbate he-
modynamic failure in PCS even in the absence of
a primary pulmonary pathology.®® Postoperative
LV and RV failure initially benefit from PPV by
decreasing respiratory muscle use and excessive
intrathoracic pressure changes, as well as control-
ling gas exchange and acid-base status.®” The
PPV benefits for LV and RV may be negated by
the cardiodepressant effects of sedation such as
propofol.®® Early discontinuation of PPV is benefi-
cial once metabolic and respiratory insults have
resolved, even on significant inotropic support, in
comparison to noncardiotomy CS.5°

Evidence in PCCS is limited to retrospective
data. In all-comer CS, the use of PPV has been
repeatedly shown to improve P/F ratio, respiratory
compliance, LV indices, and in some studies, RV
indices.®” Recommendations include targeting
lung protective ventilation with tidal volumes be-
tween 4 to 8 mL/kg and driving pressure less
than 15 cmH20.7%-"2 RCT data in uninjured lungs
suggest that this can be extended up to 10 mL/
kg.”® PEEP should be increased as needed to cor-
rect hypoxemia, as undertreated atelectasis may
be more detrimental than high PEEP to RV func-
tion.”® RCT data in acute respiratory distress syn-
drome, uninjured lungs, and cardiac surgery
without CS have shown that high PEEP is protec-
tive against development of acute respiratory
distress syndrome (ARDS) and hypoxemia without
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detrimental effects on cardiac function.”®’* Phys-
iologic data on PEEP titration in nonsurgical CS
suggest that the cardiovascular impact of PEEP
may be dependent on etiology of shock.”®

LV assist devices are highly susceptible to high
ventilatory pressure that reduce transpulmonary
flow. RV assist devices (RVADs) are less affected
by PPV-induced afterload, but may have decreased
flow from PPV-induced reduced preload.®® An
ELSO registry study of 2226 CS venoarterial (VA)
extracorporeal membrane oxygenation (ECMO) pa-
tients found that survival to discharge was higher in
the low intrapulmonary pressure ventilation group
(peak inspiratory pressure <30 cm H20).”® Retro-
spective outcome data in nonsurgical CS intra-
aortic balloon pump (IABP) + PPV versus IABP-
only group showed no definite survival advantage
but some hemodynamic benefits.”® Early addition
of an oxygenator or conversion to ECMO should
be considered if metabolic targets cannot be
attained with nondetrimental ventilation.

In summary, the practical approach to mechan-
ical ventilation in PCS should incorporate the
following principles: (1) target lung-protective tidal
volumes of 4 to 8 mL/kg ideal body weight and
driving pressure less than 15 cmH20 and minimize
respiratory acidosis; (2) titrate PEEP to correct
atelectasis and hypoxemia—undertreated atelec-
tasis is more hemodynamically harmful than judi-
cious PEEP application in most PCCS patients;
(8) minimize ventilatory pressures to minimize RV
afterload including in left ventricular assist device
(LVAD)/RVAD and (5) prioritize early liberation
from mechanical ventilation once metabolic and
hemodynamic stability are achieved, even in the
presence of ongoing vasoactive support. Table 5
summarizes specific mechanical ventilation tar-
gets in PCS.

MECHANICAL CIRCULATORY SUPPORT
INDICATIONS

Planning of MCS for patients at-risk for PCCS
starts with preoperatively. For patients at high
risk for PC CS, an axillary CPB cannulation strat-
egy can be considered to facilitate either axillary
VA ECMO or axillary microaxial flow pump device
as an exit strategy in the perioperative setting. For
patients failing initial medical interventions, early
escalation to temporary MCS limits time in shock
state and prevents multiorgan dysfunction.””-8°
MCS choice depends on the urgency of initia-
tion, local expertise, the need for isolated univen-
tricular support versus biventricular support, and
the need for oxygenator support. The most rapid
form of MCS to initiate is VA ECMO. Central VA
ECMO can be rapidly deployed in the operating

Management of Shock After Cardiac Surgery

room using the pre-existing CPB cannulas or dur-
ing chest reopening in cardiac arrest and is often
associated with higher flows than peripheral can-
nulation. The drawbacks of central VA ECMO
include higher risk of bleeding and infection, and
delayed chest closure. Femoral cannulation can
be performed percutaneously in a rapid fashion
at the bedside, with drawbacks of more limited
flow, risk of north-south syndrome, and limb
ischemia. Axillary cannulation is increasingly
used as it provides similar benefits to central VA
ECMO but can be removed without chest reopen-
ing. Upper extremity ischemia and hyperperfusion
remain potential complications.

