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ABSTRACT:

Bedside echocardiography is increasingly used to guide haemodynamic man-
agement in septic shock, but its value depends on correct interpretation and
integration with the patient’s evolving physiology. This narrative review examines
five recurrent pitfalls that may lead to inappropriate fluid administration, de-
layed recognition of ventricular dysfunction, or suboptimal vasoactive treatment.
The review was informed by a focused search of PubMed and major critical care
and echocardiography guidance documents, prioritising systematic reviews,
consensus statements, and clinically relevant observational studies. The five
pitfalls are: relying on left ventricular ejection fraction alone; failing to assess
right ventricular function systematically; administering fluid without evaluating
venous congestion; using static preload indices instead of validated dynamic
tests of fluid responsiveness; and treating echocardiography as a single diag-
nostic event rather than a serial monitoring tool. A structured corrective approach
isproposedforeach pitfall. Particularemphasisis placed onintegrated biventricular
assessment, cautious interpretation of inferior vena cava indices, distinction be-
tween fluid responsiveness and fluid tolerance, and repeated reassessment after
therapeutic interventions. Echocardiography should not be used as an isolated
number-generating exercise. Its principal clinical value lies in combining ven-
tricular function, flow, loading conditions, congestion, and treatment response
into a coherent bedside haemodynamic phenotype. A systematic approach to
these pitfalls may improve decision-making and reduce avoidable harm in
patients with septic shock.

Keywords: Critical care; Echocardiography; Fluid therapy; Point-of-care systems;
Septic shock; Ventricular dysfunction

INTRODUCTION

Septic shock produces rapidly changing interactions among vasoplegia, preload,
ventricular function, pulmonary vascular load, and microcirculatory perfusion.
Physical examination and static pressure measurements alone often fail to identify
the dominant hemodynamic phenotype. Critical care ultrasonography can provide
immediate information about ventricular function, flow, pericardial disease, volume
responsiveness, and venous congestion, and contemporary guidance supports its
use in adults with septic shock [1,2]. Focused cardiac ultrasound is a goal-directed,
limited bedside examination used to answer time-sensitive questions such as gross
biventricular function, pericardial effusion, and major chamber-size abnormalities.
It does not replace comprehensive echocardiography. Quantitative LV outflow tract
velocity-time integral (LVOT VTI), diastolic indices, detailed right ventricular (RV)
quantification, pulmonary pressure estimation, valvular assessment, and venous
Doppler/VExUS generally require additional training, standardized acquisition, and
awareness of method-specific limitations [1-3].
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Five echocardiographic pitfalls

in septic shock

LVEF alone

PITFALL A normal or hyperdynamic LVEF does not establish adequate forward flow.

BETTER Integrate LV size, serial LVOT VTI, biventricular function and perfusion.

The right ventricle is overlooked

PITFALL LV findings alone can miss RV pressure overload or RV systolic dysfunction.

BETTER Assess RV size, function, septal shape and reversible RV afterload.

Fluid is given without checking congestion
PITFALL Fluid responsiveness can coexist with poor fluid tolerance.

BeTTER  Consider RV function, lung ultrasound, venous congestion and fluid balance.

Static indices are used to predict response

PITFALL A single CVP or IVC diameter poorly predicts a rise in stroke volume.

BETTER Choose a dynamic test suited to rhythm and ventilation; measure flow.

One echocardiogram is treated as definitive
PITFALL Vasopressors, ventilation and resuscitation can change the shock phenotype.

BETTER Repeat focused views and comparable measurements after major changes.

Before giving fluid, answer three separate questions

Is more flow clinically Will flow increase with fluid? Can this patient tolerate
needed? fluid?

Reassess flow, perfusion and congestion after intervention.

LVEF: left ventricular ejection fraction | LVOT VTI: left ventricular outflow tract velocity-time integral

LV/RV: left/right ventricle | CVP: central venous pressure | IVC: inferior vena cava

Focused echo supports decisions; advanced findings require appropriate expertise.
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The principal limitation is not access to images but inter-
pretation. A technically adequate examination may still lead
to an incorrect intervention if a single variable is treated as a
definitive answer. The same left ventricular ejection fraction
may represent very different hemodynamic states depending
on afterload; a patient may be fluid responsive but unable
to tolerate additional fluid; and an initially reassuring exam-
ination may become obsolete after vasopressor escalation,
mechanical ventilation, or further resuscitation. This review
focuses on five common, clinically actionable errors relevant
to intensivists using focused bedside echocardiography.

