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Objective: To explore the prognostic outcomes associated with different types of septic cardiomyopathy and analyze the factors that
exert an influence on these outcomes.

Methods: The data collected within 24 hours of ICU admission included cardiac troponin I (cTnl), N-terminal pro-Brain Natriuretic
Peptide (NT-proBNP); SOFA (sequential organ failure assessment) scores, and the proportion of vasopressor use. Based on echocardio-
graphic outcomes, septic cardiomyopathy was categorized into left ventricular (LV) systolic dysfunction, LV diastolic dysfunction, and right
ventricular (RV) systolic dysfunction. Differences between the mortality and survival groups, as well as between each cardiomyopathy
subgroup and the non-cardiomyopathy group were compared, to explore the influencing factors of cardiomyopathy.

Results: A cohort of 184 patients were included in this study, with LV diastolic dysfunction having the highest incidence rate (43.5%).
The mortality group had significantly higher SOFA scores, vasopressor use, and c¢Tnl levels compared to the survival group; the
survival group had better LV diastolic function than the mortality group (p < 0.05 for all). In contrast to the non-cardiomyopathy
group, each subgroup within the cardiomyopathy category exhibited elevated levels of cTnl. The subgroup with left ventricular
diastolic dysfunction demonstrated a higher prevalence of advanced age, hypertension, diabetes mellitus, coronary artery disease, and
an increased mortality rate; the RV systolic dysfunction subgroup had higher SOFA scores and NT-proBNP levels, and a higher
mortality rate (P < 0.05 for all); the LV systolic dysfunction subgroup had a similar mortality rate (P > 0.05).

Conclusion: Patients with advanced age, hypertension, diabetes mellitus, or coronary artery disease are more prone to develop LV
diastolic dysfunction type of cardiomyopathy; cardiomyopathy subgroups had higher levels of cTnl. The RV systolic dysfunction
cardiomyopathy subgroup had higher SOFA scores and NT-proBNP levels. The occurrence of RV systolic dysfunction in patients with
sepsis significantly increased the mortality rate.
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Introduction
Sepsis is a life-threatening organ dysfunction caused by a dysregulated systemic inflammatory response to infection.
Every year, more than 18 million cases of severe sepsis are reported globally, and this number is growing.' Cardiac
dysfunction resulting from sepsis is one of the most common complications in clinical settings, with studies showing that
the mortality rate for sepsis-induced cardiac dysfunction can reach up to 70%, three to four times higher than in patients
without subsequent cardiac dysfunction.”

Previously, it was believed that cardiac dysfunction due to sepsis specifically referred to left ventricular (LV) systolic
dysfunction. However, in recent years, with the advancement of echocardiographic technology, researchers have
discovered that septic myocardial injury can manifest as various types of cardiac dysfunctions, such as LV diastolic
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dysfunction, LV systolic dysfunction, and right ventricular (RV) dysfunction, and all can coexist. The timely detection
and assessment of different cardiac dysfunctions and their severity, along with proactive treatment, are crucial for
improving the prognosis of patients with septic cardiomyopathy.

At present, echocardiography stands as the preeminent non-invasive method for diagnosing septic cardiomyopathy.’
Furthermore, in clinical settings, it is the most frequently employed non-invasive technique to evaluate cardiac function,
particularly given the recent advancements in tissue Doppler imaging (TDI). TDI is capable of providing a more precise,
objective, and quantitative assessment of cardiac function and coordination due to its reduced susceptibility to cardiac
preload and afterload.*

Septic cardiomyopathy is a reversible myocardial injury caused by sepsis. At present, the treatment for septic myocardial
dysfunction mainly focuses on symptomatic supportive treatments such as anti infection, fluid resuscitation, and vasopressor
drugs. However, the treatment effect is not satisfactory, so the mortality rate of SCM patients remains high.°

Internationally, research on risk factors for sepsis cardiomyopathy’* has not distinguished different types of sepsis
cardiomyopathy, and research on the prognosis and risk factors of different types of sepsis cardiomyopathy is extremely
rare. The aim of this study is to explore the influencing factors of different types of septic cardiomyopathy, in order to
provide early intervention for these risk factors, thereby preventing septic cardiomyopathy and ultimately reducing the
mortality rate of septic cardiomyopathy.

