
Journal of Intensive Medicine 2 (2022) 8–16 

Contents lists available at ScienceDirect 

Journal of Intensive Medicine 

journal homepage: www.elsevier.com/locate/jointm 

Review 

Septic cardiomyopathy: Diagnosis and management ☆

Florence Boissier 1 , 2 , Nadia Aissaoui 3 , 4 , ∗ 

1 Service de Médecine Intensive Réanimation, CHU de Poitiers, Poitiers 86021, France 
2 Université de Poitiers, Poitiers INSERM CIC 1402 (ALIVE group), France 
3 Service de Médecine Intensive Réanimation, Hôpital Cochin, APHP, Paris 75014, France 
4 Université de Paris, Paris Cardiovascular Research Center, INSERM U970, Paris 75015, France 

a r t i c l e i n f o 

Keywords: 

Septic shock 

Myocardial dysfunction 

Echocardiography 

Septic cardiomyopathy 

a b s t r a c t 

There is an extensive body of literature focused on sepsis-induced myocardial dysfunction, but results are con- 

flicting and no objective definition of septic cardiomyopathy (SCM) has been established. SCM may be defined 

as a sepsis-associated acute syndrome of non-ischemic cardiac dysfunction with systolic and/or diastolic left 

ventricular (LV) dysfunction and/or right ventricular dysfunction. Physicians should consider this diagnosis in 

patients with sepsis-associated organ dysfunction, and particularly in cases of septic shock that require vasopres- 

sors. Echocardiography is currently the gold standard for diagnosis of SCM. Left ventricular ejection fraction is 

the most common parameter used to describe LV function in the literature, but its dependence on loading condi- 

tions, particularly afterload, limits its use as a measure of intrinsic myocardial contractility. Therefore, repeated 

echocardiography evaluation is mandatory. Evaluation of global longitudinal strain (GLS) may be more sensi- 

tive and specific for SCM than LV ejection fraction (LVEF). Standard management includes etiological treatment, 

adapted fluid resuscitation, use of vasopressors, and monitoring. Use of inotropes remains uncertain, and heart 

rate control could be an option in some patients. 
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Sepsis is a significant cause of mortality, [1] but sepsis-induced

ardiomyopathy, or septic cardiomyopathy (SCM), is not well-

haracterized with regard to prognosis or treatment. SCM may

e defined as depressed intrinsic contractility induced by sep-

is. The reported prevalence of SCM varies widely from 10% to

0%. [2] Myocardial dysfunction in sepsis is a poorly understood

henomenon. Although there is an extensive body of literature

n this subject, the results are conflicting and no objective defi-

ition of SCM has been established. [2–4] In the present study, we

ill review the recent literature with a focus on the pathophys-

ology, definition, diagnosis, prognosis, and treatments of SCM.

athophysiology 

A major impediment to understanding SCM is the variety

f definitions by which it is described. Primary myocardial
☆ Given her role as Editorial Board Member, Prof. Nadia Aissaoui had no involveme

ts peer-review. Prof. Olfa Hamzaoui took the responsibility for peer-review progress
∗ Corresponding author: Nadia Aissaoui, Service de Médecine Intensive–Réanimatio

aint-Jacques, 75014 Paris, France. 

E-mail address: nadia.aissaoui@aphp.fr (N. Aissaoui). 

ttps://doi.org/10.1016/j.jointm.2021.11.004 

eceived 5 August 2021; Received in revised form 14 November 2021; Accepted 25 

vailable online 27 December 2021 

opyright © 2021 The Authors. Published by Elsevier B.V. on behalf of Chinese Med

 http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
ellular dysfunction in sepsis can manifest in multiple ways,

ncluding left and/or right ventricular impairment during

ystole or diastole, and with or without inadequate cardiac

utput (CO) and oxygen delivery. Several pathways secondary

o pathogens and a dysregulated host immune response have

een proposed to explain sepsis-associated changes in myocar-

ial contractility. [3,4] Pathogen-associated molecular patterns

PAMPs), such as lipopolysaccharide, are recognized by toll-like

eceptors. Endogenous damage-associated molecular patterns

DAMPs) such as heparan sulfate fragments, histones, and

igh-mobility group protein B1 also trigger multiple intracellu-

ar pathways that induce secretion of innate pro-inflammatory

ytokines, such as tumor necrosis factor (TNF)- 𝛼 and interleukin

IL) − 1. [5–7] These cytokines were associated with myocardial

ysfunction and organ failure in patients with septic shock. [8] 

n contrast, mediators involving adaptive immunity and repair

the IL17/interferon pathway and vascular endothelial growth

actor [VEGF]) were associated with faster resolution of sepsis
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nd a higher survival rate. [8] An imbalance between these two

ypes of cytokines may promote myocardial dysfunction in

ome patients. However, these associations were not observed

n another clinical study. [9] 

