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Highlights

e  Sepsis-induced cardiomyopathy (SCM) is an acute, reversible, non-ischemic myocardial
dysfunction in children and adults, ranging from subclinical biventricular impairment to overt
cardiogenic shock, and driven by a complex interplay of systemic inflammation, vasoplegia,
autonomic dysregulation, mitochondrial dysfunction and microcirculatory failure.

e  Multimodal diagnostic approaches combining echocardiography with minimally invasive
techniques provide dynamic insights into preload, afterload, cardiac output and pulmonary
edema, enabling tailored interventions that may improve outcomes in SCM.

Abstract

Sepsis is a complex infection-driven inflammatory syndrome that can lead to life-threatening multi-
organ failure and septic shock, characterized by cardiovascular instability, tissue hypoperfusion, and
impaired oxygen utilization. Myocardial dysfunction is a frequent and multifaceted complication in
both adults and children, with sepsis-induced cardiomyopathy (SCM) representing an acute,
reversible form of non-ischemic cardiac failure involving left and sometimes right ventricular
impairment. Diagnosis relies on excluding acute coronary syndromes and recognizing refractory
shock, low mixed venous oxygen saturation, and elevated cardiac biomarkers, especially in patients
with known risk factors such as pre-existing heart disease or elevated lactate. The pathophysiology
reflects an interplay of systemic inflammation, circulatory redistribution, and mitochondrial
dysfunction, while clinical recognition remains challenging, particularly in pediatrics where
hypotension is a late sign. Early fluid resuscitation is vital to restore perfusion, yet excessive
administration risks fluid overload, underscoring the need for precise hemodynamic assessment.
Conventional echocardiographic measures of heart function may give misleading results in SCM
because they depend on preload and afterload, often underestimating the true degree of myocardial
impairment. Advanced hemodynamic monitoring, ranging from invasive to minimally invasive and
non-invasive methods, is currently being studied for managing sepsis. Minimally invasive techniques
offer detailed, dynamic data that complement echocardiography and help identify specific
hemodynamic profiles to guide septic shock treatment. Contemporary management increasingly
favors multimodal monitoring and individualized strategies over protocol-driven approaches to
optimize timely, goal-directed therapy.
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1. Introduction

Sepsis is a complicated, infectious-driven, inflammatory process with life-threatening
consequences due to cascades of interdependent multi-organ failures. At the same time, septic shock
is the clinical manifestation of septic cardiovascular instability, tissue hypoperfusion, and increased
metabolic demands, associated with inadequacy in oxygen delivery or in mitochondrial
oxygen consumption [1,2]. Myocardial dysfunction is a common complication of sepsis, with
multifaceted manifestations among pediatric and adult patients [3]. Sepsis-induced cardiomyopathy
(SCM) is a common sepsis-related, acute, reversible condition of non-ischemic myocardial
dysfunction, which may range from subclinical biventricular impairment to overt cardiogenic
shock [4]. Moreover, current definitions of SCM include a reversible myocardial dysfunction,
unresponsiveness to fluid or vasoactive therapies, and the essential exclusion of an acute
ischemic coronary syndrome [5]. Importantly, septic cardiomyopathy may not be regarded as
synonymous with septic cardiogenic shock. SCM represents a dynamic and heterogenous spectrum
of myocardial dysfunction that may occur across a wide range of hemodynamic states,
including preserved or even elevated cardiac output in the setting of profound vasoplegia. On the
other hand, cardiogenic shock is characterized by inadequate cardiac output and tissue
hypoperfusion, despite optimized preload and afterload [6,7].