MATERIALS AND METHODS

A focused narrative literature search was conducted in
PubMed from database inception through 15 July 2026. The
websites and guidance documents of the Surviving Sepsis
Campaign, the European Society of Intensive Care Medi-
cine, and the European Association of Cardiovascular Im-
aging were also consulted. Representative search concepts
included septic shock, critical care echocardiography, septic
cardiomyopathy, left ventricular ejection fraction, right
ventricular dysfunction, fluid responsiveness, passive leg
raising, inferior vena cava, venous congestion, and venous
excess ultrasound. English-language publications involving
adults and addressing echocardiographic assessment in
sepsis or septic shock, ventricular function, fluid respon-
siveness, or venous congestion were eligible when they had
direct bedside relevance. Pediatric studies, publications un-
related to septic shock or echocardiography, non-English-
language publications, and conference abstracts without
accessible full text were excluded. The author screened
titles and abstracts, reviewed the full texts of potentially
relevant publications, and selected the guidelines, consensus
statements, systematic reviews, meta-analyses, and obser-
vational studies considered most relevant to the five pre-
defined pitfalls. Reference lists of key publications were also
examined. Because this was a narrative review, no formal
systematic-review protocol, risk-of-bias assessment, or
meta-analysis was performed.

Pitfall 1: Relying on left ventricular ejection fraction
alone

Left ventricular ejection fraction (LVEF) is the most famil-
iar echocardiographic descriptor of systolic function, but
it is strongly influenced by loading conditions. Vasoplegic
septic shock commonly presents with low systemic vascular
resistance and normal or increased cardiac output. A nor-
mal or hyperdynamic LVEF therefore does not, by itself,
indicate low forward flow. However, a hyperdynamic LVEF
may also occur in a severely underfilled, small left ventricle,
particularly with tachycardia; a small end-diastolic volume
can be ejected almost completely while absolute stroke
volume remains low. Conversely, reduced LVEF does
not necessarily indicate inadequate cardiac output when
ventricular dilatation preserves stroke volume. Low flow
should be demonstrated rather than inferred, using serial
LVOT VTI or another cardiac-output measure together
with clinical perfusion variables. Septic cardiomyopathy
may also involve diastolic dysfunction, RV dysfunction,
and abnormal ventricular-arterial coupling rather than
isolated LV systolic impairment [4,5].

Echocardiographic pitfalls in septic shock

KEY MESSAGES:

« Left ventricular ejection fraction should
never be interpreted in isolation during septic
shock.

« Right ventricular function and congestion
should be assessed when feasible and without
delaying urgent resuscitation.

« Neither fluid responsiveness nor fluid tol-
erance alone is an indication for fluid administra-
tion; dynamic tests are generally preferred when
their technical prerequisites are met.

« Serial examinations should compare the
same core views and measurements after major
interventions or hemodynamic changes.

The corrective approach is to interpret LVEF within
an integrated hemodynamic examination. LV size and
filling, LVOT VTI, mitral inflow, tissue Doppler, RV size
and function, valvular lesions, and the clinical response
to treatment should be considered together. LVOT VTI
is sensitive to sample-position and alignment errors and
varies with heart rate, rhythm, LV outflow obstruction,
and aortic regurgitation; serial values should therefore be
acquired from the same window and location. E/e' is not
a universally reliable estimate of filling pressure in tachy-
cardia, atrial fibrillation, mitral valve disease, or rapidly
changing loading conditions [6]. LVEF should describe one
component of the phenotype, not determine therapy by
itself.

