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Introduction
The development of sepsis is a critical challenge faced by 
physicians as the cumulative effect of sepsis-associated organ 
failure results in up to 70% mortality in the setting of severe 
hypotension [1]. In the United States, there are approximately 
750,000 cases of severe sepsis diagnosed each year [2, 3]. Sepsis 
is defined as the presence of a systemic inflammatory response 
syndrome (SIRS) in response to an infection [4]. SIRS is defined 
as the presence of 2 or more of the following characteristics: 1) 
temperature > 38ºC or < 36 ºC, 2) heart rate > 90 beats/minute, 
3) respiratory rate > 20 breaths/minute or PaCO2 < 32 torr (< 4.2 

kPa), and 4) white blood cell count <4,000 or > 12,000 cells/mm3 
or > 10% immature (band) forms [4]. Severe sepsis is the presence 
of sepsis associated with organ dysfunction, hypo-perfusion or 
hypotension (systolic blood pressure < 90 mmHG or reduction 
of > 40 mmHG from baseline in the absence of other causes for 
hypotension). [4]. Septic Shock is the presence of sepsis with 
hypotension despite adequate fluid resuscitation along with 
the presence of perfusion abnormalities [4]. Multiple organ 
dysfunctions describes the presence of altered organ function in 
an acutely ill patient such that homeostasis cannot be obtained 
without intervention [4].
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Sepsis is known as the presence of a Systemic Inflammatory Response Syndrome 
(SIRS) in response to an infection. In the USA alone, 750,000 cases of severe sepsis 
are diagnosed annually. More than 70% of sepsis-related deaths occur due to organ 
failure and more than 50% of septic patients demonstrate cardiac dysfunction. 
Patients with sepsis who develop cardiac dysfunction have significantly higher 
mortality, and thus cardiac dysfunction serves as a predictor of survival in sepsis. 

We have very little understanding about the mechanisms that result in cardiac 
dysfunction in the setting of sepsis. At present, the factors involved in sepsis-
related cardiac dysfunction are believed to include the following: persistent 
inflammatory changes in the vascular endothelium and endocardium leading to 
circulatory and micro vascular changes, increase in endothelial reactive oxygen 
species (ROS), abnormal endothelium-leukocyte interaction resulting in a feed-
forward loop for inflammatory cytokines and ROS, contractile dysfunction of the 
heart due to autonomic dysregulation, metabolic changes in myocardium leading 
to impaired oxygen delivery and increased oxygen consumption, mitochondrial 
dysfunction, and persistent inflammatory signaling.

In this review article, we will briefly discuss the clinical challenges and our 
current understanding of cardiac dysfunction in sepsis. Major focus will be on 
the pathological changes that occur in vascular endothelium, with an emphasis 
on endocardium, and how endothelial ROS, impaired endothelium-leukocyte 
interaction, and microcirculatory changes lead to cardiac dysfunction in sepsis. 
The importance of the ongoing quest for the clinical biomarkers for cardiac 
dysfunction will also be discussed. 
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Sepsis commonly induces cardiac dysfunction in critically ill 
patients, and approximately 50% of patients with sepsis show 
signs of cardiac dysfunction. These patients have a higher 
mortality rate than those patients with sepsis without cardiac 
dysfunction [5]. In fact, a patient’s ability to recover from cardiac 
dysfunction during sepsis is an important predictor of survival. 

The underlying mechanisms which lead to the development of 
cardiac dysfunction in the setting of sepsis are not fully known. 
However, it has been demonstrated that factors involved include 
circulatory and micro vascular changes, contractile dysfunction, 
autonomic dysregulation, metabolic changes, increase in reactive 
oxygen species (ROS), mitochondrial dysfunction, cell death and 
inflammatory signaling [1, 6, 7]. 

Importantly, the circulatory and microvascular changes seen 
in sepsis are a natural part of the host response to infection. 
Although initially they are compensatory in nature, the circulatory 
and microvascular changes may become excessive resulting 
in cardiac dysfunction [8]. Cardiac dysfunction in the setting of 
sepsis is associated with abnormal oxygen delivery, macro and 
microcirculatory dysfunction, altered leukocyte-endothelium 
interactions, and increased formation of reactive oxygen species 
(ROS). 