The purpose of this research is to examine the prognosis of various types of septic cardiomyopathy and the
epidemiological data of septic cardiomyopathy as determined by echocardiography. Additionally, through this study
we aim to ascertain the potential influencing factors that may impact distinct subtypes of septic cardiomyopathy. This
could provide a theoretical basis for the diagnosis and early prevention of septic cardiomyopathy, consequently leading to

a decrease in fatality rates.

Study Participants and Methods
Study Participants

A retrospective study method was employed, involving patients with sepsis admitted to the intensive care units (ICUs) of
the State Grid Corporation of China Beijing Electric Power Hospital and the Northern Jiangsu People’s Hospital from
June 2017 to June 2023.

The criteria for inclusion in the study were as follows: 1) Patients diagnosed with sepsis according to the sepsis 3.0
diagnostic criteria. Sepsis is diagnosed when a sequential organ failure assessment (SOFA) score of at least 2 points or
more is combined with an infection. The diagnostic criteria for septic shock are as follows: necessitating vasopressors to
maintain a mean arterial pressure (MAP) of at least 65 mmHg or more following sufficient fluid resuscitation, and having
a blood lactate level exceeding 2 mmol/L.’

The criteria for exclusion from the study were as follows: 1) Patients with a history of chronic heart failure; 2)
Patients with segmental wall motion abnormalities (possible acute or past myocardial infarction); 3) Patients with
a history of dilated cardiomyopathy or hypertrophic obstructive cardiomyopathy; 4) Patients with a history of cardiac
valve disease; 5) Patients below 18 years or more than 80 years; 6) Patients with atrial fibrillation; 7) Patients with
a hospital stay of less than 24 hours; 8) Patients who did not undergo echocardiography within 24 hours; 9) Patients with

unclear echocardiographic images. (see Figure 1)

Study Methods

Data Collection

The echocardiographic data was collected within 24 hours of ICU admission and included the following measurements:
LV end-diastolic volume (LVDD), LV e¢jection fraction (LVEF), ¢’, E/e’ ratio, LV-Sm, and RV-Sm. Here, ¢’ refers to the
peak early diastolic velocity at the lateral mitral annulus; E/e’ refers to the ratio of early mitral inflow velocity to early
diastolic mitral annular velocity; LV-Sm refers to the systolic motion velocity of the mitral annulus in the left ventricle;
and RV-Sm refers to the systolic motion velocity of the tricuspid annulus in the right ventricle.
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310 patients with sepsis or se
ptic shock

1) Patients with a history of chronic heart failure; n=13

2) Patients with segmental wall motion abnormalities (possi
ble acute or past myocardial infarction); n=7

3) Patients with a history of dilated cardiomyopathy or hyp
ertrophic obstructive cardiomyopathy; n=5

4) Patients with a history of cardiac valve disease; n=14

5) Patients below 18 years or more than 80 years; n=20

126 cases were excluded 6) Patients with atrial fibrillation; n=45

7) Patients with a hospital stay of less than 24 hours; n=5
8) Patients who did not undergo echocardiography within
24 hours; n=8

v 9) Patients with unclear echocardiographic images; n=9

184 cases were included

Figure | A flowchart about the criteria for exclusion.

The criteria for septic cardiomyopathy were sepsis + any one of the following echocardiographic results without prior
cardiac baseline diseases. The echocardiographic criteria included:

1. LV-Sm < 8 cm/s for LV systolic dysfunction cardiomyopathy
2. RV-Sm < 12 cm/s for RV systolic dysfunction cardiomyopathy
3. E/e’ ratio > 15 or e’< 8 cm/s for LV diastolic dysfunction cardiomyopathy

The previous cardiac baseline diseases included chronic heart failure, segmental wall motion abnormalities, dilated

cardiomyopathy, hypertrophic obstructive cardiomyopathy, and heart valve disease.

