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Role of echocardiography in sepsis and septic shock
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Sepsis continues to be leading cause of mortality and 
morbidity during and after an intensive care unit (ICU) 
and hospital stay (1-7). Sepsis is associated with multiorgan 
failure involving respiratory, renal, neurological and hepatic 
dysfunction and injury (1,8,9). In recent times, there has 
been an increasing recognition of cardiovascular dysfunction 
in sepsis (1-15). Cardiac dysfunction in sepsis is driven 
primarily by release of cytokines, mitochondrial dysfunction, 
and tissue hypoxia that leads to cardiac myocyte injury and 
death (5). New-onset left ventricular and right ventricular 
dysfunction is seen in nearly 20–60% of all septic patients 
and is associated with worse outcomes (4,5,8,12,14). Often 
times, sepsis may complicate an alternate shock state, such 
as cardiogenic, obstructive or vasoplegic shock leading to 
worsening hemodynamic and vasopressor requirements (10).  
Historically, these patients typically required monitoring with 
a pulmonary artery catheter to aid in better understanding 
of central and calculated peripheral hemodynamics (16). 
However, the decline in the use of pulmonary artery 
catheters, the limited applicability of minimally invasive 
hemodynamic monitoring tools and the inability of markers 
of perfusion (lactate, central venous oxygen saturation) 
to differentiate shock states has led to a paucity of tools 
for measuring hemodynamic dysfunction (16,17). It is in 
this context, that echocardiography has found a niche in 
the non-cardiac ICUs. With the advent of bedside point-
of-care ultrasonography (POCUS) in the ICU, there is 
greater recognition and understanding of cardiovascular 
dynamics in sepsis and septic cardiomyopathy (18). Bedside 
echocardiography in septic shock patients can provide 

valuable information on fluid responsiveness, septic 
cardiomyopathy and may aid in changes to management 
strategies (19). 

In this issue of the Annals of Translational Medicine, Lan 
and colleagues examined the impact of echocardiography 
on the outcomes of patients who presented with septic 
shock (20). This retrospective study conducted between 
2001 to 2012, utilized data from the publicly available 
Medical Information Mart for Intensive Care-III database, 
which is a single-center database of 46,520 critically 
ill patients admitted to Beth Israel Deaconess Medical 
Center, Boston, Massachusetts (20). A total of 3,291 of 
septic shock patients were included in the study analysis 
and were then subsequently divided into those receiving 
echocardiography (N=1,291) within the first 24 hours of 
septic shock diagnosis versus otherwise (N=2,000). Using 
propensity-matched analysis for 1,289 pairs, the authors 
evaluated 28-day mortality as their primary outcome. 
Propensity matching was performed for baseline variables, 
comorbidity, Sequential Organ Failure Assessment 
(SOFA) scores, central venous pressure, and mechanical 
ventilation use. The cohort receiving echocardiography 
had lower 28-day mortality (33.2% vs. 37.7%; hazard 
ratio 0.83 (95% confidence interval, 0.73–0.95); P=0.005). 
These results were consistent in the sub-groups without 
repeat echocardiography and those receiving a pulmonary 
artery catheter. Compared to the cohort not receiving 
echocardiography, the cohort receiving echocardiography 
had higher total duration and rates of norepinephrine, 
greater use of pulmonary artery catheters and inotropes, 
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but comparable rates of minimally-invasive hemodynamic 
monitoring and transfusion requirements. 

The authors must be commended for their work 
addressing an important question. As they highlight, 
echocardiography is the ideal hemodynamic tool in critically 
ill patients with shock, septic or otherwise. However, there 
are certain limitations to this study that are worthy of 
further discussion. We have three major areas of discussion 
related to this study. 

