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Abstract

Introduction: In this study, Septic shock and sepsis are
serious medical ailments often characterized by an
abnormal host inflammatory reaction to acute and
chronic infections. Septic shock management involves
targeted treatment to control infections, reduce end-
organ damage and reverse the injury. Sepsis-induced
myocardial dysfunction and one main characteristic of
septic shock is the systemic inflammatory response
syndrome (SIRS), that is defined as an immunological
response to infection that is dysregulated.

Methods: This study is based on cross-sectional, non-
randomized, non-interventional. Department of General
Medicine, Patna Medical College, Patna, from January
2023 to June 2024. In this study, cohort included those

suffering from septic shcok and severe sepsis admitted to
the CCU. Around 50 with septic shock or sepsis were
selected for this investigation.

Result: In this study, fifty people participated 26 were
male and 24 were female. Male patients had a mean age
of 48 and female patients a mean age of 44. The average
weight of the male population was 86.2 kg, while the
average weight of the female population was 74.9 kg.
65.3% of men and 54.1% of women had diabetes
mellitus, whereas 46.1% of men and 33.3% of women
had hypertension.

Conclusion: This study highlights the prognostic
significance of diastolic dysfunction and hemodynamic
parameters in predicting death, and it offers insightful

information about the clinical and echocardiographic
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features of individuals with sepsis- associated
myocardial dysfunction.

Keywords: Myocardial Dysfunction, Septic Shock,
Ejection Fraction, Abnormalities, Cardiomyopathy
Introduction

Septic shock and sepsis are serious medical ailments
often characterized by an abnormal host inflammatory
reaction to acute and chronic infections, resulting in
organ dysfunction which might be fatal to patients.
Septic shock affects a multitude of patients on a global
scale every year, highlighting their substantial influence
on public health. Myocardial dysfunction (MD) is one of
the prevalent and clinically significant consequences that
arise from septic shock and sepsis. MD is prevalent as
well as clinically significant in this population;
indications of it are present in about 50% of septic
patients. A joint task force led by the European Society
of Intensive Care Medicine (ESICM) and the Society of
Critical Care Medicine (SCCM) in 2016 defined sepsis
to be a severe illness in which an uncontrollably high
immune reaction arising due to infection results in organ
dysfunction which could be fatal. An advanced stage of
this illness called severe sepsis is characterized by
further organ failure or tissue hypoperfusion. Severe
sepsis is defined by a number of signs, including
hypotension brought on by sepsis, increased lactate
levels, decreased urine production, acute injury to the
lungs, and anomalies in the kidney functions, liver,
platelets, and coagulation. The hallmark of septic shock,
a crucial subtype of sepsis, is ongoing hypotension that
persists after appropriate fluid replacement. One main
characteristic of septic shock is the systemic
inflammatory response syndrome (SIRS), that is defined
as an immunological response to infection that is

dysregulated. A circulatory problem leads to the
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development of septic shock, which first manifests as a
hyper dynamic state with lowering of peripheral vascular
resistance and increased cardiac output. But this leads to
a hypodynamic phase that eventually results in organ
failure, reduced cardiac output, and inadequate tissue
perfusion. Myocardial dysfunction (MD) presents a
significant problem in the context of sepsis because of
its propensity to raise mortality rates and contribute to
multi-organ failure. Being a vital part of the circulatory
system, the heart is especially vulnerable to the negative
consequences of dysregulation brought on by sepsis.
Reduced ejection fraction (EF), compromised diastolic
dysfunction and contractility are the hallmarks of MD in
sepsis, and they can all have a substantial influence on
cardiac function and patient prognosis. Differentiating
the direct effects of septic shock on the heart and other
difficult,
diagnosing MD in septic patients particularly difficult.

hemodynamic abnormalities is making
However, for assessing myocardial function in this
population, transthoracic echocardiography (TTE) has
become a useful noninvasive technique. TTE makes it
possible to evaluate both diastolic and systolic
dysfunction and to find anatomical anomalies like
ventricular dilatation. Although TTE is useful for
identifying MD in sepsis, there are still issues with its
interpretation and its

prognostic  consequences.