Sample Collection and Processing Methods

The following information was collected regarding the general health of the patients: age, gender, body mass index
(BMI), previous medical conditions (such as hypertension, diabetes mellitus, and coronary artery disease), site of
infection, and disease diagnosis. Within twenty-four hours of admission, the patient’s levels of cTnl, NT-proBNP,
procalcitonin (PCT), lactate (Lac), SOFA score, vasopressor usage were recorded along with the duration of stay in
the ICU (in days), and the prognosis in the ICU.

Statistical Methods

All the data collected in this study were analyzed using SPSS 22.0 software. Normally distributed measurement data
were expressed as meantstandard deviation (SD), while non-normally distributed measurement data were expressed as
median (interquartil range), and the comparisons were examined by Student-r test and Mann—Whitney test (non
parametric distribution). The categorical data were expressed as n(%), and the differences between the two groups
were examined by chi-square analysis or Fisher’s exact test. P<0.05 was considered statistically significant.
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Results

Patient Demographics

Between June 2016 and June 2023, a total of 310 patients diagnosed with sepsis or septic shock were screened. As per
the exclusion criteria, 126 patients were excluded, leaving 184 eligible patients, of whom 57 died and 127 survived. Of
these 184 patients, 140 had septic shock, and 44 had sepsis without shock (see Table 1).

In the mortality group, the SOFA scores, the proportion of vasopressor use, and troponin levels were significantly
higher compared to the survival group (P<0.05). Regarding echocardiographic parameters, the ¢’ and RV-Sm were
significantly lower in the mortality group than in the survival group (P<0.05). The LVEF and LV-Sm were slightly lower
in the survival group compared to the mortality group, but this difference was not statistically significant.

Statistical Data of Different Types of Septic Cardiomyopathy

Out of the 184 patients with sepsis, 95 cases (51.6%) had septic cardiomyopathy; 80 patients had LV diastolic
dysfunction; 47 patients had LV systolic dysfunction cardiomyopathy; 22 had RV systolic dysfunction; and 9 patients
had a combination of LV systolic, diastolic, and RV dysfunction cardiomyopathy. There were 38 cases of isolated LV
diastolic dysfunction; 6 cases of isolated LV systolic dysfunction; and 6 cases of isolated RV dysfunction (see Figure 2).

Univariate Analysis of Influencing Factors for Sepsis-Induced LV Diastolic Dysfunction
A few statistically significant differences were observed between the non-cardiomyopathy and LV diastolic dysfunction
cardiomyopathy groups with respect to age, prevalence of hypertension and diabetes, incidence of coronary artery disease,
troponin levels, and mortality rates (P<0.05). Nevertheless, no statistically significant differences were observed in terms of

Table | Comparison of Various Indicators Between the Survival Group and Mortality Group

Items Survival Group Mortality Group P-value
[n = 127 cases] [n = 57 cases]
General Condition
Age (years) 66.7£13.4 68.7£20.1 0.42
Male: Female (cases) 74:53 36:21 0.532
Hypertension (cases) 54 30 0.203
Diabetes Mellitus (cases) 54 27 0.54
Coronary Artery Disease (cases) 53 30 0.169
Body Mass Index (BMI) (kg/m 2 21.842.2 222 %19 0.5
SOFA Score (points) 9.242.1 10.6+2.3 0.0l
Length of Stay in ICU (days) 11.4+5.5 12.1%6.1 0.6
Vasopressor Use (cases) 88 52 0.01
Laboratory Parameters
CTnl (ug/L) 0.21+0.07 0.35%0.14 0.021
NTpro-BNP (pg/mL) 3104.33+1655 3604+1328 0.06
PCT (ng/mL) 2.1£1.1 2.6%1.5 0.13
Lac(mmol/L) 24£1.7 2.52+1.51 0.51
Echocardiographic Parameters
€’(cm/s) 8.4x|.1 7.8%1.2 0.02
Ele’ 11.72.1 12.5+2.1 0.2
LVEF (%) 54.7+4.8 55.6+4.1 0.4
LVDD (mm) 54.4+6.1 51.8£7.4 0.3
LV-Sm (cm/s) 8.3%1.6 8.8+1.8 0.7
RV-Sm (cm/s) 13.7x1.7 12.3+2.6 0.03

Abbreviations: CTnl, Cardiac troponin |; NT-proBNP, N-Terminal pro-Brain Natriuretic Peptide; PCT, procalci-
tonin; Lac, Lactate.
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Figure 2 Statistical Chart of Different Types of Septic Cardiomyopathy.
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blood PCT levels, SOFA scores, NT-proBNP levels, or blood lactate levels between the two groups (P > 0.05). LV diastolic

dysfunction cardiomyopathy was associated with a higher mortality rate than non-cardiomyopathy (see Table 2).

