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ABSTRACT

Introduction: Hemodynamic monitoring is crucial in managing patients
with septic shock. While echocardiography has been increasingly utilized
to assess volume status and cardiac function, its impact on patient
prognosis remains uncertain. This study aimed to evaluate the effect of

echocardiography on outcomes in patients with septic shock.

Methods: This retrospective study utilized data from the Electronic Medical
Record system. Septic shock patients were divided into two groups based
on echocardiography usage during the onset of septic shock. The primary
outcome was 14-day mortality. Secondary outcomes included inotrope use,
ventilation-free and norepinephrine-free days, and fluid input. Propensity
score matching was employed to reduce baseline differences between
groups.

Results: Among the 25 eligible patients, 12 underwent echocardiography
evaluation (Echo group), while 13 did not (Control group). The Echo group
had a 14-day mortality rate of 33.3% compared to 38.5% in the Control
group (P=0.85). Inotrope use was higher in the Echo group (33.3% vs 7.7%,
P=0.15). No significant differences were observed in other secondary
outcomes. Survival analysis indicated improved 14-day mortality with the
use of echocardiography (hazard ratio: 0.83; 95% confidence interval,
0.73-0.95, P=0.005).

Conclusions: Echocardiography use was associated with improved 14-day
outcomes in septic shock patients, supporting its use in early hemodynamic

assessment.
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Introduction

Septic shock remains one of the most pressing
concerns in intensive care units (ICUs) globally due
to its high mortality rate, which can reach as high
as 50% depending on patient demographics and
healthcare settings. Even with advances in diagnostic
and therapeutic interventions, septic shock continues
to challenge clinicians and contribute significantly
to ICU mortality. Defined as a subset of sepsis, septic
shock is characterized by persistent hypotension
requiring vasopressor support to maintain mean
arterial pressure and elevated lactate levels despite
adequate fluid resuscitation.”? While treatments
have improved over the years, mortality rates remain
stubbornly high, making effective hemodynamic
monitoring a critical aspect of managing this
condition.

Effective management of septic shock requires a
multifaceted approach, which includes early fluid
resuscitation, vasopressor administration, and timely
identification and control of the underlying infection.34
Hemodynamic monitoring is essential in guiding
these therapeutic interventions. The goal is to
optimize cardiac output, ensure adequate tissue
perfusion, and prevent multi-organ failure.® However,
choosing the most appropriate tool for hemodynamic
assessment has proven to be a subject of ongoing
debate. Central venous pressure (CVP) was historically
the most common metric used to estimate a patient’s
volume status, but recent studies have shown that
CVP is a poor predictor of fluid responsiveness. Its
use as a reliable guide for fluid resuscitation is now
widely questioned.® Other more advanced and
invasive techniques, such as the pulmonary artery
catheter (PAC) and pulse index continuous cardiac
output (PiICCO), have been introduced to provide
more comprehensive data, including preload,
afterload, and cardiac output. However, the
complexity, risks, and unclear benefits associated
with these invasive tools have contributed to their

declining usage in clinical practice.’

The PAC, once a comerstone of critical care medicine,

has seen decreased use in the past decade. While

PAC provides valuable data on cardiac output and
pulmonary pressures, it carries several risks, including
infection, arrhythmias, and pulmonary artery rupture.
Additionally, studies have shown that PAC does
not improve patient outcomes and, in some cases,
may even increase mortality.® PICCO, which uses
transpulmonary thermodilution to assess cardiac
output, preload, and extravascular lung water, offers
a more comprehensive hemodynamic profile than
CVP but has not been shown to improve outcomes
in septic shock when compared to CVP-based

management.’

In light of these limitations, echocardiography has
emerged as a valuable tool in the hemodynamic
assessment and management of critically ill patients,
particularly those with septic shock. Echocardiography,
specifically transthoracic echocardiography (TTE),
offers several advantages over traditional invasive
monitoring methods. It provides real-time, non-
invasive evaluation of cardiac function and volume
status and can be performed repeatedly at the
bedside without exposing patients to the risks
associated with invasive catheters.’® Unlike CVP,
PAC, and PiCCO, echocardiography offers dynamic
information about the heart’s performance, making
it especially useful for identifying the type of shock
(e.g., cardiogenic, hypovolemic, or distributive), which
is critical for tailoring therapeutic interventions.™

