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ABSTRACT:

Circulatory shock is an acute, life threatening state of tissue
hypoperfusion caused by hypovolemic, cardiogenic, obstructive,
or distributive which requiring different treatment. Guidelines
now recommended echocardiography as the first line diagnostic
tool. This review aimed to synthesize evidence on point of care
ultrasound (POCUS), combining cardiac, lung, venous, and
abdominal imaging for phenotyping shock and guiding bedside
hemodynamics management. A focused narrative review
searched in the MEDLINE/PubMed, Semantic Scholar, Scopus
and preprint repositories. Keywords used were shock physiology,
cardiac ultrasound, fluid responsiveness and tolerance, and right
ventricular assessment. Pooled analysis from 1,132 patients
demonstrated POCUS identifies shock etiology with 0.78 to 0.90
sensitivity and 0.92 to 0.98 specificity. LVOT velocity time
integral served as a stroke volume surrogate and 10 percent rise

after passive leg raising predicted fluid responsiveness (AUC 0.91
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license (http://creativecommons. | to 0.95). Lung ultrasound, infetior vena cava assessment, and the

orgllicenses/by/4.0/). | VExUS score identified fluid tolerance, while right ventricular

size and TAPSE/PASP ratio identified high mortality
phenotypes. In conclusion, bedside echocardiography should
function as a repeated physiological test answering the shock

phenotype, flow status, and fluid tolerance.

Keywords: Circulatory shock, Point of care ultrasound, fluid
responsiveness, right ventricular function.

Introduction
Background

Circulatory shock is defined as acute circulatory
failure resulting in inadequate cellular oxygen
utilisation, and the defining consensus statements
of the European Society of Intensive Care
Medicine emphasise that arterial hypotension is
not required for the diagnosis: what matters is the
presence of tissue hypoperfusion, recognised
clinically through altered mentation, mottled or
cold skin, oliguria and a raised blood lactate.
Approximately one in three patients admitted to
an intensive care unit is in shock at some point
during the stay, and the syndrome remains among
the strongest predictors of multiorgan failure and
death. The Sepsis-3 criteria formalised the most
common subtype, defining septic shock as sepsis
with vasopressor-dependent hypotension and a
lactate above 2 mmol/L after adequate fluid
resuscitation, a group in which pooled mortality
approaches half of all patients.!-3

The syndrome is conventionally divided into four

mechanisms: hypovolaemic, cardiogenic,
obstructive and distributive. However this
classification is clinically useful only if the
mechanism can be identified quickly, because the
correct first intervention differs radically between
them. A litre of crystalloid is life-saving in
haemorrhagic hypovolaemia and potentially
lethal in tamponade-associated obstructive shock
or in decompensated left ventricular failure; a
vasopressor is the correct first response to
vasoplegia and may be counterproductive if it
masks unrecognised preload dependence.
Bedside clinical assessment, however, performs
poorly at this discrimination, and reliance on

static surrogates such as central venous pressure

has been explicitly discouraged for two
decades.124

The 2025 ESICM guidelines on circulatory shock
and haemodynamic monitoring make the modern
position explicit: echocardiography is suggested
as the first-line imaging modality to determine the
type of shock, dynamic variables are preferred
over static markers of preload for predicting fluid
responsiveness, and cardiac output or stroke
volume should be monitored in patients who do
not respond to initial therapy. In parallel, the
guidelines endorse bedside markers of skin
perfusion, notably capillary refill time,
complemented by skin temperature and mottling.
Bedside echocardiography therefore no longer
sits at the periphery of resuscitation; it is
embedded in the recommended diagnostic
pathway.*

The diagnostic case is strong. A systematic review
and meta-analysis of twelve studies including
1,132 patients reported pooled sensitivity and
specificity of 0.82 and 0.98 for obstructive shock,
0.78 and 0.96 for cardiogenic shock, 0.90 and 0.92
for hypovolaemic shock and 0.79 and 0.96 for
distributive shock, with an area under the receiver
operating characteristic curve of approximately
0.95 for each subtype and a positive likelihood
ratio of 40 for obstructive shock. A broader
systematic review of 89 studies concluded that
POCUS increases diagnostic accuracy in
dyspnoea, non-traumatic hypotension and shock,
narrows the differential diagnosis and shortens
the time to correct diagnosis and effective
treatment. In a  prospective emergency
department cohort, an ultrasound hypotension
aggregate
uncertainty by 27.7 per cent and changed the use

protocol  reduced diagnostic
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of fluids, vasoactive agents or blood products in

a quarter of patients.>8:20

The outcome case is more nuanced, and this
tension is the intellectual centre of the present
review. A systematic review and meta-analysis of
eighteen randomised controlled trials found that
POCUS-guided resuscitation probably reduces
28-day mortality risk  0.88, 95%
confidence interval 0.78 to 0.99), shortens the