Furthermore, even  though  sepsis- induced
cardiomyopathy (SICM) is known to be a reversible
consequence, more research is needed to determine its
exact etiology and clinical importance. In light of this,
the current investigation attempts to examine the early
prevalence rates of the cardiac malfunctioning of the left
and right ventricle in those diagnosed with severe septic

shock and sepsis utilizing tissue Doppler imaging

indices and standard echocardiography-based measures. ¢\
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By using extensive echocardiographic evaluations, the
goal is to measure the degree of MD and its correlation
with indicators of inflammation and endothelial
dysfunction. In addition, this investigation intends to
clarify the influence of MD on intrahospital mortality,
offering important information about its function as a
predictive marker in patients having sepsis. Furthermore,
the present work is expected to add to the existing body
of literature of MD in septic shock and sepsis by
examining the connections between myocardial function,
inflammatory markers, and patient outcomes. This will
ultimately influence clinical management options and
enhance patient care.
Aim: The present investigation aims to examine the
incidence as well as range of myocardial dysfunction in
individuals with septic shock as well as sepsis. It also
plans to investigate the effects of several therapy
approaches meant to treat cardiac abnormalities in this
particular patient cohort.

Objective: This work aims to:

e Establish the incidence rates and features of cardiac
failure by means of thorough echocardiographic
evaluations.

e Determine whether individuals with septic shock and
severe sepsis have changes in their diastolic
function, ejection fraction, or cardiac contractility.

e Assess the outcome of different treatment
approaches, such as medication and fluid control
techniques, intended to treat heart failure.

e Examine how different treatment approaches affect
patient outcomes, such as hospital stay duration and
death rates.

Materials and Method

Type of study: Cross-sectional, non-randomized, non-

interventional hospital-based study.

©2024, IIMACR

Design of study: Prospective open-label study.

Place of study: CCU, Department of General Medicine,

Patna Medical College, Patna.

Duration of study: 1 year from January 2023 to June

2024.

Study population: The study cohort included those

suffering from septic shock and severe sepsis admitted to

the CCU.

Sample size: Around 50 with septic shock or sepsis

were selected for this investigation.

Source of data: Data will be collected from patient

interviews, clinical examinations, and medical records.

Inclusion criteria

» People between 18 to 50 years of age were included
in this study

» Criteria for Sepsis:

e Quick sepsis-related organ failure assessment
(qSOFA) score> 2, which takes into account changes
in mental state, systolic blood pressure < 100
mmHg, and respiration rate > 22/min, indicates a
possible infection.

e Acute changes in the sepsis-related organ failure

(SOFA) variables,

parameters such as the PaO2/FiO2 ratio < 300,

assessment which include
Glasgow Coma Scale score < 15, serum creatinine >
1.2 mg/dl or urine output < 0.5 ml/kg, serum
bilirubin > 1.2 mg/dl, platelet count < 150 X 103 /pl,
indicate organ dysfunction, and mean arterial blood
pressure (MAP) < 70 mmHg,

» Criteria for Septic Shock:

e Chronic low blood pressure requiring vasopressors
to maintain MAP > 65 mmHg.

e Despite adequate molecular resuscitation, the treat

Serum lactate level > 2 mmol/L despite adequate

volume resuscitation.
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Patients whose parents or who themselves did not
attain the written informed consent and were
therefore not a part of the study. Patients informed
consent obtained from each patient or their next of

kin.

Exclusion criteria

Individuals suffering from primary cardio-vascular
diseases including arrhythmias, acute or chronic cor-
pulmonale due to any cause.

Patients with severe anaemia or severe hypoxemia.
Individuals with  known

pre-existing thyroid

dysfunction or thyrotoxicosis, myopathy, or
pulmonary vascular disorders.

Individuals who have known metabolic disorders of
nutritional origin like beri-beri.

Women who were pregnant were also excluded from

this research.

Statistical analysis

SPSS version 26 was used for statistically analyzing
the collected information.

Using the Kolmogorov-Smirnov test, the normality
of the information was evaluated, consequent to
which each variable was found to have a normal
distribution.

While qualitative factors were reported as frequency
and percentage (%) and examined using the chi-
square test, quantitative data were presented as mean
and standard deviation (SD) and compared using the
paired t-test.

To compare group survival, Kaplan-Meier survival
analysis was employed, and independent factors
would be found using the logistic regression
analysis.

A significant p-value of p < 0.05 was established.