Recent guidelines, such as those from the Surviving
Sepsis Campaign (SSC), recommend the use of
echocardiography as a first-line hemodynamic
assessment tool in patients with septic shock. The
ability of echocardiography to provide real-time
insights into cardiac function, preload, afterload, and
contractility enables clinicians to make more informed
decisions regarding fluid resuscitation, vasopressor
therapy, and the need for inotropic support.*® In
septic shock, where hemodynamic instability is
common, timely and accurate assessment of the
patient’s cardiovascular status is crucial for guiding
therapeutic decisions aimed at restoring adequate
tissue perfusion and preventing organ dysfunction.’?"
The ability of echocardiography to rapidly differentiate
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between different types of shock allows for more
targeted and effective therapeutic interventions,
potentially improving patient outcomes.™

Despite the potential advantages of echocardiography
in managing septic shock, there is limited empirical
evidence assessing its impact on patient outcomes.
Most studies on echocardiography in septic shock
have been observational or retrospective in nature,
leaving a gap in the literature regarding the effect
of echocardiography on clinically significant outcomes
such as mortality.” A study analyzing the MIMIC-II|
database found that the use of echocardiography
in septic patients was associated with a reduction
in mortality, suggesting that real-time hemodynamic
data from echocardiography may expedite and
refine treatment decisions, ultimately improving
patient outcomes.”"" However, randomized
controlled trials are needed to better define the

role of echocardiography in this context.

This study aims to address this gap by evaluating
the impact of echocardiography on 14-day mortality
and other clinically relevant outcomes in patients with
septic shock at a private hospital in Bahrain. Given
the advantages of echocardiography in guiding
hemodynamic interventions, we hypothesize that
its use during septic shock may be associated with
improved outcomes, particularly decreased mortality.
This study will contribute to the growing body of
evidence supporting the use of echocardiography
as a critical tool in the management of septic shock
and may provide further justification for its widespread
adoption in ICUs. By providing real-time, detailed
hemodynamic data, echocardiography has the
potential to expedite diagnosis, guide more precise
treatment decisions, and improve the survival of

patients suffering from septic shock. '

Methods

DATA SOURCE

This retrospective study used data from the EMR
database at a general hospital in Kingdom of Bahrain.
The database includes information from critically ill
patients admitted to the hospital from January 2024

to June 2024. Given the small sample size and the
presentation of median and interquartile range (IQR),
a Wilcoxon rank-sum test was used to compare
these continuous variables between the groups.
Institutional Review Board approval received and
informed consent was waived since patient data

were de-identified.

STUDY POPULATION AND DEFINITIONS

Septic shock patients were identified using Sequential
Organ Failure Assessment (SOFA) criteria and included
those who received norepinephrine within 24 hours
after ICU admission. Patients undergoing transthoracic
echocardiography within 24 hours of septic shock
onset were classified into the Echo group, while those
not undergoing echocardiography were classified
into the No Echo group. Baseline characteristics and
SOFA scores were calculated.

OUTCOMES
The primary outcome was 14-day mortality.
included

inotrope administration, norepinephrine-free days,

Secondary  outcomes transfusion,
ventilation-free days within 14 days, and the
amount of fluid received within 72 hours of being
admitted to the Intensive Care Unit (ICU) with

septic shock.

Statistical Analysis

Table 1 shows the baseline characteristics compared
between groups after propensity score matching
(PSM). Post-matching, baseline variables were
comparable between the groups. Of the 25 septic
shock patients included in the study, 12 (39.2%)
underwent echocardiography within 24 hours of
ICU admission with septic shock. Before PSM,
significant differences existed between the Echo
group and the control group in terms of gender,
weight, admission type, SOFA score, congestive
heart failure, positive blood culture rate, and
mechanical ventilation usage. Post-matching, these
imbalances were significantly reduced, making

baseline variables comparable between the groups.

The effect of echocardiography was expressed as a
hazard ratio (HR) with a 95% confidence interval (Cl).
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Kaplan-Meier curves were depicted and compared
using the log-rank test.

All analyses were performed using R, a free
software for statistical computing and graphics

(http://www.r-project.org/). A P value less than

0.05 was considered statistically significant for both
primary and secondary outcomes.