Univariate Analysis of Influencing Factors for Sepsis-Induced LV Systolic Dysfunction
When compared with the non-cardiomyopathy group, the LV systolic dysfunction cardiomyopathy group had higher

troponin levels (P<0.05). There were no statistically significant differences for age, BMI, incidence of hypertension,

diabetes mellitus, coronary artery disease, SOFA score, NT-proBNP levels, PCT levels, lactate levels, and the number of

deaths (P > 0.05, see Table 3).

Univariate Analysis of Influencing Factors for Sepsis-Induced RV Systolic Dysfunction
Compared to the non-cardiomyopathy group, the RV dysfunction cardiomyopathy group had higher SOFA scores, troponin, and

NT-proBNP levels, as well as a higher mortality rate (P<0.05). There were no statistically significant differences in age, gender,

BM], incidence of hypertension, diabetes mellitus, coronary artery disease, PCT, and lactate levels (P > 0.05, see Table 4).

Table 2 Univariate Analysis of Influencing Factors for Sepsis Left Ventricular Diastolic

Dysfunction
Items Non-Cardiomyopathy | LVDD Group | P-value
Group (n = 89) (n = 80)

Age (years) 66.0£11.9 75.3£3.5 0.001

Male: Female (cases) 51:38 52:28 0.306

Body Mass Index (BMI) (kg/m ) | 22.03+2.2 22.8+£1.7 0.67

Hypertension (n/%) 31 (34.8%) 59 0.00

Diabetes Mellitus (n/%) 27 (30.3%) 55 0.00

Coronary Artery Disease (n/%) 30 (33.7%) 55 0.00

SOFA Score (points) 9.3%2.2 9.9+1.8 0.06
Troponin (pg/L) 0.18+0.06 0.33£0.13 0.03
NTpro-BNP (pg/mL) 2880.7+1620 3519.0+1834 0.08
PCT (ng/mL) 2.1£1.2 2.2#1.1 0.2
Lac (mmol/L) 24%1.6 1.7+0.7 0.2
Number of Deaths (n) 17 (19.1%) 33 0.002

Abbreviations: NT-proBNP, N-Terminal pro-Brain Natriuretic Peptide; PCT, procalcitonin; Lac, Lactate.

Risk Management and Healthcare Policy 2024:17

https:

Dove:

1019


https://www.dovepress.com
https://www.dovepress.com

Lu et al

Dove

Table 3 Univariate Analysis of Influencing Factors for Sepsis Left Ventricular Systolic

Dysfunction

Items Non-Cardiomyopathy | LVSD Group | P-value
Group (n = 89) (n=47)
Age (years) 66.0£11.9 65.3%12.0 0.91
Male: Female (cases) 51:38 31:16 0.3
Body Mass Index (BMI) (kg/m2) | 22.03£2.2 22.7£2.4 0.73
Hypertension (n, %) 31 (34.8%) 16 0.927
Diabetes Mellitus (n, %) 27(30.3%) 17 0.489
Coronary Artery Disease (n, %) | 30(33.7%) 16 0.969
SOFA Score (points) 9.3+2.2 9.8+2.3 0.08
Troponin (ug/L) 0.18+0.06 0.27%0.11 0.04
NTpro-BNP (pg/mL) 2880.7+1620 3315.0+1366.6 | 0.42
PCT (ng/mL) 2.1£1.2 24£1.5 0.1
Lac (mmol/L) 2.4%1.6 2.6x1.7 0.6
Number of Deaths (n, %) 17(19.1%) 16 0.053

Abbreviations: NT-proBNP, N-Terminal pro-Brain Natriuretic Peptide; PCT, procalcitonin; Lac, Lactate.