Endothelial and inducible nitric oxide (NO)- synthase plays

mportant roles in myocardial dysfunction. NO can alter preload

nd afterload, promote down-regulation of beta-adrenergic re-

eptors, reduce response of myofilaments to calcium (Ca 2 + ), and

ncrease mitochondrial permeability. [4] 

Mitochondrial dysfunction is multifactorial in sepsis, [10] and

an manifest with ultrastructural abnormalities, oxidative phos-

horylation disorders, signaling alterations, and impaired bio-

enesis and mitophagy, resulting in insufficient renewal of mi-

ochondria. [11] Secondary to impairment of the antioxidant ca-

acity of mitochondria, oxidative stress interferes with signaling

athways, and also increases mitochondrial calcium and free

atty acid levels. Calcium dysregulation can also contribute to

yocardial dysfunction. [12] 

Sympathetic hyperactivation in sepsis can lead to myocar-

ial dysfunction through tachycardia, shortened diastole, and

eft ventricle (LV) filling, and through conversion of adrener-

ic G protein coupling from a stimulatory to an inhibitory re-

ponse. [4] Furthermore, 𝛽-adrenergic receptor down-regulation

ould explain refractory response to catecholamines. The hy-

othesis that coronary ischemia occurs secondary to microcir-

ulation hypoperfusion has not been seen in some studies, [13,14] 

ut coronary microvascular dysfunction has been observed. [4] 

ndogenous and/or exogenous adrenergic stimulation may also

ontribute to SCM, as seen in Takotsubo syndrome. In an au-

opsy study, myocytolysis, interstitial fibrosis, contraction band

ecrosis, mononuclear infiltrates, and interstitial edema were

bserved in > 90% of patients, and these findings may be ex-

lanatory of stress-induced cardiac lesions. [15] 

Finally, septic endothelial dysfunction, through glycocalyx

egradation, [16] can lead to microcirculatory hypoperfusion and

apillary leaks, resulting in myocardial edema. [17] 

efinitions 

Although there is no consensus clear definition of SCM, most

eview articles and expert opinions agree on a few fundamen-

al features of this unique form of cardiac dysfunction. These

eatures include acute uni- or bi-ventricular systolic or dias-

olic dysfunction with reduced contractility not due to coro-

ary disease. Whether isolated diastolic LV dysfunction and iso-

ated right ventricle (RV) dysfunction should be part of the

efinition of SCM is a topic of debate. [4] Septic myocardiopa-

hy is usually described as reversible. Notably, some patients

ied from fulminant septic shock with associated SCM, and

tudies till date have not considered the competing risk of

eath. 

A description of five hemodynamics profiles in septic shock

as been proposed by Geri et al. [18] using a clustering approach.

hese profiles are as follows: (1) LV systolic dysfunction, (2) LV

yperkinesia, (3) still hypovolemia, (4) RV failure, and (5) well-

esuscitated. This clustering approach failed to identify an LV di-

stolic dysfunction cluster. However, this dysfunction was uni-

ormly distributed among all clusters except in well-resuscitated

atients. 
9 
ncidence 

The incidence of LV and/or RV dysfunction varies depend-

ng on evaluation methods and diagnostic criteria. [2] This het-

rogeneity of incidence depends also on the timing of echocar-

iographic evaluation, and timing factors include evaluation be-

ore or after resuscitation, correction for preload and afterload,

ithin the first 24 h, or within 72 h. In a study by Boissier

t al., [19] LV dysfunction was diagnosed in 22% of patients

ssessed using echocardiography within 24 h, but also in an

dditional 9.8% of patients assessed between 25 h and 72 h.

ieillard-Baron et al. [20] showed an incidence of LV dysfunction

n 18% of patients assessed within 6 h, and 60% within 72 h.

herefore, as most echo parameters are dependent on loading

onditions, the echo assessment should be repeated at multiple

ime points. 