(relative

duration of vasoactive medication and improves
lactate clearance, yet the largest multicentre
randomised trial of a POCUS protocol in
undifferentiated hypotension, the SHoC-ED
trial, found no difference in survival, length of
stay, imaging use or fluid administration. A
prospective multicentre observational  study
across 178 United Kingdom critical care units
found that only 54 per cent of patients admitted
with shock received an echocardiogram within 72
hours, that the scan reduced diagnostic
uncertainty or changed management in 54 per
cent of those examined, and that only a quarter
of studies complied with national governance and

image-storage standards.7?

Two further developments have reshaped the
field. First, the that  fluid
accumulation is itself an injurious exposure: a

recognition

meta-analysis of 31 observational studies and
31,076 patients found that fluid ovetload and

positive  cumulative  fluid  balance are
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independently associated with mortality, with risk
rising by roughly 19 per cent for every additional
litte of positive balance, and deresuscitation
strategies have been associated with improved
survival in fluid-overloaded patients. Second, the
emergence of fluid tolerance as a concept distinct
from fluid responsiveness, a distinction with
direct bedside

multicentre proof-of-concept study found signs

consequences, because a
of venous congestion in roughly half of both
fluid-responsive and fluid-unresponsive critically
ill patients.!21314.78

Finally, the resuscitation paradigm itself has
moved from fixed protocolised targets towards
personalised, phenotype-driven strategies applied
as reversible tests within short decision cycles.
ANDROMEDA-SHOCK-2 which randomised
1,467 patients in 86 centres across 19 countries,
operationalised exactly this approach, capillary
refill time, pulse pressure, diastolic pressure, fluid
bedside
echocardiography used together to tailor fluids,

responsiveness testing and
vasopressors and inotropes. These demonstrated
superiority over usual care for a hierarchical
ratio  1.16, 95%

confidence interval 1.02 to 1.33), driven mainly

composite outcome (win
by a shorter duration of vital support. Bedside
echocardiography is a structural component of
that strategy rather than an optional adjunct.!522

Tissue perfusion
& cellular
respiration

xygen deliver
(DO2)

*
|

CaO:
(Hb, Sa0:2)

Corresponding bedside ultrasound surrogates

Preload / volume state: IVC calibre and respiratory variation, PLR-induced AVTI, venous (VExUS) Doppler
Pump function: visual and quantified LV ejection fraction, MAPSE, RV size, TAPSE, S, septal motion
Flow: LVOT velocity-time integral — stroke volume, cardiac output; RVOT VTI for right-sided output
Tolerance / downstream perfusion: lung B-lines, pleural fluid, organ venous Doppler, capillary refill

www.internationalsped.com

407



2026, 41(22s), 405-432

INTERNATIONAL JOURNAL of SPECIAL EDUCATION

Figure 1. Physiological determinants of tissue perfusion and the bedside ultrasound variables that

interrogate each step. Stroke volume is the product of preload, contractility and afterload; multiplied by

heart rate it yields cardiac output, which together with arterial oxygen content determines global oxygen

delivery. Each determinant has a corresponding sonographic surrogate, which is what allows a bedside

examination to be read as physiology rather than as anatomy. Sources: 12419

Obijectives

The general objective of this review is to
synthesise contemporary guideline, consensus
and clinical-trial evidence into a coherent,
physiology-based framework for the use of
bedside echocardiography and multimodal
POCUS in the assessment and management of
the patient with shock. The specific objectives
are: (1) to restate the haemodynamic first
principles that make sonographic variables
interpretable; (ii) to define the standard views,
strengths and limitations of focused cardiac
ultrasound in this population; (iii) to organise the
examination within the Pump Tank Pipes
construct; (iv) to describe the quantification of
stroke volume and cardiac output through the
LVOT velocity time integral; (v) to separate fluid
responsiveness from fluid tolerance and to
specify how each is measured; (vi) to detail right
ventricular assessment; (vii) to characterise the
sonographic phenotypes of the shock subtypes;
(vii) to translate findings into therapeutic
decisions; (ix) to formalise serial reassessment; (X)
to catalogue pitfalls; and (xi) to propose an
integrated clinical decision algorithm suitable for
the emergency department, the operating theatre
and the intensive care unit.+19.23.25