Central and peripheral VA ECMO may require
upfront or early LV unloading. Methods of LV
unloading include the use of a percutaneous
microaxial flow pump (Impella 5.5 or CP) device,
IABP, atrial septostomy, left atrial (LA) cannula
(left atrial veno-arterial [LAVA] ECMO) and surgical
LA or LV drain. A recent meta-analysis that
included 2 RCTs showed no difference between
upfront LV unloading compared to rescue unload-
ing, though both RCTs used LA drainage cannula
as the unloading strategy, despite some prior re-
ported benefit.?"

In our institution, the goal is to transition off VA
ECMO support into a more durable configuration
once the patient is out of the acute shock stage
and within a 48-hour period. An emerging institu-
tional practice involves concurrent LV unloading
with the Impella 5.5 microaxial flow pump at the
time of initial ECMO cannulation, particularly when
prolonged support is anticipated. This approach is
applied selectively to patients with uncertain or ex-
pected prolonged LV recovery trajectory and pre-
sumed early RV recovery. Combined VA ECMO
and Impella support (ECpella) is associated with
substantially improved outcomes compared to VA
ECMO alone, including lower in-hospital mortality
(47% vs 80%) and higher rates of successful
bridging to recovery or advanced therapy (68% vs
28%).2 Impella 5.5 has demonstrated superior out-
comes compared to earlier-generation devices,
with 76.1% of patients successfully weaned or
bridged to transplant or durable support in PCCS
(vs 55.7% with Impella 5.0).%% For patients in
whom a 3 to 5 day ECMO course is anticipated
due to expected rapid recovery, Impella 5.5 implan-
tation is deferred 48 hours to assess LV recovery
trajectory and reassess its benefit for early MCS
de-escalation. Surgical or percutaneous RVADs
are used as needed for RV support during de-
escalation. This combination of devices allows se-
lective weaning based on predominant ventricular
recovery and enable physiotherapy in appropriately
selected patients. While extubation on VA ECMO is
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Table 5

Parameter Target

Mechanical ventilation targets in postcardiotomy shock

Notes/Evidence

Tidal volume

4-8 mL/kg IBW (up to 10 mL/kg
in uninjured lungs)

Lung-protective ventilation;
titrate based on lung injury
status.

PReVENT trial; ARDSNet

Driving pressure < 15 cmH>0 Independent predictor of
mortality; associated with
improved outcomes across
ventilated ICU populations.

PEEP 5-10 cmH->0 Titrate to correct hypoxemia.

Higher PEEP protective
against ARDS; balance
against RV afterload and
individualize based on RV
tolerance.

Extubation timing Early when stable

Pursue early extubation when
metabolically and
hemodynamically stable;
beneficial even with
significant inotropic
support.

Abbreviation: IBW, ideal body weight.

not routine, concurrent Impella 5.5 insertion has
facilitated extubation within the first 24 to 48 hours
in selected patients, with reintubation reserved for
device reconfiguration or decannulation. In patients
considered for durable MCS or transplantation,
transitioning to univentricular LV support allows
RV function and PVR assessment critical for optimal
decision-making.

Providing univentricular MCS can unmask un-
derlying dysfunction in the other apparently func-
tional ventricle. Some clinicians advocate for
upfront full biventricular ECMO support with rapid
de-escalation to optimize timely organ perfusion
and minimize time in the shock state in settings
of limited hemodynamic profiling.842° For isolated
LV support, Impella 5.5 is more commonly used
perioperatively through an axillary graft or tunneled
direct aortic cannulation.®® For isolated RV sup-
port, surgical RVAD through a tunneled pulmonary
artery graft and peripheral drainage site have been
increasingly used as they can be removed without
reopening the chest.?” With the wide variety of
MCS options, institutional protocols may be help-
ful to guide the team’s decision-making process,
and we propose the following algorithm (Fig. 3).

CARDIOTHORACIC ADVANCED LIFE SUPPORT

Cardiothoracic Advanced Life Support (CALS) was
developed to optimize survival in this high-risk
population by tailoring resuscitation strategies to

minimize harm from traditional cardiopulmonary
compressions while maximizing perfusion and
rapid return of circulation, including early defibrilla-
tion, pacing, and, when necessary, emergency
resternotomy.®8

CALS requires a coordinated multidisciplinary
team, specialized carts (open chest, ECMO), and
trained personnel who have completed CALS-
specific competency training. When arrest occurs,
the CALS protocol begins with rhythm assessment
and immediate intervention:

e Ventricular fibrillation/pulseless ventricular
tachycardia (VT): Defibrillate within 1 minute;
if unsuccessful, initiate external cardiac mas-
sage and administer amiodarone. For ventric-
ular fibrillation (VF) or pulseless VT, immediate
defibrillation with up to 3 stacked biphasic
shocks (200-360 J) is emphasized, as suc-
cess declines rapidly over time.

e Asystole/bradycardia: Attempt pacing first; if
ineffective, begin compressions. Extreme
bradycardia or asystole mandates immediate
pacing via epicardial wires or external pads
before initiating compressions.

e Pulseless electrical activity: Exclude fine VF,
then proceed with compressions.

o [f initial measures fail, rapid reopening of the
chest allows internal cardiac massage and
direct correction of surgical complications
such as tamponade or graft occlusion.