On clinical grounds, sepsis and septic shock mainly comprise vasoplegia, a hyperdynamic
cardiac contractility state, and low systemic vascular resistance, with treatment primarily aiming at
restoring vascular tone, while low cardiac output, high left ventricle (LV) filling pressures, high
systemic vascular resistance, decreased perfusion, and evidence of end-organ damage characterize
cardiogenic shock [6]. Moreover, refractory shock to fluid and vasopressor therapy, low mixed
venous oxygen saturation (SvO2), prior history of heart disease, and elevated cardiac biomarkers
highly suggest the diagnosis [7]. Known risk factors for SCM include younger age, pre-existing
cardiac conditions, higher lactic acid levels, and positive blood cultures [8,9].

Myocardial and circulatory compromise is a devastating complication of sepsis, closely linked
to systemic inflammation and blood redistribution. The intertwinement of direct myocardial
depression and circulatory alterations, along with mitochondrial dysregulation, is being highlighted
in current literature [10]. The clinical parameters of septic shock and septic cardiomyopathy are often
elusive, with moderate sensitivity and poor specificity. This especially concerns the pediatric
population, where hypotension is a late sign, and microcirculatory markers, such as lactate, mixed
venous saturation (SvOz) and base deficit, provide better estimations of tissue perfusion [2].

Timely fluid resuscitation is a critical intervention in septic shock to increase venous return,
cardiac output, and oxygen delivery (DO) to tissues. However, monitoring the deleterious effects of
excessive resuscitation is equally essential to prevent fluid overload [11]. According to recent studies,
only 50-60% of patients are fluid responders in the early stages of sepsis, while over-treatment might
be imminent in a significant number of patients [12,13]. Therefore, objective hemodynamic tools are
urgently required for timely and goal-directed therapeutic interventions. Detailed and continuous
hemodynamic assessments are of paramount importance when caring for septic patients, given that
echocardiographic “snapshots” cannot fulfill the whole picture [14,15]. Over the past few decades,
scientific focus has shifted to multifaceted approaches for adult and pediatric sepsis, with
multimodality monitoring instead of standard clinical techniques, and personalized practices instead
of protocolized-based care [2].

The present review aims to provide a comprehensive synthesis of current knowledge on septic
cardiomyopathy in both adult and pediatric populations. Specifically, it focuses on the epidemiology,
pathophysiology, diagnostic challenges, invasive and non-invasive hemodynamic assessment, and
contemporary treatment strategies, seeking to highlight evidence gaps and prompt future research
on characterization and treatment of SCM.
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2. Epidemiology

Reported epidemiological estimates of SCM vary across studies, reflecting differences in patient
populations, diagnostic criteria and monitoring techniques. Consequently, prevalence and outcome
data should be interpreted with caution. Age-specific clinical and developmental norms,
comorbidities, and prognostic outcomes differentiate pediatric septic sequelae from adult responses
[16]. However, children's and adults' septic processes are complicated by myocardial dysfunction at
similar rates [3]. Recent studies have shown that sepsis accounts for 25% of global mortality and 7%
of all pediatric mortality, while the majority of pediatric sepsis cases are complicated by
cardiovascular dysfunction [17,18]. Global reports also provide mortality rate estimations for septic
shock of up to 40-80% [19], while hospital mortality is higher in septic myocardial dysfunction
compared to non-septic cardiomyopathies [20].

Extensive prospective studies in adult septic patients have demonstrated an incidence of up to
70% for septic myocardial dysfunction, depending on study design and diagnostic criteria [21-23],
but a recent meta-analysis reported that the pooled prevalence of SCM was 20%, and was associated
with a pooled odds ratio of 2.3 for mortality risk (95% CI: 1.43-3.69) [24]. In addition, clinical studies
currently report notably high ICU mortality rates of 40-70% for SCM cases [25]. The epidemiologic
variance emphasizes the complexity of sepsis phenotyping and treatment approaches [7].