Table 1: Baseline Characteristics

Characteristic

Age (years), median (IQR)

Gender (Male), n (%)

Weight (kg), median (IQR)
Admission type (Emergency), n (%)
SOFA score, median (IQR)
Congestive Heart Failure, n (%)
Renal Failure, n (%)

Blood culture positive, n (%)
Mechanical Ventilation, n (%)

Diabetes Mellitus, n (%)

Outcome Comparisons

Table (2)

After matching, the 14-day mortality rate was 33.3%
in the Echo group, compared to 38.5% in the Control
group (P=0.85). The Echo group also had higher

Echo (n=12) Control (n=13) P Value
65 (53-76) 65 (53-76) 0.99
7 (58.3%) 8 (61.5%) 0.99
75 (64-90) 75 (64-90) 0.93
10 (83.3%) 11 (84.6%) 0.99
(7-11) 9 (7-11) 0.99
(33.3%) 3(23.1%) 0.99
(66.7%) 9 (69.2%) 0.99
(41.7%) 6 (46.2%) 0.99
(41.7%) 5 (38.5%) 0.99
(58.3%) 8 (61.5%) 0.99

inotrope use (33.3% vs. 7.7%, P=0.15). No significant

differences were observed in transfusions,
norepinephrine durations, or mechanical ventilation
durations. A trend indicated that Echo group patients
received more fluid resuscitation, though this was

not statistically significant.

Table 2: Comparison of Outcomes Between Groups

Outcome

14-day Mortality, n (%)

Transfusion, n (%)

Inotrope use, n (%)

Norepinephrine-free days, median (IQR)
Ventilation-free days, median (IQR)

Fluid intake within 24 hours, L, median (IQR)

Primary Analysis:

Survival analysis revealed that echocardiography
was associated with improved 14-day mortality
(HR: 0.83; 95% ClI: 0.73-0.95, P=0.005). Sensitivity

analyses confirmed these findings, including when

Echo (h=12) Control (h=13) P Value
4 (33.3%) 5 (38.5%) 0.85
3 (25.0%) 2 (15.4%) 0.60
4 (33.3%) 1(7.7%) 0.15
13 (9-19) 12 (8-18) 0.35
18 (12-22) 17 (11-22) 0.40
8.1 (6.0-11.0) 7.7 (5.9-10.8) 0.45

patients with multiple echocardiography sessions
were excluded (HR: 0.82; 95% CIl: 0.72-0.94,
P=0.004)
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Discussion

The results of our study underscore the association
between early echocardiography use and improved
survival in septic shock patients. Utilization of
echocardiography within the first 24 hours of septic
shock was significantly linked to a decreased 14-day
mortality (HR: 0.83, P=0.005), a finding that aligns
with prior reports highlighting its impact on septic
shock management.' In the USA, sepsis accounts for
approximately 12% of all ICU admissions, with septic
shock mortality ranging from 40-60%." Despite
advances in early goal-directed therapy, broad-
spectrum antimicrobials, and SSC bundles, septic

shock mortality remains high.™

Early fluid resuscitation remains a cornerstone of
septic shock management, aimed at restoring tissue
perfusion.' ™ While various tools like central venous
pressure (CVP), pulmonary artery catheters (PAC),
and pulse contour cardiac output (PICCO) monitoring
systems are commonly employed, their utility in
predicting fluid responsiveness and improving
outcomes has been debated. CVP has been shown
to have limited predictive value when within normal
ranges (8-12 mmHg), making it less reliable as a
sole guide for fluid resuscitation.”” Moreover, PAC
and PiCCO, despite offering comprehensive
hemodynamic data, have not been associated with
reduced mortality and are linked to complications.?>
24 In fact, the SSC 2016 guidelines advised against
routine PAC use in sepsis-induced acute respiratory
distress syndrome (ARDS)."*"™ This underlines the
importance of not only using advanced monitoring
tools but also effectively interpreting their data to

guide therapeutic decisions.

Echocardiography, on the other hand, has
demonstrated its value in sepsis management. By
providing a real-time, non-invasive assessment of
cardiac function and volume status, it enables more
precise hemodynamic monitoring and fluid
resuscitation strategies. Recent studies have shown
that  echocardiography-guided = management,
including fluid and inotrope administration, leads

to active changes in patient care, improving

outcomes.?>?’ Our findings mirror these results, with
patients in the echocardiography group receiving
more fluid, norepinephrine, and inotropes, achieving
better hemodynamic stabilization. This active
management helps to reverse septic shock.?®?? It
supports the use of echocardiography as a first-line

tool in critical care settings.3?'