In this article, we aim to review the endothelial abnormalities 
associated with cardiac dysfunction in the setting of sepsis. 

Cardiac Dysfunction in Sepsis
As described by Nasu and Sato cardiac dysfunction in sepsis is 
associated with three main characteristics: (i) left ventricular 
dilatation, (ii) depressed ejection fraction, and (iii) recovery after 
7-19 days [9]. The left ventricular dilatation associated with sepsis 
was first described by Parker et al in 1984 [10]. This left ventricular 
dilatation is the result of left ventricular compliance and is 
associated with low filling pressure. The second characteristic of 
cardiac dysfunction associated with sepsis is depressed ejection 
fraction. Left ventricular dilatation leads to a decreased ability 
to contract leading to the depressed ejection fraction seen in 
septic patients [9-13]. Recent studies demonstrate the presence 
of right ventricular dilatation accompanied with decreased right 
ventricular function in sepsis as well. Severe sepsis is usually 
associated with both left and right ventricular dysfunction. 
In addition, left ventricular nondilatation, right ventricular 
dysfunction and diastolic dysfunction are associated with a worse 
prognosis [1, 9, 11, 14-16]. Finally, the third characteristic of 
cardiac dysfunction associated with sepsis is the heart’s ability 
to correct its dysfunction after 7-10 days [10-12, 17] (Figure 1).

Abnormal Cardiac Oxygen Delivery and 
Oxygen Consumption in Sepsis
Abnormal delivery-dependent oxygen consumption is a 
characteristic of cardiac dysfunction in sepsis [18]. This deficit may 
be caused: 1) by abnormal microcirculatory blood flow leading 
to cellular hypoxia, 2) from defects in the energy producing 
metabolic pathways in the cardiac cells, or 3) from a combination 
of both of these abnormalities. In patients with sepsis, oxygen 
consumption increases as cardiac output increases. In contrast, 

in healthy patients, oxygen consumption reaches a plateau 
and remains constant despite continuing increases in oxygen 
delivery. It is thought that in sepsis, delivery-dependent oxygen 
uptake signifies an underlying cellular deficiency in oxygen, 
making inadequate oxygen delivery an important factor in the 
pathogenesis of organ failure in septic patients [7, 19, 20]. Sepsis 
is known to cause increased oxygen consumption in cardiac 
tissue and to cause decreased coronary perfusion [21]. While 
fluid resuscitation can reverse the discrepancy between oxygen 
delivery and demand in early sepsis, this difference becomes 
difficult to overcome as patients deteriorate. Increased oxygen 
delivery to cardiac tissue is an ongoing struggle for the physician 
managing patients in cardiac dysfunction from sepsis. 

Preserved Macrocirculatory Cardiac 
Blood Flow in Sepsis
Interestingly, coronary blood flow is increased in patients with 
septic shock. It is believed that myocardial tissue contains 
mechanisms of autoregulation that lead to a narrowed oxygen 
content difference (arterial minus coronary sinus) and diminished 
fractional extraction of arterial oxygen in the setting of sepsis. 
These findings suggest that global cardiac ischemia may not be 
the cause of cardiac dysfunction in septic shock [18, 22, 23]. This 
may also explain why patients with severe cardiac dysfunction in 
the setting of septic shock eventually do not respond to increased 
fluid resuscitation; rather they often require inotropic support. 

Cardiac Microvascular Dysfunction in 
Sepsis
Microvascular dysfunction plays a central role in cardiac 
dysfunction. Vascular dysfunction affects all branches of the 
vascular system including the arterioles, capillaries and venules. 
Arteriolar dysfunction leads to abnormal tissue perfusion and 
is characterized by the loss of vasoreactivity [24-26]. Capillary 
dysfunction leads to the inability of oxygen delivery to the 
mitochondria of the cardiomyocyte and is characterized by 
decreased ability of cardiac tissue to extract oxygen [24, 25]. 
Venular dysfunction leads to aberrant inflammatory cell trafficking 
and protein exchange, and is characterized by enhanced 
neutrophil infiltration and protein leakage in the tissues [24, 25]. 