Similarly, an overall prevalence of 30-70% for pediatric septic cardiomyopathy has been reported
[3,14]. A few studies have reported that 32-47% of children present with systolic dysfunction, while
25-31.5% of cases present with severe impairment and dilatation of all chambers [14,18,26]. Pediatric
septic patients seem to present with low cardiac output (58%), while high cardiac output states
concern a smaller percentage (20%) of septic children [27]. However, a recent study found that septic
shock pediatric patients tend to have higher cardiac output and cardiac contractility, compared to
cardiogenic shock [19]. In addition, these children often do not respond to initial interventions with
fluid resuscitation and vasoactive or inotropic agents, which complicates their clinical course and
necessitates extracorporeal life support [5]. Pediatric mortality for SCM has been reported as high as
55%, in contrast to septic shock cases without SCM, with reported mortality rates of about 7.5% [18].

3. Pathophysiological Mechanisms in Adult and Pediatric Sepsis

Cardiovascular compromise in sepsis is not yet completely elucidated. The initial hypothesis of
myocardial ischemia in SCM has recently been abandoned, based on evidence of high coronary blood
flow, limited myocardial oxygen utilization, and absence of irreversible anatomical abnormalities or
myocardial apoptotic processes. At the cellular level, reduced myocardial calcium responsiveness,
dysregulated intramyocyte calcium homeostasis, oxidative/nitrosative stress, with subsequent
mitochondrial dysfunction and energetic failure, seem to be the basic pathophysiologic abnormalities
in septic myocardial tissues [5,28]. Given that the heart is rich in mitochondria [22] and based on the
theory of hibernation, mitochondrial inhibition might serve as a protective bioenergetic response for
the failing myocardium [29,30]. Current studies have also associated septic cardiomyopathy with the
NLRP3 inflammasome-driven activation of caspase-1 and pyroptosis, especially in macrophages,
cardiomyocytes, and endothelial cells [31,32]. The reversibility of myocardial dysfunction has
recently been postulated, as global myocardial edema and inflammation, but not focal fibrosis, are
characteristic, reversible cardiac magnetic resonance imaging (MRI) findings, differentiating SCM
from myocardial ischemia or acute myocarditis [33]. Overall, nitrosative stress induced vasoplegia,
autonomic dysfunction due to sympathetic overstimulation and (-adrenergic receptor
desensitization, as well as microcirculatory dysfunction with capillary leakage, endothelial
dysfunction, and procoagulant phenomena seem to complete the puzzle of SCM physiology [28,34].
As a consequence, the complexity of myocardial dysfunction in sepsis might be even more
complicated by a profound autonomic dysregulation [35].

4. Echocardiographic Findings in Adult and Pediatric Sepsis
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Non-invasive monitoring with transthoracic echocardiography seems to be part of precision-
medicine strategies in adult and pediatric shock [36]. Bedside echocardiography might show variable
abnormalities in septic patients and enables clinicians to profile the type of cardiogenic dysfunction
(left, right, biventricular, regional, or apical wall motion abnormalities, e.g., in Takotsubo
cardiomyopathy) [6]. Most studies primarily focus on left ventricular systolic or diastolic
abnormalities. At the same time, right ventricular dysfunction might also have a significant and
independent role in SCM and seems to be associated with worse outcome [37]. Moreover,
echocardiography is a technique that enables a rapid estimation of the cause of low cardiac output
(CO) and the identification of patients who require mechanical cardiac support [38]. Overall, most
patients seem to present with global left ventricular (LV) hypokinesia upon admission, or this finding
might even be unmasked after vasopressor support initiation. Other patients may show up with left
ventricular dilatation with systolic dysfunction, while right ventricular (RV) dysfunction might also
complicate the clinical course in a smaller subset of patients [29]. Left ventricular ejection fraction
(LVEF) is commonly used for myocardial contractility estimation, but its dependency on afterload
seems to limit its accuracy [4]. On the contrary, an extensive body of literature focuses on global
longitudinal strain (GLS) as a more sensitive and specific parameter for SCM, and as a significant
predictor of higher mortality [4].