Study population may influence the incidence of SCM defined

y echo criteria. Some studies included both severe sepsis and

atients with septic shock, while others included only patients

ith septic shock. Furthermore, patients with and without me-

hanical ventilation, and differences in preload and afterload

onditions, may influence SCM as defined by echo criteria. 

linical Presentation 

As summarized by L’Heureux et al. [21] clinical features sug-

esting the diagnosis of SCM can include a “septic, cool extremi-

ies phenotype ” on clinical exam, failure to respond to a preload

hallenge, cardiac arrhythmias, and hemodynamic instability

espite vasopressor therapy. 

iagnosis 

Clinicians should consider a diagnosis of SCM in all septic pa-

ients with sepsis-associated organ dysfunction, and particularly

n cases of septic shock requiring vasopressor therapy. [2–4] Some

ommonly reported risk factors for SCM are male sex, younger

ge, higher lactate levels at admission, and a history of heart

ailure, although the latter likely reflects preexisting disease. [21] 

Given the absence of a consensus regarding definition or cri-

eria, diagnosing SCM can be challenging. Several tools can be

sed to evaluate LV ejection fraction (LVEF). Echocardiography

s the most useful technique for bedside evaluation, but mag-

etic resonance imaging (MRI) [22] or ventriculography can also

e used. 

Intrinsic myocardial contractility can be accurately measured

y pressure-volume loop analysis using multicrystal sonomi-

rometry, [23] a conductance catheter, [24] MRI, [25] or radionu-

lide techniques, [26] but these techniques cannot be used during

outine bedside care, particularly in critically ill patients. 

chocardiography 

Echocardiography is the gold standard for the diagnosis of

CM. Every hemodynamically unstable patient should be as-

essed using critical care echocardiography. [27,28] These findings

re summarized in Figure 1 and described in more detail below.
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Figure 1. Echo parameters used to diagnose SCM. LV: Left ventricular; RV: Right ventricle; SCM: Septic cardiomyopathy; TDI: Tissue Doppler imaging; TAPSE: 

Tricuspid annular plane systolic excursion. 
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V systolic dysfunction 

LVEF systolic dysfunction was observed in the first studies of

CM, and was associated with LV dilation. [29] Systolic function

an be assessed using LVEF measured with Simpson’s rule or

V fractional area contraction at the midpoint of the LV. [30,31] 

he initial assumption was that diagnosis of SCM could be made

ased solely on observation of depressed LVEF (LVEF < 45%). 

LVEF is simple to evaluate at bed side, but is highly depen-

ent on loading conditions, and is particularly dependent on af-

erload. [19] Therefore, LVEF is not a sensitive indicator of intrin-

ic myocardial contractility, but reflects the interaction between

V myocardial contractility and LV afterload. [32] Evaluation of

eptic myocardial function must account for ventriculo-arterial

oupling, with decreased afterload at the early phase of sepsis.

his coupling necessitates reevaluation following initial resus-

itation with fluid expansion and vasopressors. 

issue Doppler imaging (TDI) 

The peak systolic velocity, as determined by the S’ wave mea-

ured at the mitral annulus using TDI, may be less dependent on

oading conditions than LVEF. [33,34] However, a meta-analysis

f 13 studies assessing patients with sepsis found no differences

n S’ values between survivors and non-survivors. [35] Measure-

ent of S’ is limited by angle-dependency, and measurements

re unidirectional (longitudinal) and unidimensional (one seg-

ent) evaluations. Notably, the feasibility is limited in critically

ll patients, about 62%. [19] 

peckle tracking echography (STE) 

STE is a recent echocardiographic modality used to evaluate

V deformation over time by following ultrasound echoes called

peckles. [36,37] Global longitudinal strain (GLS), which repre-

ents the change in length during systole compared to that in
10 
iastole, is a good surrogate measure of LV contractility. In ad-

ition, GLS may be angle-independent and less dependent on

oading conditions. [38,39] Typical GLS values are approximately

0%. [40] 

Use of GLS to assess LV systolic function in patients with sep-

ic shock resulted in detection of changes in myocardial con-

ractility in 70% of patients ( vs. 32% of patients evaluated using

VEF), which indicates that GLS may be a more sensitive indi-

ator of systolic dysfunction. [19] In this study, GLS measurement

n day 1 predicted secondary LV dysfunction as determined

y LVEF on day 2 or 3. [19] Notably, GLS impairment has been

hown to be more prevalent in intensive care unit (ICU) patients

ith septic shock than in those without septic shock. [41] 