Significance and expected benefits

For the clinician, the review provides an explicit,
reproducible  sequence  that links each
sonographic finding to a therapeutic decision and
to a defined reassessment interval, which is
precisely the element most often missing from
published POCUS protocols. For the institution,
it supplies the conceptual basis for a governance
framework covering image acquisition, archiving,
reporting and competence, deficiencies in which
have been documented in large observational
work. For the researcher, it identifies where

evidence is strong (diagnostic accuracy,

prediction of preload responsiveness), where it is
weak (outcome benefit of congestion-guided de-
resuscitation, operator-competence thresholds)
and therefore where trials are needed.610.84

Hypothesis

The working hypothesis of this review is that the
clinical value of bedside echocardiography in
shock is determined less by its diagnostic
accuracy which is already high and reproducibly
demonstrated than by whether it is embedded in
a closed decision loop. Specifically, we propose
that a structured, serially repeated, multimodal
POCUS examination that integrates flow (LVOT
VTI), preload responsiveness (passive leg raising)
and fluid tolerance (lung, inferior vena cava and
venous Doppler), and that is coupled to explicit
therapeutic rules and to a mandated re-scan after
every meaningful intervention, will produce
better patient-centred outcomes than either
single-snapshot POCUS or non-ultrasound usual
care. The positive hierarchical composite result of
ANDROMEDA-SHOCK-2 and the mortality
signal in the meta-analysis of POCUS-guided
resuscitation are consistent with, though not
definitive proof of, this hypothesis.®!5

Research gap

Four gaps recur across the literature. First, an
outcome and accuracy dissociation: diagnostic
performance is excellent, yet randomised
evidence of benefit is mixed and derives largely
from small single-centre trials, while the highest-
quality multicentre trial was neutral. Second, a
protocol-heterogeneity gap: published protocols
differ in views obtained, in the number of lung
zones scanned and in whether quantitative flow
measurement is mandatory, which makes pooled
estimates difficult to interpret. Third, a
competence gap: most trials do not report
operator training level, agreement between
novices and experts is only moderate for some
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parameters, and systematic review evidence
shows measurable decay of ultrasound
competence within 1 to 12 months, with image
acquisition skills deteriorating most. Fourth, a
deresuscitation gap: congestion indices such as
VExUS correlate well with right atrial pressure
and predict adverse renal outcomes in cardiac
populations, yet associations are inconsistent in
general and septic ICU cohorts and no adequately
powered trial has yet shown that congestion-
guided de-resuscitation improves

outcomes.6.7.9,10,54-57,83,84
Novelty

The novelty of this review lies in three deliberate
departures from the existing literature. It treats
fluid responsiveness and fluid tolerance as two
orthogonal axes that must both be measured
before any bolus, rather than as a single 'volume
status' question; it integrates the 2025 ESICM
guideline recommendations, the
ANDROMEDA-SHOCK-2
strategy and the most recent VExUS meta-

personalised

analytic evidence, which have not previously been
synthesised together in a single bedside
framework; and it presents a serial-reassessment
loop with defined triggers and expected
directional changes, converting POCUS from a
diagnostic snapshot into a monitoring modality.
The proposed algorithm in Figure 3 is, to our
knowledge, the first to combine obstructive-
cause exclusion, quantitative flow measurement,
dual responsiveness—tolerance assessment and
mandated re-scanning in one operational

sequence. 141556
2. Methodology

This work is a focused state-of-the-art narrative
review. It does not claim the protocol-registered
completeness of a systematic review; rather, it
follows an explicit and reproducible search and
selection strategy designed to identify the highest-
quality contemporary evidence bearing on each
of the twelve thematic questions defined a priori
by the review objectives.»!

Information sources and search strategy

Structured queries were executed in the academic
search engine, which indexes
MEDLINE/PubMed, Semantic Scholat, Scopus
and preprint repositories, with the medical-
journal filter enabled so that retrieval was
restricted to high-ranking clinical journals and
clinical practice guidelines. Twelve domain-
specific searches were run, corresponding to the
twelve sections of the narrative review: shock
definition and haemodynamic monitoring;
accuracy of  POCUS in
undifferentiated shock; standard views and

diagnostic

training in focused cardiac ultrasound; LVOT
velocity time integral and non-invasive cardiac
output; passive leg raising and dynamic predictors
of fluid responsiveness; inferior vena cava
assessment and its limitations; lung ultrasound,
B-lines and the BLUE/FALLS protocols; venous
excess ultrasound and organ congestion; right
ventricular function, TAPSE and RV pulmonary
arterial coupling; sepsis-induced cardiomyopathy
and  echocardiographic  phenotypes;  fluid
overload, deresuscitation and the ROSE model,
and competence, governance and outcome trials
of POCUS-guided resuscitation.*¢