When it comes to functional cardiac abnormalities in SCM, a hypodynamic or even
hyperdynamic myocardial contractility response with preserved cardiac output (CO) in around 30-
50% of patients might be noted in the acute phase [39]. One of the hallmark changes in SCM is
diastolic dysfunction with LV dilatation and increased LV end-diastolic volume (LVEDV), despite
low or normal filling pressures, which seems to act as a compensatory mechanism to preserve stroke
volume. RV dysfunction is another common finding in approximately two-thirds of patients with
SCM, and is probably associated with worse outcome [7,39]. It seems that the combination of
decreased preload, increased RV afterload, and compromised RV contractility is the main reason why
the RV cannot keep pace with the LV, despite ventricular interdependence in steady states [37].

Biventricular dysfunction seems to be common in SCM. In particular, LV systolic and diastolic
dysfunction seem to be present in 50-60% of adult patients with sepsis, while RV dysfunction is
present in 30-50% of cases [10,25]. Based on this, a recent study reported that 78% of adult patients
had elevated EF and low afterload, while only 22% of cases presented with low EF [40]. In addition,
it seems that LV diastolic dysfunction is implicated in the majority of cases, especially in adults, with
recent studies reporting high incidence rates of more than 65-80% [25], while some researchers also
report RV diastolic dysfunction in 35% of SCM cases [41,42]. Interestingly, there are multiple reports,
especially in adults, supporting that a low LV ejection fraction (EF) combined with LV dilatation
tends to correlate with a “paradoxical” lower mortality and better outcomes [43,44]. This paradox
might be explained by the fact that vasoplegia and distributive shock (warm shock phenotype) may
often pseudo-normalize a low EF and mask cardiac impairment, enabling a severely dysfunctional
heart to pump a seemingly normal cardiac output, while less severe patients with not profound shock
will tend to reveal their actual low EF [7,35]. Clinicians should also keep in mind that LV dysfunction
may occur due to vasopressor-driven afterload increase, with dynamic obstruction by inotropic or
vasopressor agents, and that RV dysfunction may be due to mechanical ventilation. It is also essential
to carefully assess CO, as inotropic medications are only indicated if the cardiogenic shock is
associated with low CO and hypoperfusion [38]. Echocardiography studies can roughly estimate
cardiac output using left ventricular outflow tract velocity integral (LVOT VTI). The normal LVOT
VTl in adults is above 18cm, while patients with SCM present with lower LVOT VTI, and a cutoff of
less than 13.2cm has been associated with a higher risk for mortality [45,46].

Concerning pediatric echocardiographic patterns, studies in septic children have shown
reversible left ventricular dysfunction and myocardial wall motion abnormalities [47]. Infants and
young children with septic shock often seem to present with elevated parameters of afterload and
low cardiac output, possibly following a cold shock pathway [3,48,49]. In a pediatric study with
refractory septic shock, 72% of patients had LV dysfunction, while 63% had some degree of RV
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dysfunction [41]. Another study showed that 37% of septic children had isolated LV systolic
dysfunction, 33% LV diastolic dysfunction, and 17% of cases had both LV systolic and diastolic
dysfunction at admission. Multiple studies have also shown that serum troponin levels seem to be
elevated in one-third of pediatric sepsis cases [14]. However, most studies highlight that the potential
direct or indirect interactions between myocardial dysfunction and mechanical ventilation,
pulmonary vascular resistance, hypoxemia or medications are currently incompletely understood
[14].

Based on these observations, multiple studies postulate that conventional echocardiographic
parameters evaluating cardiac function, like ejection fraction (EF), fractional shortening (FS),
fractional area change (FAC) and tricuspid annular plane systolic excursion (TAPSE), might be
misleading and do not reflect the actual underlying myocardial contractility, since they are
dependent on preload and afterload, and often underestimate the severity of SCM [35]. On the other
hand, emerging, objective echocardiographic techniques, like tissue Doppler imaging (TDI) and
strain imaging with speckle-tracking echocardiography (STE), are currently under investigation and
seem to detect early changes of myocardial contractility before conventional parameters [5,25].
Therefore, a growing body of current literature highlights that LVEF is a poor diagnostic tool and
that myocardial strain measurements hold greater diagnostic and prognostic value [7]. Another study
suggested that the RV wall strain might be the strongest predictor of mortality in SCM. Interestingly,
conventional echocardiography seems to have a diagnostic ability of 33% and 32% for LV and RV
dysfunction, respectively, while speckle tracking echocardiography revealed LV and RV dysfunction
in 69% and 72% of cases, respectively [50]. Future research will likely shed light on the diagnostic
value of myocardial strain imaging, informing appropriate therapeutic interventions for SCM.