Evaluation of GLS requires good image resolution and en-

ocardium visualization, and a high frame rate, which limits

he ability to measure GLS in critically ill patients at bedside

42% vs. 97% for LVEF estimated with Simpson or visual eval-

ation). [19] 

Other echocardiographic tools have been used to describe

eptic LV dysfunction, including the myocardial performance

ndex (also called Tei index), which reflects the time spent in

sovolumetric contraction, with lower values reflecting better

unction. [42,43] Mitral annular plane systolic excursion (MAPSE)

ay also be a promising tool for evaluation of SCM. [44–46] 

V diastolic dysfunction 

Diastolic dysfunction is important to evaluate in the ICU, as

t can contribute to acute respiratory distress in some patients

nd to failure to successfully discontinue mechanical ventila-

ion. [47] In patients with septic shock, diastolic function can

e impaired. [48] Similar to LV systolic function, differences in

efinitions and lack of consensus regarding diagnostic tech-

iques complicate diagnosis of diastolic dysfunction. [49] Lanspa

t al. [50] proposed a simplified definition using TDI-derived sep-

al e’ wave ( < 8 cm/s) and E/e’ ratio ( ≤ 8, between 8 and 13,
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nd ≥ 13). This method identified diastolic dysfunction in 87%

f patients with severe sepsis or septic shock. In this study, sep-

al e’ wave was used because it was easier to record than lat-

ral e’ wave (lateral annulus). However, e’ wave may overesti-

ate the severity of diastolic dysfunction. Interestingly, lateral

’ wave was less sensitive to preload variations. [51] In a meta-

nalysis conducted by Sanfilippo et al. [52] that assessed seven

tudies with 636 patients with severe sepsis or septic shock, 48%

f patients had diastolic dysfunction. Diastolic dysfunction was

iagnosed using TDI septal e’ wave, but the included studies

id not have consistent cut-off values. Another meta-analysis by

anfilippo et al. [48] in 2017 that included 17 studies using lat-

ral and/or septal e’ and E/e’ showed that lateral measurements

ere more strongly associated with prognosis than septal values.

The most recent recommendations of ASE and European As-

ociation of Cardiovascular Imaging, published in 2016, define

iastolic dysfunction in patients with normal LVEF as meeting

ore than two of the following criteria: tricuspid jet velocity

 2.8 m/s, left atrial volume > 34 mL/m 

2 , TDI e’ wave < 7 cm/s

n lateral annulus and < 10 cm/s in the septal annulus, and E/e’

atio > 13 in the lateral and > 15 in the septal annulus. [53] How-

ver, these parameters are not fully applicable in the ICU setting,

nd use of TDI e’ wave and E/e’ ratio remains the most reliable

pproach because these measures are relatively independent of

oading state. [54] The 2016 recommendations allowed for iden-

ification of 60% patients with diastolic dysfunction at day 1,

mong 62 patients with severe sepsis or septic shock. [55] Dias-

olic function varies with loading conditions, and evaluation of

his parameter should be coupled with evaluation of LV filling

ressure. In addition, tachycardia related to sepsis and atrial

brillation (prevalence up to 42% in septic shock cases [56] ) can

orsen diastolic dysfunction, and may preclude use of diastolic

unction as a diagnostic measure. A limitation of assessment of

ystolic functions is that unknown preexisting diastolic dysfunc-

ion can affect this measure. 

V dysfunction 

The pathogenesis of RV dysfunction is likely multifactorial in

epsis. Hypoxemia, hypercapnia, and mechanical invasive ven-

ilation (particularly in the case of associated acute respiratory

istress syndrome) may exacerbate RV dysfunction in sepsis and

ead to acute cor pulmonale, [57] even during protective mechan-

cal ventilation. [58] 

Right ventricular dysfunction was reported in 50% of pa-

ients with severe sepsis and septic shock in two retrospective

tudies. [59,60] In one study in which 55% of patients were venti-

ated, RV dysfunction occurred in the absence of LV dysfunction

n 47% of cases. [60] Right ventricular dysfunction was defined

ccording to the following ASE criteria: tricuspid annular plane

ystolic excursion (TAPSE) < 16 mm, tricuspid systolic lateral

nnular velocity (TDI Str’ wave) < 15 cm/s, and RV fractional

rea change (FAC) < 35%. [61] 