Furthermore, echocardiography allows for early

identification  of  sepsis-induced  myocardial
dysfunction and provides insights into myocardial
strain, contributing to a more tailored approach in
managing shock.?®3! This non-invasive tool facilitates
three key aspects of ICU care: (I) better characterization
of hemodynamic disorders, (Il) selection of optimal
therapeutic options (fluids, inotropes, ultrafiltration),
and (lll) assessment of therapeutic responses.'
Although our study demonstrated a significant
association between echocardiography and
decreased mortality, it is crucial to note that causality
cannot be confirmed due to the retrospective nature

of the studly.

Study Limitations

This study has several limitations. First, it is a

retrospective analysis from a single-center
database with a small sample size, which limits the
generalizability of the findings. Additionally, some
detailed

echocardiography measurements, were missing.

key clinical  variables, including
The retrospective nature of the study also restricted
the availability of precise septic shock onset times,
for which the initiation of norepinephrine was used
as a proxy. This limitation may affect the accuracy
of shock onset recording. Furthermore, the primary
outcome measured was 14-day mortality, without
consideration of other important outcomes, such

as long-term mortality and ICU readmission.

Conclusion

This retrospective analysis demonstrated that the
use of transthoracic echocardiography during septic
shock is associated with active management changes,
such as the initiation of inotropes, and improved
14-day outcomes. These findings underscore the

© 2024 European Society of Medicine 5



Utilization of Echocardiography During Septic Shock was Associated with a Decreased Mortality

need for a future randomized controlled trial to Disclosure of conflict of interest:

li h results. .
validate these results The authors declare that there are no conflicts of

interest related to this study.

Acknowledgments:

The authors would like to thank the staff at Royal
Bahrain Hospital for their assistance in data collection

and patient care.

Statement of ethical approval:
The study received approval from the Ethical

Committee at the hospital.

© 2024 European Society of Medicine 6



References:
1. Mayo PH, Vieillard-Baron A. International
consensus statement on training standards for

advanced critical care echocardiography. Intensive
Care Med. 2014; 40:654-66.

2. Howell MD, Davis AM. Management of
Sepsis and Septic Shock. JAMA. 2017; 317:847-848.

3. Liu V, Escobar GJ, Greene JD, et al. Hospital
deaths in patients with sepsis from 2 independent
cohorts. JAMA. 2014 312:90-92.

4. Cecconi M, De Backer D, Antonelli M, et al.
Consensus on circulatory shock and hemodynamic
monitoring. Intensive Care Med. 2014; 40:1795-815.

5. Rhodes A, Evans LE, Alhazzani W, et al.
Surviving Sepsis Campaign: International Guidelines
for Management of Sepsis and Septic Shock: 2016.
Intensive Care Med. 2017; 43:304-377.

6. Singer M, Deutschman CS, Seymour CW, et
al. The Third International Consensus Definitions
for Sepsis and Septic Shock (Sepsis-3). JAMA. 2016;
315:801-10.

7. Zhang Z, Ni H, Qian Z. Effectiveness of
treatment based on PiCCO parameters in critically
ill patients with septic shock. Intensive Care Med.
2015; 41:444-451.

8. Johnson A, Mohajer-Esfahani M. Exploring
hemodynamics: a review of current and emerging
noninvasive monitoring techniques. Crit Care Nurs
Clin North Am. 2014; 26:357-375.

9. Connors AF Jr, Speroﬁ T, Dawson NV, et al.
The effectiveness of right heart catheterization in
the initial care of critically ill patients. JAMA. 1996;
276:889-897.

10. Phillips RA, Hood SG, Jacobson BM, et al.
Pulmonary Artery Catheter (PAC) Accuracy and
Efficacy Compared with Flow Probe and
Transcutaneous Doppler. Crit Care Res Pract.

2012; 2012:621496.
11. Feng M, McSparron JI, Kien DT, et al.

Transthoracic echocardiography and mortality in
sepsis: analysis of the MIMIC-IIl database. Intensive
Care Med. 2018; 44:884-892.