©2024, IIMACR

Result

Table 1: Patient demographics (N=50):

Male Female
Total count 26 24
Age (mean % std deviation) 48 £5 44 £ 7
Weight in kg (Mean + std [86.2 + 7.2 749+3.38
deviation)
Hypertension (%) 12 (46.1 %) |8 (33.3 %)

Graph 1: Patient Distribution Based On Gender
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Table 2: Biological parameters in patients (N= 50):

Normal Myocardiac
myocardiac dysfunction
function (n=21) ((n=29)
Lactate (mmol/L), 1.6+1.3 2.8+1.6
median (mean * sd)
Troponin T (ng/mL), {0.05 = 0.06 0.10+ 0.08
median (mean * sd)
PaO2/Fi02 (mm Hg),[208 + 120 148 + 155
median (mean + sd)
Creatinine (mg/dL), [1.6+1.2 1915
median (mean + sd)

301

Page



Dr. Sanjeev Kumar, et al. International Journal of Medical Sciences and Advanced Clinical Research (IJMACR)

Graph 2: Patient Distribution Based on Cardiac Function
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Table 3: Echocardiographic assessments of patients

Normal Myocardiac
myocardiac
function (n =21)

dysfunction (n = 29)

LVDD (mm), mean (44.1+4.7 41.7£12.6
+ SD
LVSD (mm), mean [31.7+5.2 24.9+12.1
+ SD
CO (L/min), mean [6.31+1.21 7.01+£1.33
+SD

Graph 3: Echocardiographic Parameters in Patients
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Table 4: Echocardiographic assessments of patients

Normal myocardiacMyocardiac
function (n=21) |dysfunction(n = 29)

LVEF (%), (52.6+13 56.4+16
mean = SD
[E/e’, mean £ SD [12.3+6 14.3+8

©2024, IIMACR

Graph 4: Echocardiographic Parameters in Patients
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Table 5: Comparison of echocardiographic parameters in

myocardiac dysfunction patients (N = 29):

15tday [39day |7 day

Ejection  fractionNormal 7 (25%) [21(73%) [27(95%)

(%) Impaired  [22 (75%) |8(27%) |2 (5%)
Tricuspid Normal 9 (30%) [25(86%) [26(91%)
annular  systolic |(>1.6 cm)

excursion Impaired 20 (70%) |4(14%) [3 (9%)

(TAPSE incm)  |(<1.6 cm)

Inferior vena Normal 17 (58%) [25 (87%) [28(97%)
cava (IVCin (1.5 to 2.5
cm)

Graph 5: Comparison of Echocardiographic Parameters
in Myocardiac Dysfunction Patients
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Table 6: Diastolic dysfunction seen in myocardiac
dysfunction patients (N = 29):

15 day 3dday |7 day

Diastolic Normal |0 (0%) 3(9%) 5 (18%)

function Impaired [29(100%) |26 (91%) [24 (82%)

302

Page



Dr. Sanjeev Kumar, et al. International Journal of Medical Sciences and Advanced Clinical Research (IJIMACR)

Diastolic [ 0(32%)  [13 (49%) [12 (48%)
dysfunction I 20 (68%) [13 (51%) [12 (52%)
grade

Graph 6:

Table 7: Comparison of the surviving and mortality

group on

the 7th day on the

electrocardiographic parameters:

basis of the

Table 8: Comparison of Diastolic dysfunction seen in

surviving and mortality group:

Surviving groupMortality

(n =30) group (n=20)
Diastolic Normal 5 (16%) 1 (5%)
function Impaired 25 (84%) 19 (95%)
Diastolic [ 11 (46%)  [11 (60%)
dysfunction Tl 14 (54%) 6 (28%)
grade I 0 (0%) 2 (12%)

Surviving

group (n =30)

Mortality
group (n =20)

Ejection fraction  [Normal 23 (78%) 16 (81%)
(%) Impaired  [7 (22%) 4 (29%)
Tricuspid  annularNormal (> |22 (72%) 15 (77%)
systolic excursion  [1.6 cm)
(TAPSE in cm) Impaired 8 (28%) 5 (23%)
(<1.6 cm)
Inferior vena cavalNormal (1.5 [20 (67%) 14 (72%)
(IVC incm) to 2.5 cm)
Collapsed |10 (33%) 6 (28%)
(<1.5cm)

Graph 7: Comparison electrocardiographic parameters

between the surviving andmortality group on the 7th day

©2024, IIMACR

Graph 8: Comparison of Diastolic Dysfunction Seen in
Surviving and Mortality Group
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Discussion