 Research suggests that inflammation affects the coronary 
arteriolar response to both alpha (phenylephrine, clonidine) 
and beta adrenergic stimulation (isoproterenol) and to products 
released from platelets (ADP and serotonin) [27-29]. 

Chronic sepsis results in reduced alpha 2-adrenoreceptor-
mediated relaxation of coronary arterioles [27]. In a rat model of 
chronic sepsis, subepicardial coronary arterioles were isolated and 
found to have reduced contractile responses to the protein kinase 
C activator (12-deoxyphorbol 13-isobutyrate 20-acetate) and the 
alpha 1-adrenoreceptor agonist (phenylephrine) [27]. In addition 
relaxation responses of the subepicardial coronary arterioles were 
reduced in response to the endothelium-dependent vasodilator 
(adenosine 5-diphosphate), the alpha 2-adrenorecetor agonist 
(clonidine), and the PKC inhibitor (staurosporine). However the 
relaxation to the endothelium-independent cyclic GMP-mediated 
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vasodilator (sodium nitroprusside) was not affected. Relaxation 
to clonidine was inhibited by endothelial denudation or after 
blocking nitric oxide synthase. Together, these results suggested 
that sepsis significantly inhibited endothelium-dependent 
coronary vasorelaxation. 

Beta 2-adrenoreceptors appear to affect coronoary 
microcirculation over beta 1-adrenoreceptors in a pig model of 
endotoxemia [29]. Preconstricted coronary arterioles dilated in 
response to either the Gs-protein activator (sodium fluoride), 
the adenylate cyclase activator (forskolin) or the nonselective 
beta-adrenoreceptor agonist (isoproterenol). After 3 hours 

of endotoxemia, the relaxation response to sodium fluoride 
and isoproterenol was significantly reduced; however, the 
response to forskolin was not changed. Addition of a beta 
2-adrenoceptor blocker, (ICI-118, 551) reduced the relaxation 
of the control microvessels induced by isoproterenol while the 
beta 1-adrenoceptor blocker (atenolol) only slightly reduced 
the isoproterenol-induced relaxation [29]. Taken together, these 
data indicate that sepsis impairs beta 2-adrenoceptor-mediated 
relaxation in the porcine coronary microcirculation. 

Sepsis also alters the reaction of coronary vessels to platelet 
products [28]. A pig model of endotoxemia was used to study 
the effect of sepsis on coronary and pulmonary responses 
to platelet products, e.g. serotonin and ADP [28]. Coronary 
arterioles from the sepsis pigs were contracted in the presence 
of serotonin which was reversed by indomethacin [28]. The 
relaxation response was more significant in the septic pigs than 
in the control pigs. In contrast, relaxation response to ADP was 
unchanged in endotoxemia [28]. Similar results were seen in 
the pulmonary arterioles [28]. Relaxation induced by sodium 
[28] nutriprusside (SNP) was unaffected by endotoxemia in both 
the coronary and pulmonary arterioles. These data suggest that 
coronary microvascular relaxation responses to serotonin are 
significantly reduced, even are converted to contractile responses 
in endotoxemia while the relaxation response to ADP and SNP is 
minimally affected by endotoxemia [28]. Together, the findings 
pointed towards a dysfunctional microvascular response to the 
platelet-specific product serotonin in porcine model of sepsis. 

Interestingly, Thijs et al. used a canine model of endotoxin 
induced shock to investigate whether heterogeneous coronary 
blood flow is distributed evenly throughout cardiac tissue [23]. 
Using radioactive microspheres to study myocardial blood flow 
in small tissue sections, these authors evaluated hemodynamic 
variables and global myocardial metabolism. They reported that 
heterogeneous blood flow was distributed unevenly in areas 
of the heart while global blood flow was well-maintained. This 
flow-micro flow misdistribution may well be associated with focal 
areas of ischemia which could contribute to the overall cardiac 
dysfunction seen in the setting of sepsis [23]. Sepsis has also been 
found to lead to microvascular dysfunction by causing swelling of 
endothelial cells and increasing non-occlusive intravascular fibrin 
deposition in the heart [7, 20]. Therapies aimed at improving the 
microvascular dysfunction associated with sepsis may provide an 
effective means to reverse cardiac dysfunction. 