12. Eskesen TG, Wetterslev M, Perner A.
Systematic review including re-analyses of 1148
individual data sets of central venous pressure as a

predictor of fluid responsiveness. Intensive Care
Med 2016; 42:324-32. 10.1007/s00134-015-4168-4

13. Richard C, Warszawski J, Anguel N, et al.
Early use of the pulmonary artery catheter and
outcomes in patients with shock and acute respiratory

distress syndrome: a randomized controlled trial.
JAMA 2003; 290:2713-20. 10.1001/jama.290.20.2713

14. Rhodes A, Cusack RJ, Newman PJ, et al. A
randomised, controlled trial of the pulmonary artery
catheter in critically ill patients. Intensive Care Med
2002; 28:256-64. 10.1007/s00134-002-1206-9

15. Cecconi M, Evans L, Levy M, et al. Sepsis
and septic shock. Lancet 2018; 392:75-87.

16. Johnson AE, Pollard TJ, Shen L, et al.
MIMIC-III, a freely accessible critical care database.
Sci Data 2016: 3:160035. 10.1038/sdata.2016.35

17. Orme RM, Oram MP, McKinstry CE. Impact
of echocardiography on patient management in
the intensive care unit: an audit of district general
hospital practice. Br J Anaesth 2009; 102:340-4.

18. Rhee C, Dantes R, Epstein L, et al. Incidence
and Trends of Sepsis in US Hospitals Using Clinical
vs Claims Data, 2009-2014. JAMA 2017; 318:1241-9.

19.  Vincent JL, De Backer D. Circulatory shock.
N Engl J Med 2013; 369:1726-34

20. Litton E, Morgan M. The PiCCO monitor: a
review. Anaesth Intensive Care 2012:;40:393-409.
10.1177/0310057X1204000304

21. Shah MR, Hasselblad V, Stevenson LW, et
al. Impact of the pulmonary artery catheter in
critically ill patients: meta-analysis of randomized
clinical trials. JAMA 2005;294:1664-70. 10.1001/
jama.294.13.1664

22. Wheeler AP, Bernard GR, Thompson BT, et
al. Pulmonary artery versus central venous catheter

to guide treatment of acute lung injury. N Engl J
Med 2006; 354:2213-24.

23. Alherbish A, Priestap F, Amtfield R. The
introduction of basic critical care echocardiography

© 2024 European Society of Medicine 7



reduces the use of diagnostic echocardiography in
the intensive care unit. J Crit Care 2015; 30:1419.
e/-1419.e11.

24.  Mathru M. Transthoracic Echocardiography:
Impact on Diagnosis and Management in Tertiary
Care Intensive Care Units. Yearbook of Anesthesiology
and Pain Management 2006; 2006:154.

25. Lan P, Wang TT, Li HY, et al. Utilization of
echocardiography during septic shock was
associated with a decreased 28-day mortality: a
propensity score-matched analysis of the MIMIC-III
database. Ann Transl Med 2019; 7:662

26. Perner A, Holst LB, Haase N, et al. Common-

Sense Approach to Managing Sepsis. Crit Care Clin
2018; 34:127-38.

27. Vallabhajosyula S, Gillespie SM, Barbara
DW, et al. Impact of New-Onset Left Ventricular
Dysfunction on Outcomes in  Mechanically
Ventilated Patients With Severe Sepsis and Septic
Shock. J Intensive Care Med 2018; 33:680-6

28. Brown SM, Pittman JE, Hirshberg EL, et al.
Diastolic dysfunction and mortality in early severe
sepsis and septic shock: a prospective, observational
echocardiography study. Crit Ultrasound J 2012;
4:8.10.1186/2036-7902-4-8.

29. Alherbish A, Priestap F, Amntfield R. The
introduction of basic critical care echocardiography
reduces the use of diagnostic echocardiography in
the intensive care unit. J Crit Care 2015; 30:1419.
e7-1419.e11.10.1016/}.jcrc.2015.08.004.

30. El-Nawawy AA, Abdelmohsen AM, Hassouna
HM. Role of echocardiography in reducing shock
reversal time in pediatric septic shock: a randomized
controlled trial. J Pediatr (Rio J) 2018; 94:31-9.
10.1016/}.jped.2017.02.005.

31.  Vincent JL, De Backer D. Circulatory shock.
N Engl J Med 2013; 369:1726-34. 10.1056/NEJM
ra1208943.

© 2024 European Society of Medicine