Table 4 Univariate Analysis of Influencing Factors for Sepsis Right Ventricular Systolic

Dysfunction

Items Non-Cardiomyopathy | Right Ventricular P-value
Group (n = 89) Systolic Dysfunction
Group (n = 22)
Age (years) 66.0£11.9 60.0£11.0 0.06
Male: Female (cases) 51:38 14:8 0.589
Body Mass Index (BMI) (kg/m %) | 22.03+2.2 21.5£2.2 0.4
Hypertension (n, %) 31 (34.8%) 10 0.355
Diabetes Mellitus (n, %) 27 (30.3%) 10 0.178
Coronary Artery Disease (n, %) 30 (33.7%) 10 0.304
SOFA Score (points) 9.3£2.2 11.2+1.9 0.004
Troponin (ug/L) 0.18+0.06 0.38+0.13 0.001
NTpro-BNP (pg/mL) 2880.7+1620 4120.6+1500.1 0.041
PCT (ng/mL) 2.1%£1.2 23%1.4 0.87
Lac (mmol/L) 24%1.6 2.5%1.5 0.42
Number of Deaths (n, %) 17 16 0.000

Abbreviations: NT-proBNP, N-Terminal pro-Brain Natriuretic Peptide; PCT, procalcitonin; Lac, Lactate.

Discussion

In this study, the ICU mortality rate for 184 patients with sepsis was 30.9%, with 40 deaths among the 95 patients with
septic cardiomyopathy, resulting in a mortality rate for septic cardiomyopathy of 42.1%. This rate is notably higher than
the mortality rate for patients with sepsis without cardiomyopathy, suggesting that the onset of septic cardiomyopathy
significantly increases the risk of death for patients with sepsis. This conclusion is consistent with findings from
international studies.”'’

Our results show that among the 184 patients with sepsis, 95 had septic cardiomyopathy, resulting in an incidence rate
of 51.6%. Of these, the incidence rate of LV diastolic dysfunction cardiomyopathy was the highest at 42.4% (80 cases).
The incidence rate of LV systolic dysfunction cardiomyopathy was 25.5% (47 cases). The study highlights that cardiac
dysfunction induced by sepsis is not limited to the left side of the heart, as the involvement of the right side of the heart is

also common, with RV systolic dysfunction cardiomyopathy occurring at an incidence rate of 3.3%. There were cases
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where patients concurrently exhibited LV systolic, diastolic, and RV dysfunction cardiomyopathy, amounting to an
incidence rate of 4.9%.

CTnl is an internationally recognized biomarker of myocardial injury. The cTnl of sepsis patients in the death group
was significantly higher than that in the survival group. The plasma c¢Tnl concentration of various types of sepsis
cardiomyopathy patients was significantly higher than that of the non cardiomyopathy group. The results of this study are
consistent with those of domestic and foreign studies.'"'

Due to the increased content of substances such as endotoxins, inflammatory factors, and free radicals in sepsis
patients, it is easy to cause varying degrees of damage to myocardial function, which is also one of the mechanisms
leading to sepsis cardiomyopathy. These mediators increase the permeability of myocardial cell membranes, and in
addition, the activation of intracellular pathways in the myocardium leads to the breakdown of cardiac troponin. Some of
the products of cardiac troponin breakdown are released into the bloodstream, causing an increase in systemic cTnl. At
this time, myocardial damage becomes more severe, and an increase in blood cTnl concentration is an important factor
affecting the prognosis of sepsis cardiomyopathy patients.