5. Basic Hemodynamic Monitoring

Hemodynamic monitoring is a critical component of SCM management, serving in cardiac
function and fluid status evaluation, fluid resuscitation, and vasopressor/inotropic therapy
optimization, as well as monitoring response to interventions [51].

Several static hemodynamic parameters have been used for the assessment of patient volume
status. Among these, heart rate (HR), blood pressure (BP), urine output, capillary refill time (CRT),
serum lactate levels, central venous pressure (CVP), pulmonary capillary wedge pressure, cardiac
output (CO), mixed venous saturation (SvO2 and venous-to-arterial carbon dioxide difference (Pv-
aCO2) seem to be less specific and are not currently recommended as isolated modalities to direct the
necessary interventions [2]. However, these indices have been proposed as alarming signs of
hypoperfusion, guiding clinical interventions to improve tissue perfusion. SvO:reflects tissue oxygen
delivery and oxygen consumption. It is expected to be normal or elevated in septic patients. At the
same time, a low SvO2 <70% may identify those patients in circulatory stress, who would benefit by
increasing CO with fluids or inotropes, or by blood transfusions. Pv-aCO: is a direct indicator of
anaerobic metabolism with faster responses to resuscitation compared to lactate. Pv-aCOzis inversely
related to CO, and a high Pv-aCO: (Pv-aCO: >6 mmHg) may identify septic patients who are
inadequately resuscitated [38,51]. Other studies have emphasized the importance of monitoring
trends in lactate, as elevated serum lactate was a strong predictor of SCM [18]. Moreover, multiple
biomarkers have shown significant correlations with myocardial dysfunction and the severity of
septic shock. Elevated B-natriuretic peptide (BNP) is inversely correlated with fractional shortening
and directly associated with the severity of sepsis, especially in the pediatric population. However,
the diagnostic utility in adult sepsis has not been confirmed. Conversely, although cardiac troponin-
T correlates well with myocardial dysfunction and mortality in adult sepsis, the utility of troponin
measurement in pediatric septic shock prognostication is less clear [3].

On the other hand, dynamic parameters, such as the passive leg raising test (PLR), variations in
inferior vena cava dimensions, stroke volume variation (SVV), and pulse pressure variation (PPV),
are considered better indicators of fluid responsiveness, measuring the change in stroke volume in
response to a preload fluid challenge. However, even these dynamic parameters are still debatable
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for their performance and applicability in septic patients, especially in children [2]. Even though
specific goals in terms of macrohemodynamics seem to be easily achieved in sepsis, occult
microcirculatory failure might be imminent, making up a strong determinant of the evolution of
septic shock [17]. Therefore, evolving parameters of microcirculatory perfusion (sublingual
microcirculatory alterations, tissue red blood cell perfusion) are currently analyzed for any clinically
relevant benefits in patient outcomes [11].