Descargado para Anonymous User (n/a) en Andrés Bello University de ClinicalKey.es por Elsevier en julio 25, 2026. Para uso personal
exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2026. Elsevier Inc. Todos los derechos reservados.



PCCS requiring MCS

Management of Shock After Cardiac Surgery

No
Local expertise? Early referral and
transfer
Yes
Immediate MCS required?
Yes (< 60 min) No (> 60 min)

VAECMO

Consider addition of LV
unloading device
(IABP, Impella, LA-VA)

Biventricular
dysfunction

|

|

|

|

0 I

: | Oxygenator need? Oxygenator need? 1

\ ! Yes No Yes No !

Early de-escalation once 1 I
past shock stage | RVAD with  RightImpella VA ECMO Left Impella 1
! 1 oxygenator RVAD w/o LA-VA LA-VA |

I 1 oxygenator |

1 1 | ! | 1

| 1 L=t =====- - I

I |

| |

Fig. 3. Algorithmic approach to temporary MCS decision in PCS. Orange full lines represent initial approach to
device selection; Blue interrupted lines represent secondary steps after initial attempt at stabilization and require

expert reassessment. LA-VA, left atrium VA.

CALS applies to adult patients within 10 post-
operative days of a median sternotomy or clam-
shell incision for procedures including CABG,
valve surgery, heart or lung transplantation,
ascending aortic repair, and certain VAD place-
ments. Patients with nonsternotomy procedures,
durable VADs, or thoracoabdominal repairs are
excluded.

The Society of Thoracic Surgeons consensus®
and other studies reports significant mortality re-
ductions with CALS implementation with improve-
ment in neurologically intact survival rates,
attributing success to rapid defibrillation, pacing,
and timely surgical intervention; strategies that
are absent in conventional ACLS.®8

SUMMARY

PCS is a complex physiologic phenomenon
requiring a multimodal assessment and nuanced
management strategies.

CLINICS CARE POINTS

e Conventional cardiogenic shock criteria do
not apply after cardiopulmonary bypass; a
maximum vasoactive-inotropic score >20-25
with evidence of hypoperfusion offers a prac-
tical, standardizable definition of post-cardi-
otomy shock.

Hemodynamic
profiling

e == == em e e e Em o oem e = = - |

Predominant
LV failure

Predominant
RV failure

v
= = = Unsupported ventricle failing

e Static filling pressures (CVP, PCWP) poorly
predict preload after cardiac surgery; thermo-
dilution is the only cardiac-output method
linked to outcomes, and on extracorporeal
mechanical support it should be trended
rather than read as an absolute value.

e No inotrope is proven superior in post-cardi-
otomy shock, so select agents by the domi-
nant hemodynamic phenotype; dobutamine,
a rapidly acting inodilator, doubles as a
bedside diagnostic to separate cardiogenic
from vasoplegic physiology, whereas low-
dose epinephrine suits mixed shock but
causes type B lactic acidosis independent of
perfusion that can prompt unnecessary fluid
boluses or imaging.

e Milrinone’s long (~2-hour) context-sensitive
half-life and renal clearance make it unwieldy
amid rapidly shifting hemodynamics and co-
existing renal dysfunction; reserve it for es-
tablished RV failure or high pulmonary
vascular resistance, or for use once major he-
modynamic shifts have settled, often at low
dose alongside an adrenergic inotrope.

e Apply lung-protective ventilation (tidal vol-
ume 4-8 ml/kg IBW, driving pressure <15
c¢mHz0), titrate PEEP to correct atelectasis,
minimize ventilatory pressures with LVAD/
RVAD support, and pursue early extubation
once the patient is stable, even on significant
inotropic support.
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e When forward flow remains inadequate
despite optimized vasopressors and ino-
tropes, escalate to temporary mechanical cir-
culatory support early, before multiorgan
dysfunction develops, to limit time in the
shock state; completing pulmonary artery
catheter profiling before cannulation is asso-
ciated with lower in-hospital mortality.
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