LV Diastolic Dysfunction Cardiomyopathy

The results of this study showed that out of 184 patients with sepsis, 95 exhibited signs of septic cardiomyopathy, and of
these, 80 patients suffered from LV diastolic dysfunction cardiomyopathy, accounting for 84.2% of the septic cardio-
myopathy cases in this study. This indicates that septic cardiomyopathy, particularly LV diastolic dysfunction cardio-
myopathy, has a high incidence rate. This finding is consistent with the results obtained from various domestic and
international studies.'*'*

In this study, the e’ value, which is a specific marker of LV diastolic function, was notably higher in the survival
group than in the mortality group, while there was no statistical significance between the two groups in terms of E/e’ and
E/A ratios. Since e’ is not influenced by cardiac preload, afterload, or LV systolic function, it reflects the LV diastolic
function with greater precision. The higher e’ values in the survival group indicate that patients with LV diastolic
dysfunction have a significantly higher mortality rate compared to those without such dysfunction. This aligns with the
conclusions of several studies.'>'® Moreover, the study findings showed that the mortality rate in the LV diastolic
dysfunction cardiomyopathy group was higher compared to the non-cardiomyopathy group.

E/e’ > 15 is another commonly used index to assess LV diastolic function. However, the E/e’ ratio has limitations in
reflecting LV diastolic function accurately due to its susceptibility to various factors such as the transvalvular pressure
gradient, age, LV compliance, left atrial size, and cardiac preload and afterload. In this study, no statistical significance
was found between the survival and mortality groups regarding E/e’ and E/A.

Further investigations in this study showed significant statistical differences in age, diabetes incidence, hypertension
incidence, and coronary artery disease incidence between the non-cardiomyopathy group and the LV diastolic dysfunction
cardiomyopathy group. Patients with LV diastolic dysfunction cardiomyopathy tended to be of advanced age and had higher
incidences of diabetes mellitus, hypertension, and coronary artery disease, which aligns with the findings of Pulido."”

Advanced Age

The results of this study revealed that there was no statistically significant difference in the age of patients with sepsis
between the mortality and the survival groups; however, the age of patients with LV diastolic dysfunction was notably

higher. According to studies,'®'?

cardiac function gradually deteriorates with increasing age, particularly LV diastolic
function, making age a significant factor affecting LV diastolic function. The mechanisms by which advanced age leads
to LV diastolic dysfunction may involve a reduced calcium uptake rate in cardiomyocytes and decreased ventricular wall
compliance. As early as 2012, Landesberg et al'* discovered a significant correlation between advanced age and LV

diastolic dysfunction.

Hypertension
Research indicates that hypertension has the potential to stimulate the neuroendocrine system, which may result in various
physiological changes including inflammatory stress, myocardial ischemia and hypoxia, disturbances in cellular calcium
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homeostasis, hypertrophy of cardiomyocytes, proliferation of the extracellular matrix, cardiac remodeling, and LV hyper-
trophy. These modifications have the potential to induce myocardial diastolic dysfunction and reduced compliance.*

Diabetes Mellitus

Early characteristics of diabetic cardiomyopathy include abnormal cardiac diastolic function. Insulin resistance, hyper-
insulinemia, and hyperglycemia are independent risk factors for the development of diabetic cardiomyopathy. The
pathophysiological mechanisms behind diabetic cardiomyopathy include systemic metabolic disorder, excessive activa-
tion of the renin-angiotensin-aldosterone system, oxidative stress, inflammation, and immune dysregulation.?'

Coronary Artery Disease
Clinical research indicates that LV diastolic function is significantly impaired in the early stages of cardiomyocyte
ischemia and hypoxia, whereas LV systolic function is generally unaffected. In patients with hypertension complicated by
coronary artery disease, hypertension exacerbates the reduction in LV diastolic function caused by the coronary condition
through various mechanisms. As coronary artery disease progresses over time, with increasing scope of lesions and
ongoing cardiomyocyte ischemia and hypoxia, coupled with advancing age, these factors contribute to increased LV
stiffness, dyssynchronous movement of the left ventricle, and disorders of ventricular filling, among other manifestations.
Ultimately, this cascade of events results in diminished LV diastolic function.?” Therefore, advanced age, hypertension,
diabetes mellitus, and coronary artery disease can interact with one another, ultimately causing LV diastolic dysfunction.
In patients with cardiovascular diseases, abnormalities in ventricular diastolic function occur earlier in comparison to
ventricular systolic dysfunction. Ventricular diastolic dysfunction is an early manifestation of certain cardiac disorders.
Regional ventricular diastolic dysfunction is frequently present in patients with advanced age, hypertension, diabetes
mellitus, and coronary artery disease, despite the absence of early myocardial morphological changes. Myocardial diastolic
function primarily depends on the active relaxation of the ventricles and passive filling, with the capacity for active
relaxation mainly caused by alterations in cardiomyocyte calcium cycling. Severe sepsis can induce cardiomyocyte diastolic
dysfunction through multiple pathways such as circulating myocardial depressant substances, intracellular Ca>* homeostasis
imbalance, abnormalities in myocardial energy metabolism, mitochondrial dysfunction, and cardiomyocyte apoptosis,
among others. Among these, the imbalance of Ca>" homeostasis is the most direct cause of impaired cardiomyocyte
diastolic function.”>** Severe sepsis can exacerbate the underlying myocardial diastolic dysfunction in patients with
advanced age, hypertension, diabetes mellitus, or coronary artery disease, leading to overt cardiac diastolic dysfunction.