Eligibility criteria

o Included: international guidelines and
consensus statements, systematic reviews with or
without meta-analysis, randomised controlled
trials, prospective and multicentre observational
cohorts, and authoritative state-of-the-art or
narrative  reviews written by  recognised
methodological groups when they defined a

concept (for example the FALLS protocol or the
VExUS construct).

o Excluded: exclusively paediatric or
neonatal populations, except where cited
explicitly for contrast, single case reports and
small case series without physiological or
methodological novelty, conference abstracts
reporting the same cohort as a subsequent full
publication, and non-shock populations unless
the physiological principle under discussion was
transferable.
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. Verification: every reference retained
was checked to have a resolvable public record
and a valid digital object identifier, and both the
record link and the DOI are reproduced in the
reference list.

Priority was given to publications from 2014
onwards, corresponding to the first ESICM
consensus on circulatory shock, with eatlier
landmark studies retained where they remain the
primary source of a concept. As an example, the
original description of the BLUE protocol and

the foundational passive leg raising studies.!-35-38:48
Synthesis

Evidence was extracted into a thematic matrix
mapping each source to one or more of the
twelve review domains, to its study design and to
the specific quantitative estimate it contributed
(for example a pooled sensitivity, an area under
the curve, a diagnostic threshold or an effect
estimate). Quantitative estimates are reported
with their original confidence intervals. Where
sources conflicted, most conspicuously for the
prognostic value of VExUS in general versus
cardiac surgical populations, and for the outcome
benefit of POCUS-guided resuscitation, both
positions are presented, and the methodological
reasons for divergence are stated rather than
resolved by selective citation. Figures and tables
in this review are original didactic syntheses
constructed from the numerical values reported
in the cited primary sources; no figure has been

reproduced from a copyrighted publication.>
7,56,57

3. Results

Physiological Framework: From Flow to
Phenotype

Shock is a disorder of flow before it is a disorder
of pressure. Global oxygen delivery is the product
of cardiac output and arterial oxygen content.
Cardiac output is the product of stroke volume
and heart rate. Stroke volume is determined by
preload, myocardial contractility and afterload.
Mean arterial pressure is the product of cardiac

output and systemic vascular resistance, which is

the reason of a normal or even elevated pressure
can coexist with profoundly inadequate flow and
hypotension is neither necessary nor sufficient
for the diagnosis of shock.!2

Preload is best understood as the stressed volume
that drives venous return rather than as a volume
of blood. This distinction explains volume-
overloaded in total body terms yet preload-
dependent in cardiac terms and that the inferior
vena cava is an unreliable single measure of the
state. The Frank-Starling curve translates preload
into stroke volume, where the steep portion
indicates preload dependence and the plateau
defines preload independence. The exact position
and slope determined by contractility and
afterload.!:445

Two key principles of this curve guide fluid
resuscitation. First, only patients on the steep
portion increase their stroke volume after a fluid
bolus. Second, in patients on the plateau, a fluid
infusion only elevates filling pressures. This
pressure transmitted backwards to systemic
venous circulations and forwards into the tissues,
causing harmful interstitial edema. A meta-
analysis of 31 observational studies with 31,076
patients found fluid overload and positive
cumulative balance independently associated
with mortality, with the risk of death rising by
approximately 19 per cent per litre of positive
balance.124247

Afterload is systematically under-measured: an
identical arterial pressure can be produced by
opposite combinations of flow and resistance, so
pressure alone cannot guide the choice between
vasopressor and inotrope. Ventriculo-arterial
coupling has therefore been proposed as a target
of critical care ultrasound protocols.!?20
Macrocirculatory  correction also does not
guarantee microcirculatory correction. Capillary
refill time which responds within minutes of
change in systemic flow, has become a favored
resuscitation  target. In  ANDROMEDA-
SHOCK, a capillary refill time targeted-strategy
produced less organ dysfunction at 72 hours than
a lactate-targeted strategy.!>21:22:80

www.internationalsped.com

410



2026, 41(22s), 405-432

INTERNATIONAL JOURNAL of SPECIAL EDUCATION

Table 1. Haemodynamic profiles of the four mechanisms of shock and their expected bedside

sonographic correlates!2+19

Mechanism Cardiac

output

Preload SVR

Venous Typical causes and

pressure | sonographic correlate

Hypovolaemic | Low Low High

Low Haemorrhage, gastrointestinal or
renal losses; small hyperkinetic
LV, collapsing IVC, low LVOT
VTI, A-profile lungs