Enhanced Leukocyte and Endothelium 
Interactions in Sepsis
The leukocyte-endothelium interaction is an important aspect 
leading to microvascular disease. The inflammation associated 
with sepsis leads to vascular leakage and myocardial edema 
resulting in reduced cardiac function and compliance [7]. In the 
presence of inflammatory stimuli, vascular endothelium directs 
leukocytes to sites of vascular injury. In sepsis, there is an increase 
in leukocyte rolling and adhesion which leads to the production 
of toxic mediators by the dysfunctional endothelium and the 
activated leukocytes [30, 31].

Sepsis (Infection + SIRS)

Intial Preserved Blood Flow
(Tachycardia, Autoregulation)

Sepsis

                          ROS      
Microvascular Dysfunction
( capillary, arteriolar, venular
                   dysfunction)

                               ROS
        (Dysfunctional Endothelium,
                 Activated Leukocytes)

Leukocyte-Endothelium Interaction

Impaired Oxygen Delivery and Myocardial Oxygen Consumption

ROS from EC in Endocardium
     (Myocardial Contractile
                  Dysfunction)

                 Sepsis-induced Cardiac Dysfunction
    Left Ventricular Dilatation, Depressed Ejection Fraction,
Recovery after 7-9 days (Biomarker Release:sFLT-1, PAI-1,
                             sE-selection, sICAM-1, sVCAM-1)

Figure 1 Pathway leading from sepsis to cardiac dysfunction 
as a result of endothelial dysfunction. 
Systemic Inflammatory Response Syndrome (SIRS) 
in the presence of an infection constitutes sepsis. 
Initially, blood flow to the heart is preserved by 
autonomic regulation and tachycardia. At a later 
persistent inflammatory state of sepsis, there 
is an increase in endothelial ROS that leads to 
microvascular endothelial dysfunction. Altered 
endothelium-leukocyte interaction further 
exacerbates microvascular dysfunction and 
ROS production, which act as a feed-forward 
loop in sepsis. Together, these result in unequal 
oxygen delivery to and demand in the septic 
myocardial tissue. Increase in ROS (e.g. superoxide, 
peroxynitrite) generation in endocardium 
contributes to abnormal myocardial contractility 
and eventual cardiac dysfunction. Candidate 
biomarkers are indicated: soluble fms-like tyrosine 
kinase/sVEGFR1 (sFlt-1), plasminogen activator 
inhibitor-1 (PAI-1), sE-selectin, soluble intercellular 
adhesion molecule (sICAM-1), and soluble vascular 
cell adhesion molecule (sVCAM-1).
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In the setting of sepsis endocardium is known to 1) have a pro-
inflammatory phenotype, 2) contain elevated levels of pro-
inflammatory transcription factor, such as NFkB, [24, 32], 3) 
induce the expression of adhesion molecules on endothelial cells 
[33], 4) promote adhesion (and thus slow rolling) of PMN cells 
to endothelial cells (EC) [32, 34], 5) promote trans-endothelial 
migration of polymorphonuclear (PMN) cells into the cardiac 
insterstitium [35], and 6) promote the adhesion of PMN cells to 
cardiomyoctyes. These endothloelium-adhered PMN cells induce 
an increase in oxidative stress in ECs and cardiomyocytes, which 
impair cardiac contractility [32, 34-40]. 

Kviety et al studied the mechanisms involved in cardiac myoctye 
activation in sepsis and the means by which the activated 
myoctytes promote PMN trans endothelial migration. They 
found that TNF-α and IL-1 help activate cardiac myoctytes 
and that various chemokines (including LIX, KC and platelet 
activating factor) cause the activated myocytes to promote PMC 
transendothelial migration [35].