LV Systolic Dysfunction Cardiomyopathy

LVEF is the most frequently utilized clinical index for evaluating LV systolic function. However, its accuracy is highly
dependent on the quality of the echocardiographic images. When measuring LV systolic function with TDI, a technique
distinct from LVEF measurement, the Doppler shift signal of myocardial tissue is assessed. Studies have confirmed that the
longitudinal motion of the mitral annulus is less affected by the preload and afterload of the heart, and the volume status of the
body. Due to the fact that the acquisition of the mitral annulus is not constrained by image quality, TDI offers a straightforward
and rapid advantage. TDI thus presents a novel approach for clinically accurate, speedy, and non-invasive quantitative
evaluation of LV function. The results of this study showed that among 47 cases of LV systolic dysfunction cardiomyopathy,
the incidence rate of isolated LV systolic dysfunction cardiomyopathy was only 3.3% (6 cases). Most patients with LV systolic
dysfunction also had concomitant LV diastolic dysfunction, totaling 38 cases, accounting for 80.8% of all patients with LV
systolic dysfunction. This suggests that ventricular contraction and relaxation are two interdependent processes in the cardiac
cycle, and LV systolic dysfunction is commonly accompanied by LV diastolic dysfunction.

In this study, the sepsis mortality group had slightly higher LVEF and LV-Sm compared to the survival group,
however, the difference was not statistically significant. The group with LV systolic dysfunction cardiomyopathy had
a slightly higher mortality rate compared to the non-cardiomyopathy group, yet there was no statistical significance
between the two groups. Li et al,” studied 61 patients with septic shock and found that the mortality group had
a significantly higher LV-Sm within 24 hours (11.0 cm/s [9.1 to 12.5]) compared to the survival group (7.8 cm/s [5.5 to
9.0]). When LV-Sm was included in multivariate regression analysis, it was identified as an independent risk factor for
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28-day mortality in patients with septic shock. Our study results showed that the LV, LVEF, and LV-Sm in the survival
group were slightly lower than those of the mortality group, but there was no statistical significance between the two
groups. The conclusion drawn in this study is incongruent with that of Li et al, primarily due to differences in patient
selection criteria. Li et al specifically focused on patients with septic shock, whereas our experiment included patients
with sepsis, encompassing a broader range beyond those with septic shock. As early as 2010, Sturgess et al*® also studied
the role of LV-Sm in patients with sepsis and found no statistical significance between the mortality group and the
survival group regarding LV-Sm, a finding that aligns with the conclusions of our study.

RV Systolic Dysfunction Cardiomyopathy
Cardiac suppression caused by sepsis occurs not only in the left side of the heart but is also common in the right side of
the heart, yet sepsis-related right cardiac suppression is often overlooked.