The study was initiated to address the critical need for
understanding myocardial dysfunction in patients with
septic shock and severe sepsis on account of its impact
on patient outcomes. Systemic inflammation and
hypotension are hallmarks of the severe illness known as
"septic shock," which frequently leads to organ failure
and death. One common consequence of sepsis that
significantly raises morbidity and death rates is
myocardial dysfunction. For this reason, it is essential to
look into the wunderlying processes and clinical
implications of cardiac dysfunction in this setting in
order to enhance treatment outcomes and management.
It is important to comprehend the biology and etiology

of cardiac dysfunction in sepsis to direct therapeutic

approaches and enhance patient care. The study intends ¢yy

to uncover possible targets for intervention and C?)
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management techniques by clarifying the mechanisms
behind
cardiomyopathy, inflammatory responses, and changes

cardiac failure, such as sepsis-induced
in cellular signaling networks. This information can
guide the creation of customized treatment plans meant
to lessen heart failure and enhance patient outcomes.
Furthermore, the study aims to examine the diagnostic
and prognostic implications of different cardiac
measures, including echocardiographic findings and find
predictive markers to identify the severity of the disease
and prognosis in individuals with severe sepsis and
septic shock by connecting these measures with clinical
outcomes. Clinicians can use this information to help
with risk assessment and to make decisions about patient
care and resource allocation. Additionally, the study
attempts to evaluate how well various treatment
interventions—such as inotropic support, vasopressor
and fluid

outcomes and myocardial function. The study seeks to

therapy, resuscitation—improve patient
provide evidence-based recommendations for managing
myocardial failure in septic patients by assessing the
effects of different interventions on hemodynamic
parameters, organ function, and survival rates. In clinical
practice, this can help enhance treatment plans and
enhance patient results. Additionally, the study intends
to close any gaps in the literature that may exist about
the prevalence, clinical features, and results of
myocardial dysfunction in patients with septic shock.
This project intends to produce important insights into
the epidemiology and clinical implications of cardiac
dysfunction in this patient population by undertaking a
thorough review of patient data and outcomes. The
focused clinical

creation  of therapies  and

recommendations for the treatment of cardiac

dysfunction in sepsis patients can benefit from this

©2024, IIMACR

information. Overall, by examining the genesis, clinical
relevance, and therapy of myocardial failure in patient’s
septic shock, this work fills a vital gap in the field of
critical care medicine. The goal of the study is to better
understand this complicated condition in order to
improve clinical outcomes, lower the morbidity and
death rate related to severe sepsis and septic shock, and
ultimately improve patient care.

Strengths of the Study

e Comprehensive Assessment: The research examined
a group of critically ill patients admitted to the ICU
for septic shock and evaluated their
echocardiographic data, haemodynamic variables,
and outcome clinically. Based on the evaluation of
various parameters such as heart rate, mean arterial
pressure, and diastolic function among others, this
study offers a comprehensive understanding of the
patients' cardiac status and haemodynamic profile.

e Longitudinal Analysis: By tracking changes in
hemodynamic and echocardiographic measures over
time, particularly on the 1st, 3rd, and 7th days of the
patients' ICU stay, the study used a longitudinal
methodology. Through the study of dynamic
changes in heart function and hemodynamics during
sepsis or septic shock, this longitudinal research
offers important insights into the development and
resolution of myocardial dysfunction in these
critically ill patients.

e Clinical Relevance: The study's results directly
relate to clinical practice since they show that
diastolic dysfunction is a strong indicator of death in
patients in the intensive care unit who are septic. The
study helps with risk assessment and guides
therapeutic decision-making for managing and

treating septic patients by demonstrating the
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predictive importance of diastolic dysfunction and
These

realizations may result in better patient outcomes

other echocardiographic characteristics.
and more efficient use of resources in the ICU.

Limitations of the Study

e Sample Size and Generalizability: The study's
extremely small sample size could be one of its
limitations, which could have an impact on how well
the results apply to larger patient populations. The
study's sample size might not be sufficient to capture
the wide vrange of comorbidities, clinical

presentations, and patient demographics that are

prevalent in septic patients across various healthcare

environments. As a result, not all septic patients may

benefit from the findings, and care should be taken

when extending the findings to broader
demographics.

o Single-Center Design: The study's single-center
design is another drawback, as it raises the
possibility of institutional biases and reduces the
findings' external validity. Variability in patient
demographics, management procedures, and clinical
practices among various healthcare facilities may
affect how repeatable and broadly applicable the
study's findings are. To confirm the results and
strengthen the conclusions' resilience, multi-center
investigations including a range of patient
demographics are required.