However, as with LV systolic and diastolic dysfunction, di-

gnosis is difficult and diagnostic-technique–dependent. The

hape of the RV makes geometrical evaluation difficult, and as-

essment of RV using TAPSE or S wave is limited to longitudinal

valuation. A previous study defined RV failure as a combina-

ion of RV dilatation (RV/LV end-diastolic area > 0.6) and sys-

emic congestion (central venous pressure ≥ 8 mmHg). [57] This
11 
tudy reported RV dysfunction in 42% of 282 ventilated patients

n septic shock. Interestingly, 63.5% of these patients with RV

ailure according to this definition had a normal TAPSE. [57] 

Right ventricular strain using STE may be a promising tool to

etect RV dysfunction, but the associations between RV strain

nd TAPSE or other parameters used to assess RV function are

oderate. Further studies are needed to determine whether RV

ysfunction is a consequence of abnormal loading conditions or

ntrinsic to myocardial dysfunction. [59] 

nvasive monitoring 

Afterload-related cardiac performance (ACP) can be a use-

ul indicator of SCM. Normal CO does not rule out SCM be-

ause decreased systemic vascular resistance (SVR-afterload)

ay falsely elevate the measured CO. Furthermore, CO does

ot necessarily reflect intrinsic cardiomyocyte contractility. The

erived calculation for ACP is as follows: ACP (%) = CO mea-

ured/CO predicted × 100%, with > 80% considered normal.

redicted CO is calculated as a function of SVR as follows: CO

redicted = 𝛽0 

∗ SVR 

𝛽1 ( 𝛽0 = 394.07, 𝛽1 = − 0.64), which in-

ludes a mathematical coupling of measurement errors as a

imit. A few studies have found an association between low ACP

nd mortality in patients with severe sepsis or septic shock. [62–64] 

Ventriculoarterial coupling represents the interaction be-

ween myocardial contractile function and the arterial system

s two interconnected systems. This can be assessed by deter-

ining the ratio of LV end-systolic maximal elastance ( LVend −
ystolicmaximal elastance = 

systolic arterial pressure [ mmHg ] 
LVend − systolic volume [ mL ] 

) and LV end-

ystolic arterial elastance ( LVend − systolicarterial elastance =
systolic arterial pressure [ mmHg ] 

stroke volume [ mL ] 
) , results in 

𝑠𝑡𝑟𝑜𝑘𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 ( 𝑚𝐿 ) 
𝐿𝑉 𝑒𝑛𝑑− 𝑠𝑦𝑠𝑡𝑜𝑙 𝑖𝑐 𝑣𝑜𝑙 𝑢𝑚𝑒 ( 𝑚𝐿 ) 

using

chocardiography; even the reference method is an invasive

easure with pressure-volume loops. [65] Ventriculoarterial

ecoupling (reflecting by a decreased ratio) is associated with

mpaired LV performance, but studies have failed to show a

orrelation with LVEF in patients with sepsis. [66] Assessment of

entriculoarterial coupling may be useful for understanding the

nteraction between contractility and the vascular system and

o guide therapies, but further studies are needed. 

iomarkers 

Measurement of serum cardiac biomarkers may be comple-

entary to echocardiographic assessment. [67–69] Troponin eleva-

ion is frequently observed in sepsis and septic shock, even in the

bsence of myocardial dysfunction. A meta-analysis showed that

ncreased troponin was associated with increased mortality. [68] 

owever, troponin elevation is frequently observed in critically

ll patients regardless of reasons for admission. Furthermore, as-

ays for troponin have become increasingly sensitive, [70] and the

ssociation between troponin and hospital mortality is substan-

ially attenuated after controlling for confounding factors. [71] 

he causes of troponin elevation are likely multifactorial, and

ncreases are associated with myocardial membrane leakage

nd/or cytokine apoptosis, but not macrothrombi. [67] 

Troponin elevation was also associated with severity of RV

ilatation. This association has also been observed with acute

ulmonary embolism and LV diastolic dysfunction. [69] It is un-

lear whether troponin elevation or peak troponin correlates

ith SCM diagnosis. [72–74] Notably, acute kidney injury and
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Figure 2. Potential therapeutic options according to the severity of SCM. Green boxes represent therapies with strong recommendations, strong quality of evidence. 