The development of sepsis-associated right cardiac suppression is multifactorial, such as disturbances in microcircu-
lation, myocardial ischemia, release of inflammatory mediators, and endotoxins, among others. RV dysfunction depends
on dual factors: the contractility of the right ventricle itself and the RV afterload. Thus, the RV systolic function is closely
related to the extent of the patient’s lung injury. Endotoxins may lead to hypoxemia, hypercapnia, and acidosis, all of
which can induce pulmonary vasoconstriction and pulmonary hypertension, thereby causing RV dysfunction.?”-*3

The findings of this study showed that the incidence rate of RV systolic dysfunction cardiomyopathy was 11.9% (22
cases), which is significantly lower than the 31% incidence rate of RV systolic dysfunction reported by Pulido et al.'” The
possible reasons for this statistical discrepancy include: 1) The data from ultrasonography is greatly affected by human
factors, and the small sample size of our experiment may lead to certain biases; 2) The study by Harmankaya et al revealed
that the variability of RV-Sm values between different operators ranges between 2.9%—5.1%.> Additionally, the criteria for
RV dysfunction in the study by Pulido et al'” were Sm = < 15 cm/s, whereas in our experiment, we used RV-Sm = < 12 cm/
s as the standard for RV dysfunction (consistent with the criteria used in the study by Furian®”) leading to inconsistencies in
the criteria. All the aforementioned factors could contribute to the variability in the reported incidence rates.

Compared to the non-cardiomyopathy group, patients with RV dysfunction cardiomyopathy showed higher SOFA
scores, troponin levels, and NT-proBNP, as well as a higher mortality rate.

Patients with right heart dysfunction and sepsis cardiomyopathy have a significant increase in blood NT proBNP, which
may be due to the following reasons: 55% of the infection sources in this study were pulmonary infections. Meanwhile,
compared to the left ventricle, the right ventricle is a thin-walled structure with high compliance/low resistance pulmonary
circulation. During sepsis, abnormal increases in pulmonary vascular resistance may occur due to factors such as hypoxic
vasoconstriction, pulmonary infection, acute respiratory distress syndrome, hypercapnia, and mechanical ventilation. Liquid
overload further increases the preload of the right ventricle, leading to a significant increase in NT proBNP levels in patients
with sepsis and right heart dysfunction compared to those without cardiomyopathy.

Our previous research indicates that serum prealbumin is an independent risk factor for death in patients with sepsis.
The SOFA score is one of the two most common scores in critical care medicine that reflects the severity of critically ill
patients’ conditions, with higher scores indicating more severe disease. Therefore, RV dysfunction cardiomyopathy is
associated with the severity of disease in patients in the intensive care unit (ICU) with sepsis and correlates with
mortality rates in the ICU. The conclusions of this study are consistent with previous reports.?®>!

Nevertheless, there are some limitations to this study. It is a retrospective study involving two centers. Furthermore the
sample size was limited to 184 patients; moving forward, it is anticipated that additional centers will collaborate in order to
incorporate a greater number of patients, thereby enhancing the persuasiveness of the data. It is necessary to assess the
reproducibility of the echocardiographic data collected in this study. Echocardiographic measurements are prone to operator
subjectivity, which inevitably introduces data collection bias. In this study, we only investigated the correlations and
differences of echocardiographic parameters within 24 hours of ICU admission without long-term observation and analysis.

Conclusion
Septic cardiomyopathy occurs at a high rate in patients with sepsis, particularly with a high incidence rate of LV diastolic
dysfunction cardiomyopathy. Elevated troponin is a risk factor for various types of septic cardiomyopathy, while
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advanced age, hypertension, diabetes mellitus, and coronary artery disease are risk factors for LV diastolic dysfunction
cardiomyopathy. High SOFA scores and high NT-proBNP levels are risk factors for RV systolic dysfunction. When
patients with sepsis develop RV systolic dysfunction, their mortality rate significantly increases.

The impact of sepsis on the heart is gaining increasing attention. As an adverse cardiac complication, septic
cardiomyopathy significantly influences the prognosis of sepsis. However, most of the research on the risk factors of
septic cardiomyopathy focuses on LV dysfunction cardiomyopathy, with studies on RV dysfunction being extremely rare.
Even more scarce is research that separately investigates the prognosis and influencing factors of LV diastolic dysfunc-
tion, LV systolic dysfunction, and RV systolic dysfunction within the same study. Early identification of the influencing
factors of different septic cardiomyopathies and the implementation of proactive intervention measures are of immense
importance for improving cardiac function and the prognosis of patients with sepsis.
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