Pitfall 2: Failing to assess the right ventricle sys-
tematically
The right ventricle is frequently underexamined despite its
central role in septic shock. RV systolic dysfunction, RV
pressure overload, and acute cor pulmonale are related but
distinct phenotypes. Acute respiratory distress syndrome,
hypoxemia, hypercapnia, pulmonary embolism, pulmonary
microvascular injury, high positive end-expiratory pressure,
and excessive tidal volume can increase pulmonary vascular
resistance; chronic pulmonary hypertension may provide
a different baseline. Acute cor pulmonale classically com-
bines acute RV dilatation with septal dyskinesia in the
setting of increased RV afterload. Fluid loading may enlarge
the RV, shift the interventricular septum, reduce LV filling,
and worsen systemic output. RV dysfunction is common in
early sepsis and is associated with worse outcomes [7-10].
Every examination should therefore include RV size,
qualitative contractility, tricuspid annular plane systolic
excursion (TAPSE), tissue Doppler S' velocity, fractional
area change (FAC) when feasible, septal configuration, and
tricuspid regurgitation. Common reference limits such as
TAPSE <17 mm, S' <9.5 cm/s, and FAC <35% can support
recognition of RV systolic dysfunction, but these longi-
tudinal indices are load dependent and may not represent
global RV performance in critical illness [11]. Findings
must be integrated with RV/LV size, ventilator settings, gas
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exchange, pulmonary pressures, chronic disease, and venous
congestion. Echocardiography may support consideration
of inotropy when persistent low forward flow and organ
hypoperfusion coexist with RV systolic impairment after
adequate systemic pressure and preload have been estab-
lished and reversible causes of RV afterload have been
addressed. An isolated abnormal TAPSE or §'is not an in-
dication for an inotrope. Agent selection and dose should
reflect blood pressure, arrhythmia risk, and the response of
flow and perfusion to a monitored trial [12,13].

Pitfall 3: Giving fluid without assessing venous
congestion

Fluid resuscitation may increase stroke volume when the
circulation is preload responsive, but benefit depends on
whether the additional volume is tolerated and whether in-
creased flow is clinically needed. Venous congestion may
impair renal, hepatic, and gastrointestinal function even
when arterial pressure is acceptable. Inferior vena cava
(IVC) dilatation alone does not establish systemic venous
congestion because it is affected by ventilation, intra-ab-
dominal pressure, RV function, and chronic cardiopul-
monary disease. The venous excess ultrasound (VExUS)
framework combines IVC assessment with hepatic, portal,
and intrarenal venous Doppler [14]. Congestion and fluid
responsiveness can coexist [15,16], but VExUS thresholds,
feasibility, reproducibility, and patient-centered outcome
benefit remain uncertain in septic shock. VExUS should
inform rather than determine fluid decisions.

The corrective approach separates three questions: will
stroke volume increase, can additional volume be tolerated,
and is there a clinical indication to increase flow with fluid?
Neither responsiveness nor tolerance alone constitutes an
indication. A fluid bolus is reasonable only when a preload
deficit is plausible, improved flow is expected to benefit
tissue perfusion, and the risk of fluid accumulation is
acceptable. Fluid tolerance should integrate RV function,
central venous pressure trends when available, sonographic
congestion markers, lung ultrasound, oxygenation, and
cumulative balance; central venous pressure alone is not a
reliable predictor of responsiveness. If hypotension coexists
with a positive responsiveness test and established conges-
tion, routine fluid loading should be avoided. The clinician
should reassess the mechanism of hypotension, optimize
vasopressor support and ventilation, reduce reversible
RV afterload, and consider monitored inotropy only for
documented low-output ventricular dysfunction. If a com-
pelling preload deficit remains, a small, closely monitored
fluid challenge may be used and stopped if perfusion fails
to improve or congestion worsens [17].

Pitfall 4: Using static indices instead of dynamic
tests of fluid responsiveness

Central venous pressure, a single IVC diameter, and ven-
tricular end-diastolic dimensions are poor stand-alone
predictors of whether stroke volume will rise after fluid
administration. Dynamic tests are generally preferred over
static preload indices when their technical prerequisites
are met [18]. Passive leg raising (PLR) requires real-time
measurement of flow, ideally LVOT VTI or a validated
cardiac-output monitor. Pulse-pressure variation (PPV)

and stroke-volume variation (SVV) require controlled
mechanical ventilation, regular rhythm, minimal sponta-
neous effort, a sufficient tidal-volume-induced cardiopul-
monary interaction, and the absence of major RV failure.
End-expiratory occlusion (EEO) requires controlled ven-
tilation and a reliable, sufficiently responsive flow signal.
Atrial fibrillation and other arrhythmias limit Doppler
averaging and invalidate PPV/SVYV, although PLR may
remain usable if flow is measured over several beats.

PLR produces a reversible endogenous fluid challenge
and is useful across a broad range of clinical conditions
when performed correctly [19,20]. An increase in stroke
volume or LVOT VTI of approximately 10% is often used,
but the threshold depends on the measurement method
and must exceed its measurement error. EEO, tidal-vol-
ume challenge, PPV/SVV, and mini-fluid challenge can be
used only in appropriate conditions [18,21]. The selected
test should match the patient’s rhythm, ventilatory mode,
spontaneous breathing activity, RV function, and available
signal. A positive result predicts an increase in flow, not
a clinical benefit from fluids; perfusion need and fluid
tolerance must still be evaluated. This interpretation is
consistent with sepsis guidance favoring dynamic over
static assessment during resuscitation [22].