6. Advanced Multimodal Hemodynamic Monitoring

Invasive, minimally invasive, and non-invasive advanced monitoring techniques are currently
being evaluated regarding their performance in hemodynamic interpretations in adult and pediatric
sepsis. Invasive and minimally invasive monitoring is increasingly being used to provide more stable
and pluripotential information guiding management of septic shock [17,51]. Besides non-invasive
assessments with echocardiography, multiple studies highlight the critical information provided by
minimally invasive monitoring of cardiovascular performance, which enables the definition of every
hemodynamic phenotype with objective and dynamic parameters [28,52,53]. Cardiac output
monitoring devices, such as transpulmonary thermodilution (TPTD) devices like the pulse index
continuous CO (PICCO), coupled with bedside echocardiography, are currently considered the initial
monitoring modalities for patients with SCM, providing invaluable dynamic hemodynamic
evaluations of fluid responsiveness or the risk of volume overload. TPTD offers calibrated
measurements of CO and cardiac contractility, continuous estimations of SV and afterload
parameters, static volumetric preload assessments (global end-diastolic volume/ GEDV), as well as
valuable data on the severity of pulmonary edema, with extravascular lung water (EVLW) and
vascular permeability indicators [19,38]. A recent study in critically ill children demonstrated that a
decreased afterload assessment provided by TPTD (systemic vascular resistance/ SVR) was
significantly associated with mortality in septic shock. In contrast, cardiac index was associated with
mortality only in cardiogenic shock patients [19]. Other studies demonstrated that the agreement of
CO measurements between echocardiography and TPTD was strong [54], even though variations in
individual patients were considerable, suggesting that these two modalities should not be used
interchangeably [53,55]. Concerning pulmonary edema estimations, even though elevated EVLW
measurements in TPTD highly correlate with the amount of pulmonary fluid in adults, researchers
have not confirmed this association in children [56]. In addition, current reference values measured
for GEDV and EVLW do not apply to children, since measured GEDV values tend to be lower and
EVLW values tend to be higher in young children [57].

Finally, studies in adults have indicated that patients with SCM might benefit from early
invasive hemodynamic monitoring with a pulmonary artery catheter (PAC), which combines
measurements of CO, pulmonary pressures, and SvO2 [6,38]. However, while it provides essential
data, its use is not favored, especially in pediatric patients, as it has not been found to improve
survival. At the same time, equally essential and reproducible information may also be provided by
minimally invasive techniques. Current literature has also reported that TPTD stands up quite well
to the gold standard of PAC, with the ability to discern changes in CO down to 12% [53,56]. However,
some pitfalls of TPTD have been reported, since TPTD provides no direct measurements of the
cardiac contractility, LV or RV filling pressures, and intracardiac shunts make this method highly
unreliable due to recirculation of the infused ice-cold saline [53,58]. In addition, as already analyzed,
a normal CO does not rule out SCM, especially in patients with low SVR. Therefore, a recent study
suggested that cardiac output be assessed only by taking into account SVR (afterload) [35]. Moreover,
arrhythmias, low sedation levels, changes in ventilator pressures, and tricuspid regurgitation may
also affect CO measurements [55]. Increasing accuracy in measured CO has been reported with
software updates in the latest TPTD machinery [59].

7. Current Treatment Concepts Based on Hemodynamic Monitoring
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Given the marked heterogeneity of SCM, therapeutic strategies should be personalized to the
underlying hemodynamic phenotype. Patients with preserved cardiac output and vasoplegia
primarily require restoration of vascular tone, whereas patients with impaired myocardial
contractility and low cardiac output may benefit from cautious inotropic support after preload and
afterload optimization. Importantly, these phenotypes may evolve dynamically over the course of
sepsis, highlighting the need for repeated hemodynamic evaluations [6,7,38]. Multiple studies
advocate that early treatment of vasoplegia with norepinephrine seems to facilitate the increase of
venous return, mean arterial pressure (MAP), and cardiac output, thus improving microcirculatory
perfusion. Vasopressin, as an adjunct to norepinephrine, aims at further increasing MAP while
sparing an additional adrenergic burden. There are no clear recommendations yet on other
medications aiming at improving hemodynamics, like angiotensin II or methylene blue. When it
comes to inodilators, low dose dobutamine seems to be the initial choice, followed by continuous
assessments of its effects. Finally, current evidence favors the use of adrenergic modulation agents,
like a2-agonists (dexmedetomidine), due to the anti-inflammatory impacts, beneficial
microcirculatory actions, and attenuation of vasopressor requirements [11]. Notably, most
therapeutic recommendations in SCM are derived from physiological rationale, observational studies
or expert consensus, and require careful bedside interpretation, particularly in pediatric patients
[11,38].