Blue box represents therapies with strong recommendations, moderate quality of evidence. Yellow Boxes represent therapies with weak recommendations requiring 

confirmation in prospective clinical trials. Red Boxes represents therapies which should not be used due to weak recommendations, low quality of evidence. ∗ Beta 

blockers could be discussed in patients with tachycardia with diastolic dysfunction, but are not recommended in cases of systolic dysfunction or cardiogenic shock. 
† Levosimendan should not be used due to lack of efficacy, poor safety profile, cost, and the limited availability. ECMO: Extracorporeal membrane oxygenation; SCM: 

Septic cardiomyopathy. 
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hronic kidney disease can increase the level of troponin inde-

endent of myocardial factors. 

Troponin assessment, in conjunction with an electrocardio-

ram, is useful to rule out acute coronary syndrome with ST

levation and myocarditis. 

Natriuretic peptides also have prognostic value for patients

ith sepsis, [3,4] as levels are increased in cases of LV or RV wall

tress. However, natriuretic peptide levels are also associated

ith other conditions. [75] Overall, increased cardiac biomarkers

eflect illness severity and prognosis in patients with sepsis, but

hey are not specific to diagnosis of SCM. 

rognosis of SCM 

The first studies assessing SCM reported a lower mortality

ate in patients with decreased LVEF and cardiac index. [29,76–80] 

ncreased LVEF and hyperkinesia might be associated with a

igher mortality rate because this may reflect persistent pro-

ound vasoplegia. [19,78,79] The results regarding the prognos-

ic value of LVEF in patients with severe sepsis and septic

hock are conflicting and a recent meta-analysis did not find

ny association between mortality and LVEF 

[52,81–85] or TDI S’

ave. [35] 

According to several studies and a meta-analysis, GLS could

e a significant predictor of higher mortality. [86–88] Notably, sep-

is may promote cardiovascular disease secondary to persistent

ystemic inflammation. [89] Abnormal LV strain during sepsis (ei-

her too high or too low) was associated with major adverse

ardiovascular events in patients with pre-existing cardiac dis-

ase. [90] 

An association between septic diastolic dysfunction and mor-

ality was also described in several studies, a systematic review,
12 
nd a meta-analysis. [48,52,91,92] However, this study was limited

y small sample size and sample heterogeneity. A prospective

bservational study is ongoing, aiming to assess the prognos-

ic value of diastolic and systolic left ventricular function in

40 patients with septic shock (Vignon et al. [51] PRODIASYS,

CT02918214). 

Some studies have shown that isolated RV dysfunction was

ssociated with worse survival. [59,60,93,94] A recent database

tudy suggested that echocardiographic assessment of my-

cardial function influenced hemodynamic management of

atients with sepsis, which resulted in earlier discontinu-

tion of vasopressor administration, and decreased 28-day

ortality. [95] 

anagement 

Although questions remain regarding hemodynamic support

or septic shock, [96] initial treatment depends on early recogni-

ion and etiological treatment, fluid expansion, and administra-

ion of vasopressors Figure 2 . 

eft ventricular systolic dysfunction 

As the prognostic value of septic LV dysfunction is unclear,

reatment of this dysfunction is also debated. However, thera-

ies aimed at supporting cardiac function are based on assess-

ent of global parameters such as hypoperfusion signs, and are

ot solely based on echographic values or images. 

The Surviving Sepsis Campaign 2016–2018 strongly recom-

ends norepinephrine as the first line vasopressor for treatment

f septic shock, although evidence for this treatment is based on

oderate quality evidence. Dobutamine can be added in cases
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ith persistent hypoperfusion despite adequate fluid loading

nd administration of vasopressors, although this is not strongly

ecommended, and is based on low quality evidence. [97] 

A randomized controlled study by Hernandez et al. [98] re-

orted no improvement of microcirculation perfusion parame-

ers despite significant increases in heart rate, cardiac index, and

VEF in patients with septic shock receiving dobutamine com-

ared to those who received placebo. However, the dobutamine

ose was constant (5 μg • kg − 1 • min 

− 1 ) and few patients were on

echanical ventilation. An ongoing RCT is being conducted to

valuate treatment with dobutamine vs. placebo in 270 patients

ith septic LV dysfunction (Vignon et al., [51] ADAPT study, Clin-

calTrials.gov Identifier: NCT04166331). 