Pitfall 5: Treating echocardiography as a single
event
Septic shock is dynamic. The initial hyperdynamic state can
evolve into LV systolic or diastolic dysfunction, acute RV
failure, or mixed shock. Vasopressors alter afterload; fluids
alter biventricular loading; intubation and positive-pressure
ventilation alter venous return and RV afterload; and source
control may rapidly change vascular tone. A single exam-
ination is therefore a time-stamped physiologic observation
rather than a definitive diagnosis [23,24].
Echocardiography should be repeated when hemody-
namic status changes, after major interventions, when the
observed response is discordant with expectations, or when
vasoactive support is escalated. Serial measurements are
most useful when the same core variables, views, patient
position, acquisition methods, respiratory phase, and clinical
context are compared. Whenever feasible, the same trained
operator or a documented standardized protocol should be
used. The purpose is not to repeat a comprehensive echocar-
diogram each time, but to answer a focused question and
determine whether the proposed mechanism and treatment
response remain coherent.

Practical bedside integration

A useful sequence begins with the clinical question (Figure
1). In persistent shock, immediately reversible obstructive
causes should first be excluded. The clinician should then
define the dominant phenotype by integrating biventric-
ular size and function, LVOT flow, pericardium, lung ul-
trasound, and venous congestion. If additional flow may
benefit tissue perfusion and a preload deficit is plausible, a
technically appropriate dynamic test is selected. A positive
test is followed by a separate assessment of fluid tolerance.
Treatment is then matched to the phenotype and followed
by standardized reassessment of the same variables.
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Bedside echocardiography in persistent septic shock

1 Exclude immediately reversible obstruction

Pericardial tamponade ¢« massive pulmonary embolism ¢ tension physiology ¢ dynamic
LV outflow obstruction

v

2 Define the hemodynamic phenotype

LV and RV size/function ¢ LVOT VTI/flow ¢ pericardium ¢ lung ultrasound ¢ venous
congestion ¢ rhythm and ventilation

v

3 Would increased flow likely benefit perfusion?

Integrate MAP, capillary refill, lactate trend, urine output, skin
temperature, and organ function

v

4 Is a preload deficit plausible?
If yes, select a dynamic test whose prerequisites are satisfied

v

5 Preload responsive?

PLR with real-time flow; or EEO, PPV/SVV, tidal-volume challenge, or
mini-fluid challenge when valid

No Yqs
| J
No routine fluid Fluid tolerance?
Treat vasoplegia or the identified Assess RV function, lungs,
cause; consider inotropy only for venous Doppler/VExUS, CVP
documented low-output ventricular trend, oxygenation, and
dysfunction cumulative balance
Acceptable Limited
Cautious small fluid challenge Avoid reflex fluid loading
Give fluid only if clinically indicated; stop if Optimize MAP, ventilation, and RV
perfusion does not improve or congestion afterload; treat the cause; consider
worsens monitored inotropy for persistent low
output

v

6 Reassess the same core variables after every intervention

Figure 1. Stepwise bedside echocardiography algorithm for persistent septic shock. The algorithm separates the need for
increased flow, preload responsiveness, and fluid tolerance, then requires reassessment of the same core variables after

intervention. Abbreviations: CO: cardiac output; CVP: central venous pressure; EEO: end-expiratory occlusion; LV: left ventricle; LVOT: left ventricular
outflow tract; MAP: mean arterial pressure; PLR: passive leg raising; PPV: pulse-pressure variation; RV: right ventricle; VEXUS: venous excess ultrasound;
SVV: stroke-volume variation; VTT: velocity-time integral.
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For example, consider a patient with persistent septic
shock despite norepinephrine. A small hyperdynamic LV,
LVOT VTIof 11 cm, preserved RV size and function, a 14%
VTI increase during PLR, and no pulmonary or systemic
venous congestion support a cautious small fluid challenge,
provided impaired perfusion is present. The same positive
PLR result in a patient with RV dilatation, septal flattening,
diffuse B-lines, and abnormal venous Doppler should not
trigger automatic fluid administration. In that phenotype,
priority shifts to vasopressor optimization, ventilator and
RV-afterload adjustment, and treatment of the cause;
inotropy is considered only if low forward flow and hy-
poperfusion persist after pressure, preload, and afterload
have been addressed (Table 1).