8. Refractory Septic Shock

Refractory septic shock is defined as elevated serum lactate >8mmol/L, along with vasoactive
inotrope score (VIS) >200mcg/kg/min. Moreover, refractory shock may be suspected in those patients
with normal SvO2 and Pv-aCO2, where microcirculatory and/or mitochondrial dysfunction will
probably lead to a poorly responsive condition to macrohemodynamic therapeutic interventions [51].
Reversible causes or underlying cardiac pathologies (myocarditis, myocardial infarction,
cardiomyopathy, congenital heart disease) should initially be ruled out. Echocardiography should
always be stratified in refractory shock to rule out complications from high vasopressor support, like
LV outflow obstruction [11]. Invasive cardiac support, like ventricular assist devices (VAD) or
venous-arterial extracorporeal membrane oxygenation (VA-ECMO), might be considered as bridge
therapies and seem to be life-saving in refractory septic shock cases [2].

9. Discussion

Septic cardiomyopathy represents a complex, heterogeneous and frequently underdiagnosed
manifestation of sepsis, affecting both adult and pediatric populations. The present review highlights
that myocardial dysfunction in sepsis cannot be understood as an isolated cardiac phenomenon, but
rather as the integrated result of systemic inflammation, vasoplegia, autonomic dysregulation,
microcirculatory failure and mitochondrial energetic impairment [4,7,28,34]. This multifactorial
pathophysiology possibly explains the wide variability in reported prevalence, phenotypes and
outcomes across studies [21-24]. As illustrated in Figure 1, the interaction between inflammatory,
myocardial and circulatory abnormalities in sepsis highlights the need for integrated diagnostic and
monitoring strategies.
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Figure 1. Integrated overview of septic cardiomyopathy, serving as a conceptual framework. Systemic
inflammation triggers myocardial dysfunction, requiring careful diagnostic steps, multimodal hemodynamic

monitoring, and tiered therapeutic strategies.

Diagnostic challenges in SCM always remain, since traditional echocardiographic parameters,
such as left ventricular ejection fraction (LVEF), are highly dependent on preload and afterload,
possibly underestimating myocardial impairment [4,7,35,40]. This limitation may partially explain
the paradoxical observation that reduced LVEF accompanied by ventricular dilatation has been
associated with better outcomes in some studies, potentially reflecting preserved preload reserve and
adaptive myocardial responses rather than irreversible myocardial failure [43,44]. Consequently,
reliance on isolated static echocardiographic measurements is possibly insufficient for accurate
characterization of SCM [35]. Emerging echocardiographic techniques, including tissue Doppler
imaging and speckle-tracking-derived myocardial strain, seem to be more sensitive in detecting early
and subtle myocardial abnormalities and may offer superior prognostic value compared to
conventional indices [4,5,25]. In particular, global longitudinal strain and right ventricular strain have
demonstrated consistent associations with mortality in observational studies of septic patients [50].
However, the clinical integration of strain imaging is currently limited due to operator variability and
lack of standardized reference values, especially in pediatric populations. Therefore, while
myocardial strain imaging holds promise as a diagnostic tool, its routine use is currently
complementary [5,14].