Alterations in myocardial adrenergic responsiveness have

een reported in patients with septic shock. [99] However, cate-

holamines can cause many adverse effects, including cardiotox-

city. [15,100] which has prompted additional scrutiny on whether

se of catecholamine administration should be limited. Levosi-

endan is a calcium sensitizer that acts in a catecholamine-

ndependent manner to minimize effects on oxygen demand, ar-

hythmias, and catecholamine resistance resulting from sepsis.

reliminary trials of levosimendan reported reduced mortality

n patients with septic shock patients, but no benefit was found

n a subsequent larger study. [101–103] Therefore, the Surviving

epsis campaign does not recommend use of levosimendan for

reatment of septic shock owing to little evidence for therapeu-

ic value, poor safety profile, cost, and limited availability of the

rug. [97] 

Early venoarterial extracorporeal membrane oxygenation

ECMO) may be suitable for some patients with refractory

epsis-induced cardiogenic shock following correction of vaso-

legia. [104–106] 

V diastolic dysfunction 

Tachycardia and tachyarrhythmias in septic shock can

orsen LV systolic and diastolic dysfunctions, and some stud-

es have evaluated the use of short-acting beta-blockers, such

s esmolol [107,108] or landiolol [109,110] to treat tachyarrhythmias

ith the goal of improving the prognoses of patients with septic

hock. [111,112] However, few of these studies specifically evalu-

ted SCM. In a study by Kakihana et al., [109] mean LVEF was

5% ± 15%, and cardiogenic shock was an exclusion criterion.

eta-blockers should be used with caution and in very few pa-

ients. Systolic dysfunction should be a contraindication for use

f beta blockers in such patients. [113] In a small sample size study

hat assessed nine patients at the early phase of tachycardic and

yperkinetic septic shock, esmolol had exacerbated hypotension

nd decreased cardiac index. [114] Morelli et al. [115] described the

se of the systolic-dicrotic notch pressure difference to identify

achycardic patients at risk of decompensation following heart

ate reduction. A smaller difference was associated with com-

ensatory tachycardia from reduced LV contractility, with high

isk of decompensation in conjunction with heart rate reduction.

his systolic-dicrotic notch pressure difference was measured by

he arterial dP/dt max, obtained by analysis of the radial ar-

erial pressure waveform contour, and used as a surrogate for

entriculoarterial coupling. 

Ivabradine, a selective inhibitor of If channels in the sinoa-

rial node, can lower heart rate without inducing negative
13 
notropy, which is associated with beta blockers. An ongo-

ng randomized trial is evaluating the effects of ivabradine

gainst placebo in patients with septic shock (Mekontso-Dessap

, Ivabradine for Heart Rate Control In Septic Shock (IRISS) ,

CT04031573). 

ight ventricular dysfunction 

In a study assessing patients with septic shock under mechan-

cal ventilation, patients with congestive RV failure with RV di-

ation responded to fluid challenge in 30% of cases, despite sig-

ificant pulse pressure variation. [57] Fluid expansion should be

erformed with caution and with strict hemodynamic monitor-

ng [57] following the early phase of resuscitation in patients with

eptic shock with RV dysfunction. 

imitations of the Literature 

Most of the studies assessing SCM are small, observational, or

etrospective, have heterogeneous samples with regard to sever-

ty (sepsis or septic shock, ventilated or not), and differ in tim-

ng of evaluation, treatment outcomes, co-morbidities, and pre-

xisting cardiac function. Longitudinal studies that include pre-

dmission echocardiography data are lacking, largely because

hese studies are difficult to perform. These factors have limited

evelopment of a consensus regarding definition, incidence, and

rognosis of SCM. 

Case heterogeneity and suboptimal reporting of a number

f items has been emphasized in a review by the PRICES ex-

ert panel of European Society of Intensive Care Medicine (ES-

CM), [116] and some recommendations have been changed to ex-

licitly state which parameters and information should be in-

luded in the design of further echocardiography research stud-

es. [117] Moreover, few studies have evaluated the impact of bi-

logical sex on SCM, [118] which has been shown to influence

athology and response to treatment in animal studies. [119,120] 

onclusions 

Septic myocardial dysfunction is common in septic shock,

ut definitions vary (LV and/or RV, systolic and/or diastolic

ysfunction). Further studies are needed to improve our under-

tanding of the pathophysiology of SCM, to discriminate adap-

ive mechanisms to intrinsic myocardial decrease leading to hy-

operfusion and organ failure, and to evaluate treatments. 
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