Calpain has been found to be over activated in cardiac tissue in the 
setting of sepsis induced inflammation. Neviere et al investigated 
the effects of calpain inhibition on myocardial dysfunction and 
inflammation in a rat model of endotoxin-induced sepsis [6]. In 
animal studies, septic mice had reduced systolic function which 
was partially improved by the addition of calpain inhibitors 
[6, 41]. In one study, calpain inhibition reduced plasma levels 
of TNF alpha and nitrite / nitrate levels in the septic rats. In 
their animal model, leukocyte rolling on and adhesion to the 
venular endothelium was increased. This increased leukocyte-
endothelium interaction was reversed by calpain inhibitors. The 
attenuation of leukocyte-endothelium interactions observed 
in the septic rats treated with calpain inhibitor was associated 
with increased levels of the plasma anti-adhesion molecule, e.g. 
endocan (ESM-1). Finally the hearts from the endotoxin treated 
rats had reduced systolic function that was improved with the 
addition of a calpain inhibitor [6]. In another study, calpain 
activation in lipopolysaccharide (LPS)-induced cardiomycytes was 
found to activate caspase 3 and TNFα. Another study reported 
that calpain inhibition improved myocardial function in a mouse 
model of endotoxaemia [41]. Together, these findings suggested 
that calpain inhibition improved sepsis-induced cardiac 
dysfunction by attenuating endothelium-leukocyte interactions 
on the inflamed endothelium [6, 31, 41].

In addition, increased expression of vascular cell adhesion 
molecule (VCAM-1) and neutrophil accumulation are seen in 
myocardial tissue in a mice model of lipopolysaccharide (LPS)-
induced sepsis and myocardial dysfunction. Blockade of VCAM-1 
abrogates neutrophil accumulation in the myocardial tissue and 
preserves cardiac function. This suggests that VCAM-1 may serve 
as a therapeutic target for myocardial protection during sepsis 
[33, 42].

Therapies aimed at attenuating increased leukocyte-endothelium 
interaction seen in sepsis may provide a promising means of 
providing cardiac protection. 

Reactive Oxygen Species in Sepsis 
Reactive oxygen species (ROS) are molecules that have oxidizing 
ability. ROS may or may not have free electrons. Examples of ROS 
include superoxide (O2

⋅-), hydroxyl anion (HO⋅), and nitric oxide 
(NO⋅), hydrogen peroxide (H2O2), hypochlorous acid (HOCl), and 
peroxynitrite (ONOO-). At physiological concentrations ROS are 
essential for normal signal transduction in endothelial cells. 
Overproduction of ROS or reduced availability of antioxidant 
enzymes have traditionally been considered to play an essential 
role in the pathogenesis of cardiovascular dysfunction [43, 44].

Sys et al investigated the role of endothelial paracrine regulation 
of cardiac function in the setting of sepsis [44]. Specifically, the 
authors investigated the role of cardiac endothelium-derived 
endothelin-1, prostaglandin and nitric oxide (NO) during 
endotoxin-induced cardiomyopathy in rabbits [39]. They found 
an increase in NO synthase (eNOS) and cycloocygenase-2 in 
the endocardium and coronary arteriolar endothelium in the 
septic myocardial tissue. Increase in NO may initially act to 
compensate for the increased ROS levels in septic endocardium 
and myocardium. However, increase in ROS (specifically 
superoxide) and NO may finally lead to increase in ONOO. 
Nitrotyrosine was similarly increased in the endothelial tissues in 
these septic hearts. Contractile function of the papillary muscles 
was depressed and the isometric twitches were prolonged. This 
twitch prolongation was reversed by the administration of drugs 
that blocked endothelin-1 and prostaglandin. Interestingly, in the 
septic group, myocardial inotropic responsiveness to endothelin-1 
was increased. Therefore, it appears that coronary endothelial 
activation during sepsis leads to sensitization of myocardial tissue 
to endothelium-derived cytokine and inflammatory mediators 
[45-47].