Limitations

Focused cardiac ultrasound is operator dependent and is
limited by image acquisition, measurement variability, body
habitus, mechanical ventilation, dressings, positioning,
arrhythmia, and tachycardia. Basic focused assessment
should not be extended beyond the operator’s competence;
advanced Doppler measurements, quantitative RV assess-
ment, VExUS, and structural or valvular diagnosis may re-
quire expert or comprehensive echocardiography. Thresh-
olds derived from stable cardiology populations may not
perform identically in critical illness. VExUS and dynamic

tests have context-specific limitations, and a numerical
threshold should not override discordant physiology.
Serial examinations require standardized acquisition and
documentation with image storage whenever possible.
Comprehensive echocardiography should not be delayed
when endocarditis, major valvular disease, structural
pathology, or unexplained ventricular dysfunction is
suspected. Finally, this was a non-systematic, single-author
narrative review; selective reference inclusion and the
absence of formal risk-of-bias assessment may introduce
selection bias.

CONCLUSION

The principal danger of bedside echocardiography in
septic shock is not failure to obtain a number but failure
to integrate physiology. LVEF alone is insufficient; RV
phenotype and congestion must be considered; fluid
responsiveness, fluid tolerance, and the indication for
fluids are separate questions; and dynamic tests are pre-
ferred only when their prerequisites are satisfied. Focused
cardiac ultrasound should remain within the operator’s
competence and trigger comprehensive assessment when
required. Standardized serial reassessment after inter-
vention is central to matching treatment to the evolving
shock phenotype.

Table 1. Summary of common echocardiographic pitfalls and corrective actions.

Pitfall Misleading Corrective action Key parameters Key limitations/caveats
interpretation
LVEF alone Normal or hyperdy- Integrate biventricular ~ LVEF; LV size; serial LVEF and VTT are load and
namic LVEF equals function, flow, diastolic =~ LVOT VTIL; mitral in- technique dependent; E/e'

RV not assessed

adequate flow

Absence of LV failure
excludes a cardiac con-
tribution to shock

findings, perfusion, and
loading conditions

Distinguish RV systolic
dysfunction, pressure
overload, and acute

cor pulmonale; address
reversible afterload

Fluid without Fluid responsiveness Assess responsiveness,
congestion implies fluid safety or an tolerance, and clinical
assessment indication for fluid need separately

Static preload CVP or IVC diameter Prefer a validated
indices predicts response to dynamic test when

Single examina-
tion

fluid

The initial phenotype
remains valid through-
out resuscitation

prerequisites are met

Repeat a standardized
focused examination af-
ter clinical changes and
major interventions

flow; E/e'; RV function

RV/LV ratio; TAPSE; S
FAG; septal flattening;
TR; venous congestion

PLR with flow; RV
function; IVC; venous
Doppler; lung ultra-
sound; cumulative
balance

PLR; VTI/CO change;
EEO; PPV/SVYV;
mini-fluid challenge

Same views; ventricular
size/function; flow;
lungs; loading; conges-
tion

is unreliable in several ICU
conditions

TAPSE and S' are load-depen-
dent longitudinal indices and
do not represent global RV
function alone

IVC dilatation alone does not
establish congestion; VExUS
thresholds and outcome benefit
in sepsis remain uncertain

PLR needs real-time flow;
PPV/SVV require controlled
ventilation and regular rhythm;
thresholds must exceed mea-
surement error

Operator dependence and
inconsistent acquisition reduce
comparability; obtain compre-
hensive echocardiography when
indicated

Common abnormal reference values include TAPSE <17 mm, S' <9.5 cm/s, and FAC <35%, but all values require integrated interpretation and locally

accepted echocardiography standards. Abbreviations: CO: cardiac output; CVP: central venous pressure; EEO: end-expiratory occlusion; FAC: fractional
area change; IVC: inferior vena cava; LV: left ventricle; LVEF: left ventricular ejection fraction; LVOT: left ventricular outflow tract; PLR: passive leg raising;
PPV: pulse-pressure variation; RV: right ventricle; S': tissue Doppler systolic velocity; SVV: stroke-volume variation; TAPSE: tricuspid annular plane systolic
excursion; TR: tricuspid regurgitation; VexUS: venous excess ultrasound; VTT: velocity-time integral.
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