Hemodynamic monitoring constitutes another cornerstone in SCM. Static macrohemodynamic
parameters, such as heart rate, blood pressure, central venous pressure, or even cardiac output, often
fail to reflect tissue perfusion and myocardial performance in sepsis [2,11,38,51]. Multimodal
approaches combining echocardiography, fluid responsiveness dynamic indices and minimal
invasive cardiac output monitoring may provide a more thorough understanding of the variety of
hemodynamic phenotypes [17,36,38]. Transpulmonary thermodilution techniques offer valuable
information regarding preload, afterload, cardiac output and pulmonary edema, and seem to show
reasonable agreement with echocardiographic parameters [19,54,55]. However, their interpretation
requires caution, particularly in pediatric patients, due to limited normative data, and large
interindividual or methodological variability [56,57].
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Importantly, advanced monitoring does not always lead to improved outcomes, unless
embedded within a personalized and pathophysiology-guided clinical context [11,38]. Current
evidence does not seem to support uniform resuscitation targets for all septic patients, while
indiscriminate fluid loading or inotropic support may exacerbate myocardial stress, pulmonary
edema, or ventricular-arterial uncoupling [12,13,35]. Instead, clinical decisions should be guided by
repeated or continuous assessments of cardiac function, systemic vascular resistance and tissue
perfusion, recognizing that a “normal” cardiac output may mask significant myocardial dysfunction
in vasoplegic states [7,35,38].

10. Limitations

Substantial knowledge gaps still remain despite increasing recognition of SCM, especially
regarding specific diagnostic criteria and treatment strategies, which mostly derive from small,
single-center, observational studies or expert consensus [4,7,24]. Adult guidelines are frequently also
implemented in pediatric patients, despite important developmental and physiological differences in
myocardial reserve and vascular responses [3,14,16]. Future research should prioritize prospective,
multicentre studies, to establish standardized definitions and to evaluate advanced diagnostic
modalities and phenotype-guided therapeutic interventions. Crucially, interventional studies will
also determine whether targeted management based on echocardiographic and hemodynamic
profiling could be associated with more favourable outcomes in SCM.

11. Conclusions

Septic cardiomyopathy often complicates the course of sepsis and is characterized by diverse
phenotypic expressions involving left, right, or biventricular dysfunction. A unified consensus and
diagnostic criteria for septic cardiomyopathy remains a challenging issue, due to the dynamic
interaction between intrinsic myocardial depression and sepsis-related alterations in preload,
afterload and vascular tone. Both non-invasive and minimally invasive techniques seem to provide
complementary information that may facilitate more precise hemodynamic phenotyping for SCM.
However, the clinical value of these tools depends on careful interpretation, based on individualized
and physiology-based interventions rather than protocolized resuscitation. Future research on this
field will elucidate whether specific echocardiographic imaging techniques, such as myocardial strain
imaging, in combination with continuous transpulmonary thermodilution monitoring, might guide
more targeted therapeutic strategies for septic shock and septic cardiomyopathy. Until such evidence
is available, clinicians should maintain a high index of suspicion for this under-recognized condition,
especially in septic patients unresponsive to initial fluid and vasopressor therapy, and adopt a
personalized, multimodal hemodynamic assessment for both adult and pediatric septic patients.
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Abbreviations

The following abbreviations are used in this manuscript:

BP Blood pressure

CcO Cardiac Output

CRT Capillary refill time

Ccvp Central venous pressure

DO2 Oxygen Delivery

EVLW Extravascular lung water

FAC Fractional area change

FS Fractional shortening

GEDV Global end-diastolic volume

GLS Global longitudinal strain

HR Heart rate

ICU Intensive Care Unit

LVEF Left ventricular ejection fraction

LV Left ventricle/ventricular

MAP Mean arterial pressure

PAC Pulmonary artery catheter

Pv-aCO2  Venous-to-arterial carbon dioxide difference
RV Right ventricle/ventricular

SCM Sepsis-induced cardiomyopathy

STE Speckle-tracking echocardiography
TAPSE Tricuspid annular plane systolic excursion
TDI Tissue Doppler imaging

TPTD Transpulmonary thermodilution
VA-ECMO Veno-arterial extracorporeal membrane oxygenation
VAD Ventricular assist device

VIS Vasoactive inotrope score

SvO2 Mixed venous oxygen saturation

PICCO Pulse index continuous cardiac output
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