A mechanism by which increased ROS released from the 
endothelium leads to cardiac dysfunction in sepsis has been 
suggested. It is thought that the nitric oxide that is released 
from activated endothelial cells in the setting of sepsis causes 
dysfunctional isometric contractions of cardiac trabeculae 
leading to cardiac dysfunction [7]. It has been shown that in septic 
conditions, lysozymes bind to endocardium which generates nitric 
oxide production. This nitric oxide then activates the myocardial 
guanosine 3’5’ monophosphate pathway which leads to cardiac 
depression [48, 49].

However, recent data support the notion that increased ROS 
levels may have a protective role in vascular endothelium and 
may lead to improved coronary endothelial function [50-52]. For 
example, in the setting of an inflammatory insult, vascular stress 
leads to the elevated levels of nitric oxide, which in turn has 
mitochondrial protective functions and leads to mitochondrial 
biogenesisis; this may serve as a cardiac repair mechanism [44].

Taken together, ROS play intriguing roles in sepsis-induced cardiac 
dysfunction, ranging from beneficial to deleterious effects. It is 
likely that the sub-cellular sources of ROS including spatial and 
temporal changes in the ROS levels in endothelium determine 
specific cardiovascular outcomes in sepsis (Figure 2).
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Clinical Biomarkers of Cardiac 
Dysfunction
Early detection of cardiac dysfunction in sepsis has significant 
clinical importance. Specific biomarkers of cardiac dysfunction in 
the setting of sepsis will help detect early indication of myocardial 
dysfunction and help monitor critical cases. Plasma troponins are 
currently used to estimate the presence of damage to myocyte 
cell membrane integrity. The levels of troponin in the plasma 
can be affected significantly by acute myocardial ischemic injury, 
increased myocardial stress or demand and the inability to clear 
troponin in patients with low renal function [9]. B-type natriuretic 
peptide (BNP) plasma levels are used to estimate the presence of 
myocardial wall stress [53]. However, BNP plasma values increase 
in the setting of other critical illnesses rather than just sepsis-
induced cardiac dysfunction [54, 55]. Neither Troponin nor BNP 
are specific biomarkers of cardiac dysfunction in the setting of 
sepsis. 

In patients who present to the emergency department with a 
clinical suspicion of infection, biomarkers of endothelial activation 
have been found to be associated with sepsis severity, the amount 
of organ dysfunction and mortality. These biomarkers include 
soluble fms-like tyrosine kinase (sFlt-1), plasminogen activator 
inhibitors-1 (PAI-1), sE-selectin, soluble intercellular adhesion 
molecule (sICAM-1) and soluble vascular cell adhesion molecule 
(sVCAM-1) [2, 8]. In addition, the presence of endothelin-1 
has been found to be associated with both left ventricular and 
right ventricular dysfunction in the setting of sepsis [1]. Taken 
together, these findings suggest that improved understanding of 
endothelial dysfunction associated with sepsis may lead to novel 
endothelium directed therapies.

Clinical Relevance, Advantages and 
Limitations of the Current Review 
In this review article, we briefly discussed the clinical challenges 
and our current understanding of the endothelial dysfunction 
associated with cardiac dysfunction in sepsis. We focused mainly 

on the pathological changes that occur in vascular endothelium, 
with an emphasis on endocardium, and how endothelial ROS, 
impaired endothelium-leukocyte interaction, and microcirculatory 
changes lead to cardiac dysfunction in sepsis. 

 A limitation of our review is that it does not look at the 
inflammatory markers and other parameters that may be 
contributing to cardiac dysfunction during sepsis. However, 
poor blood flow and impaired oxygen delivery and utilization 
are important components of organ dysfunction in sepsis. This 
current review has focused mainly on the changes that occurred 
in the endothelium during sepsis and thus provides insight into 
potential therapies that may help to reverse the endothelial 
dysfunction and potentially treat sepsis-induced cardiac 
dysfunction.