One, the last patient in this study was enrolled in 2012. 
This was before the publication of three large randomized 
trials in 2014 and 2015 that did not show any benefit of the 
early goal-directed therapy protocol over usual care (21).  
Furthermore, the new Sepsis-III criteria, introduced 
in 2016, identify a sicker spectrum of septic patients 
compared to the Angus criteria used in this study (22). 
Echocardiography in the past decade was largely under 
the purview of cardiologists and echocardiographers, who 
may not have been practicing intensivists (23). POCUS in 
the ICU was at its inception during this study period, and 
therefore lacked standardization and documentation (23). 
Therefore, given these considerations, it is important to 
recognize that the findings of this study may have limited 
applicability to the current era. Further validation of 
these study results in a more contemporary population are 
needed to see if the improvements in outcome are related to 
overall improvements in the processes of care as compared 
to specific information that may be obtained from the 
echocardiogram.

Two, the propensity-matching design used in this study 
needs further discussion. Though the authors admirably 
tried to control for confounding using this methodology, 
it is not a substitute for randomization. One can only 
match for what is available, and therefore, it is important 
to question what is missing. For example, prior data 
have shown that the cardiovascular SOFA has limited 
discrimination for hemodynamic assessment in septic 
patients already in shock (6). As noted in their secondary 
outcomes, the echocardiography cohort had higher 
duration and rates of norepinephrine usage suggestive of 
greater severity in the cardiovascular domain. Cumulative 
quantification of vasoactive medications is crucial in 
septic pateints with cardiomyopathy as they often receive 
additional inotropes as evidenced in this study (6). Lastly, 
the authors did not account for treatment limiting decisions, 
including the involvement of palliative and hospice care 
specialists, which have significant bearing on mortality 
as an outcome. Therefore, did we truly compare cohorts 

that were free of bias and completely similar? The critical 
care literature has many such examples of retrospective 
studies showing a ‘positive signal’ only to be disproven 
in subsequent randomized trials. Therefore, though 
propensity-matching is an excellent tool, its utility over and 
above traditional multivariable regression remains to be 
further studied. 

Finally, the most important consideration, what did 
the echocardiogram show and what should we be looking 
at? Hemodynamic tools rarely show mortality benefit 
primarily due to their diagnostic nature. The information 
outputted through the echocardiogram needs careful 
review, contextualization to the patient’s pathophysiology, 
and decisive action if truly indicated. There are multiple 
potential pitfalls in this cognitive chain of events. For 
example, though training in echocardiography has been 
standardized for many years for cardiologists, certification 
for critical care echocardiography started only in 2019 
(23,24). The translational gap between the cardiologist/
echocardiographer in the echocardiographic laboratory 
and the intensivist at the bedside needs to be further 
understood. Did the intensivist have access to the fluid 
responsiveness information, which is usually not provided 
on routine echocardiograms (17)? Did the cardiologist 
factor in the different mechanical ventilation and vasoactive 
medication settings that may determine cardiac function 
(12,17)? Was the intervention—fluid bolus, increase or 
change in vasoactive medications and mechanical ventilation 
settings, administration of diuretics—made in response 
to or independent of the echocardiographic data? Finally, 
what information on the echocardiogram truly mattered? 
Prior studies have shown limited applicability of traditional 
measures of systolic dysfunction (13,14). Left ventricular 
diastolic dysfunction and right ventricular dysfunction 
appears to be related to clinical outcomes, however their 
measurement might be challenging in critically ill patients 
(4,12,13,25). Though strain imaging has shown promise in 
these patients, it has limited applicability in the ICU and 
therefore needs further validation (14). There is a need to 
define septic cardiomyopathy with greater precision, a need 
to delineate relevant echocardiographic parameters in septic 
shock, and understand the echocardiographic correlates of 
outcome prediction in this population (13,14).

In summary, the authors are to be commended for 
their efforts in highlighting the role of echocardiography 
not only on the management but also on the outcomes of 
septic shock patients. There is a crucial need for greater 
integration of echocardiography in the evaluation of 
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critically ill patients and work similar to that by Lan  
et al. (20) are instrumental in providing this impetus.
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