o Retrospective Nature and Potential Confounders:
The study's retrospective approach may have built-in
drawbacks, such as the need for data collecting from
medical records and the potential for missing or
insufficient data. Furthermore, the research could be
influenced by confounding factors such variations in

baseline features, concurrent treatments, and the

©2024, IIMACR

severity of the illness that were not taken into
consideration throughout the analysis. The accuracy
and dependability of the study's conclusions could
be impacted if these possible confounders are not
taken into account. To eliminate biases and
corroborate the observed relationships, prospective
studies with strict data collection techniques and
thorough correction for confounding factors are
required.
Conclusion
This study highlights the prognostic significance of
diastolic dysfunction and hemodynamic parameters in
predicting death, and it offers insightful information
about the clinical and echocardiographic features of
individuals with  sepsis- associated myocardial
dysfunction. Notwithstanding various constraints, such
as sample size and retrospective design, the results
highlight  the

dysfunction in sepsis and the necessity of more

complex character of myocardial

investigation to clarify its fundamental causes and best

practices. These discoveries could potentially lead to

better risk assessment, early identification, and focused

therapies meant to lessen the negative effects of cardiac

failure on patient outcomes in the setting of sepsis and

septic shock.

References

1. Flierl M.A., Rittirsch D., Huber-Lang M.S., Sarma
JV., Ward P.A. Molecular
cardiomyopathy of sepsis. Mol Med. 2008;14(5-
6):327— 336.

2. Hochstadt A., Meroz Y., Landesberg G. Myocardial

dysfunction in severe sepsis and septic shock: more

events in the

questions than answers? J Cardiothorac Vasc
Anesth. 2011;25(3):526-535.

305

Page



Dr. Sanjeev Kumar, et al. International Journal of Medical Sciences and Advanced Clinical Research (IJMACR)

3.

10.

11.

Lv X, Wang H. Pathophysiology of sepsis-induced
myocardial dysfunction. Mil Med Res. 2016;3:30-8.
Drosatos K, Lymperopoulos A, Kennel PJ, PollakN,
Schulze PC, Goldberg 1J. Pathophysiology of sepsis-
related cardiac dysfunction: driven by inflammation,
energy mismanagement, or both? Curr Heart Fail
Rep. 2015;12:130- 40

Sato R, Nasu M. A review of sepsis-induced
cardiomyopathy. J Intensive Care. 2015;3:48-57.
Comstedt, P., Storgaard, M., & Lassen, A. T. (2009).
The Systemic Inflammatory Response Syndrome
(SIRS) in acutely hospitalised medical patients: a
cohort study. Scandinavian journal of trauma,
resuscitation and emergency medicine, 17, 67.
Hochstadt A, Meroz Y, Landesberg G. Myocardial
dysfunction in severe sepsis and septic shock: more
guestions than answers? J Vasc Surg. 2011;25:526-
35.

L'Heureux, M., Sternberg, M., Brath, L., Turlington,
J., & Kashiouris, M. G. (2020). Sepsis-Induced
Cardiomyopathy: a Comprehensive Review. Current
cardiology reports, 22(5), 35.

Pulido JN, Afessa B, Masaki M, Yuasa T, Gillespie
S, Herasevich V, Brown DR, Oh JK. Clinical
spectrum, frequency, and significance of myocardial
dysfunction in severe sepsis and septic shock. Mayo
Clin Proc. 2012 Jul;87(7):620- 8.

Basu S, Frank LH, Fenton K, Sable C, Levy RJ,
Berger J. Two-dimensional speckle tracking imaging
detects impaired myocardial performance in children
with septic shock, not recognized by conventional
echocardiography. Pediatric Critical Care Medicine.
2012 May 1;13(3):259-64.

Zaky, Ahmed., Deem, Steven., Bendjelid, Karim.,

Treggiari, Miriam M. Characterization of Cardiac

©2024, IIMACR

12.

13.

14.

15.

16.

17.

18.

Dysfunction in Sepsis: An Ongoing Challenge.
Shock 41(1):p 12-24, January 2014.

Chang, WT., Lee, WH., Lee, WT. et al. Left
ventricular ~ global  longitudinal ~ strain s
independently associated with mortality in septic
shock patients. Intensive Care Med 41, 1791-1799
(2015).

Landesberg G, Levin PD, Gilon D, Goodman S,
Georgieva M, Weissman C, Jaffe AS, Sprung CL,
Barak V. Myocardial Dysfunction in Severe Sepsis
Shock:  No Correlation  With
Inflammatory Cytokines in Real-life Clinical
Setting. Chest. 2015 Jul;148(1):93-102.