Limitations of the Previous Studies
The above literature shows that in the setting of sepsis, there 
is dysfunction of the coronary endothelial cells that leads to 
cardiac dysfunction. The research suggest that that sepsis leads 
to increase in ROS, microvascular dysfunction, and enhanced 
leukocyte-endothelial interaction- all causing dysfunctional 
endothelium leading to impaired oxygen delivery and impaired 
myocardial oxygen consumption. This eventually leads to sepsis-
induced cardiac dysfunction. This pathway has been well and 
thoroughly studied.

However, there is a conspicuous lack of research showing how 
endothelial dysfunction associated with sepsis actually causes 
the three main characteristics of cardiac dysfunction as described 
by: (i) left ventricular dilatation, (ii) depressed ejection fraction, 
and (iii) recovery after 7-19 days. One explanation that has been 
offered is ROS. However, the precise mechanisms are not yet 
elucidated about how ROS bring about these diverse changes 
leading to cardiac dysfunction. One theory is that the coronary 
endothelial activation (that occurs via increases in ROS) during 
sepsis leads to sensitization of myocardial tissue to endothelium-
derived cytokine and inflammatory mediators [44, 45]. Further it 

E�ect of Sepsis on Endocardium

Abnormal O2
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  Preserved 
Blood Flow:

HR, O2
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Reactive Oxygen
         Species
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Micro-vascular
    Dysfunction

Figure 2  Effects of sepsis on endocardium. 
Cardiac dysfunction in the setting of sepsis is associated with abnormal oxygen delivery and consumption, initially preserved blood 
flow by increasing heart rate (HR), increased formation of reactive oxygen species, altered leukocyte-endothelium interactions, 
and microcirculatory dysfunction. HR, Heart Rate; O2•, Superoxide; ONOO, Peroxynitrite.
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has been shown that localized increase in nitric oxide (NO) that is 
released from activated endothelial cells in the setting of sepsis 
causes dysfunctional isometric contractions of cardiac trabecular 
leading to cardiac dysfunction. A differential distribution gradient 
of NO in the cardiac trabeculae has been suggested to be the 
reason behind the dysfunctional isometric contractions [7]. 
Future studies will need to evaluate these mechanisms more 
thoroughly. 

Directions for Further Studies
Approximately 50% of patients with sepsis show signs of cardiac 
dysfunction. These patients have a higher mortality rate than 
those patients without cardiac dysfunction [5]. In fact, a patient’s 
ability to recover from cardiac dysfunction during sepsis is 
an important predictor of survival and this recovery usually 
occurs within 7-19 days. Research to date has identified many 
different cellular pathways in endocardium which are affected 
in sepsis. Future studies are needed to unlock the mechanisms 
that lead some patients to develop cardiac dysfunction in sepsis 
while others do not. In addition, it is critical to understand the 
mechanisms by which some patients recover from cardiac 
dysfunction around the critical period of 7-10 days, which will 
certainly help develop therapeutic modalities aimed at treating 
cardiac dysfunction in sepsis. 

As mentioned earlier, there is a clear lack of effective biomarkers 
that could predict cardiac outcomes in sepsis. The current 
biomarkers for sepsis-induced cardiac dysfunction include 
endothilin-1, sFlt-1, PAI-1, sICAM-1 and sVCAM-1, which are not 
very specific [1, 2, 8]. Studies are underway to identify biomarkers 

associated with sepsis which will help predict or determine 
severity of organ dysfunction and mortality. Effective biomarkers 
also needed to help understand patients’ response to treatment 
aimed at cardiac dysfunction in sepsis. This review suggests a 
novel research direction towards endothelium-directed therapies 
for sepsis-induced cardiac dysfunction.

Conclusion
Cardiac dysfunction is a common and serious consequence 
of septic shock. Severe sepsis can lead to both right and left 
ventricular compromise which is associated with an increased 
mortality. In the setting of sepsis, there is an increase in oxygen 
consumption in cardiac tissue. Whereas global blood flow to the 
heart is preserved, it is the microvascular changes that occur in 
the setting of sepsis contributing to decreased cardiac function. 
Therefore, reversing the microvascular dysfunction or attenuating 
the enhanced leukocyte-endothelium interaction seen in sepsis 
provides promising mechanisms of treating and / or preventing 
cardiac dysfunction. 
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