Shahul S, Gulati G, Hacker MR, Mahmood F,
R, Nizamuddin J,
in Septic Shock: A
Speckle-Tracking Study.
Anesthesia & Analgesia. 2015;121(6):1547-54.

Yi M, Yao G, Guo X. [Value of pulse indicator

continuous cardiac output monitoring of cardiac

and  Septic

Canelli et al. Detection of

Myocardial Dysfunction

Echocardiography

function in septic shock patients: a prospective
study]. Zhonghua wei Zhong Bing ji jiu yi xue. 2015
Jan;27(1):22-27.

Kakihana Y, Ito T, Nakahara M, Yamaguchi K,
Yasuda T. Sepsis-induced myocardial dysfunction:
pathophysiology and management. J Intensive Care.
2016 Mar 23;4:22. doi: 10.1186/s40560-016-0148-1.
Neri M, Riezzo |, Pomara C, Schiavone S, Turillazzi
E. Oxidative- Nitrosative Stress and Myocardial
Dysfunctions in Sepsis: Evidence from the Literature
and Postmortem Observations. Mediators of
Inflammation;2016:1-12.

Ng PY, Sin WC, Ng AK, Chan WM. Speckle

tracking echocardiography in patients with septic

306

Page



Dr. Sanjeev Kumar, et al. International Journal of Medical Sciences and Advanced Clinical Research (IJMACR)

19.

20.

21.

22.

23.

24,

25.

26.

shock: a case control study (SPECKSS). Crit Care.
2016 May 14;20(1):145.

Suzuki, T., Suzuki, Y., Okuda, J. et al. Sepsis-
induced cardiac dysfunction and [-adrenergic
blockade therapy for sepsis. j intensive care 5, 22
(2017).

Vallabhajosyula, S., Kumar, M., Pandompatam, G.
et al. Prognostic impact of isolated right ventricular
dysfunction in sepsis and septic shock: an 8-year
historical cohort study. Ann. Intensive Care 7, 94
(2017).

Rolando G, Espinoza EDV, Avid E, Welsh S, Pozo
JD, Vazquez AR, et al. Prognostic value of
ventricular diastolic dysfunction in patients with
severe sepsis and septic shock. Rev Bras Ter
Intensiva. 2015;27:333-9.

Sanfilippo F, Corredor C, Fletcher N, LandesbergG,
Benedetto U, Foex P, et al. Diastolic dysfunction
and mortality in septic patients: a systematic review
and  meta-analysis.  Intensive  Care  Med.
2015;41:1004-13.

Patil VC, Patil HV, Rajput A, Rao SS, Shetye JN.
Relation of echocardiographic parameters to
outcome of patients with severe sepsis and septic
shock. J Cardiovasc Dis Res. 2017;8:6-15.
Vieillard-Baron A, Caille V, Charron C, Belliard G,
Page B, Jardin FJCcm. Actual incidence of global
left ventricular hypokinesia in adult septic shock.
Crit Care Med. 2008;36:1701-6
Sturgess DJ, Marwick TH,
M, Venkatesh B. Tissue Doppler in critical illness: a

Crit Care Med.

Joyce CJ, Jones

retrospective  cohort
2007;11:R97.

Brown SM, Pittman JE, Hirshberg EL, Jones JP,
Lanspa MJ, Kuttler KG, et al. Diastolic dysfunction

study.

©2024, IIMACR

27.

28.

29.

30.

and mortality in early severe sepsis and septicshock:
a prospective, observational echocardiography study.
Crit Ultrasound J. 2012;4:8-16.

BouhemadB, Nicolas-Robin A, Arbelot C, Arthaud
M, Féger F, Rouby J-J. Isolated and reversible
impairment of ventricular relaxation in patients with
septic shock. Crit Care Med. 2008;36:766-74.
Gonzalez C, Begot E, Dalmay F, Pichon N, Francois
B, Fedou AL, et al. Prognostic impact of left
ventricular diastolic function in patients with septic
shock. Ann Intensive Care. 2016; 6:36.

Weng L, Liu YT, Du B, Zhou JF, Guo XX, Peng
JM, et al. The prognostic value of left ventricular

systolic function measured by tissue Doppler

imaging in septic shock. Crit Care Med.
2012;16:R71

Etchecopar-Chevreuil C, Frangois B, Clavel M,
Pichon N, Gastinne H, Vignon P. Cardiac

morphological and functional changes during early
septic shock: a transesophageal echocardiographic
study. Intensive Care Med. 2008;34:250-6.

307

Page