Cardiogenic Low High High

High Myocardial infarction,
decompensated cardiomyopathy,
valvular catastrophe; dilated
hypokinetic LV, plump IVC, low
VTI, bilateral B-profile

Obstructive Low Variable High

High Tamponade, massive pulmonary
embolism, tension
pneumothorax; pericardial
effusion with chamber collapse,
RV dilatation, absent lung sliding

Distributive
high normal

Normal or Low or Low

Low or Sepsis, anaphylaxis, neurogenic,
normal liver failure; hyperkinetic LV,
normal or high VTT despite
hypotension, variable IVC

Mixed Variable Variable Variable

Variable Septic shock with sepsis-induced
cardiomyopathy, cardiogenic
shock with secondary infection;
discordant findings requiring
serial reassessment

Notes: IVC, inferior vena cava; LV, left ventricle;
LVOT, left ventricular outflow tract; RV, right
ventricle; SVR, systemic vascular resistance; V1,
velocity—time integral. Adapted conceptually
from consensus classifications of circulatory
shock and from ultrasound-based haemodynamic
protocols.

Focused cardiac ultrasound (FoCUS) differs
from comprehensive echocardiography in
purpose rather than in equipment. It answers a
small set of binary, time-critical questions, and is
performed by the treating clinician in real time. A
division of labour explicitly endorsed by The
European Association of Cardiovascular Imaging
and given graded recommendation by The

Society of Critical Care Medicine's for preload
responsiveness in  mechanically  ventilated
patients, left ventricular systolic function, acute
cor pulmonale, symptomatic pulmonary
embolism, pericardial effusion, and
tamponade.!®!” The core sequence comprises the
parasternal long-axis, parasternal short-axis,
apical four-chamber, apical five-chamber and
subcostal views, extended to the lungs, abdomen,
and the deep veins. The parasternal long axis
gives left ventricular size, global function, the
pericardium and the outflow tract; the short axis
gives septal shape and radial function; the apical
four-chamber gives the right-to-left ventricular

relationship and tricuspid annular motion; the
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apical  five-chamber allows the Doppler
quantification of flow; and the subcostal view is
the rescue window when parasternal and apical
windows fail, as they often do in ventilated or
obese patients. A visual estimate of global
¢jection fraction should be part of every
examination.?#?>  Structured protocols raise
diagnostic accuracy from roughly 60 per cent
with clinical examination alone to about 85 per
cent, and alter management in up to half of
patients. In cardiac arrest and peri-arrest states,
focused echocardiography identifies coordinated
cardiac motion in a substantial fraction of
patients labelled asystolic or in pulseless electrical
activity, and changed management in 78 per cent

of cases in a prospective pre-hospital trial.>2>7>

The limitations are equally specific. Image quality
is operator- and patient-dependent; in one large
multicentre echocardiographic study of ventilated
patients the inferior vena cava could not be
visualised in 22 per cent, and outflow-tract
Doppler was obtainable in only about 78 per cent,
whereas superior vena cava assessment by the
transoesophageal route succeeded in almost all.
Interpretation is vulnerable to the same
physiological confounders that limit any single
haemodynamic variable, including mechanical
ventilation, arrhythmia, raised intra-abdominal
pressure and isolated right or left ventricular
dysfunction. And, critically, a focused study yields
a set of findings rather than a diagnosis: it must
be integrated with the history, examination, blood

gas, lactate and response to therapy. Where the
transthoracic window fails and the patient is
intubated, resuscitative transoesophageal
echocardiography is a safe and high-yield
alternative, changing management in 85 per cent
of patients scanned for undifferentiated shock in

a multicentre registry of 1,045 studies. 424374
The Pump-Tank-Pipes approach

The Pump-Tank—Pipes construct is a mnemonic
discipline rather than a physiological theory. The
Pump is the myocardium: left and right
ventricular size and function, septal motion, and
valves. The Tank is the volume compartment: the
inferior vena cava, the response to a preload
challenge, and the downstream evidence of over-
filling. The Pipes are the pericardium, the
pulmonary vasculature, the pleura and the arterial
tree.!%?> Reading the three compartments
together, rather than sequentially, is what turns
images into a phenotype (Table 1). Structured
protocols that formalise this reading, namely
RUSH, ACES, SESAME, converge on the same
triage logic (Figure 1).192526 A practical
refinement is the Tank must be evaluated on two
axes rather than one. A multicentre cross-
sectional study of 90 mechanically ventilated
patients, vasopressors-dependent patients found
venous congestion in 53 per cent of fluid-
responsive and 57 per cent of fluid-unresponsive
patients. Responsiveness and tolerance are
therefore two independent questions and the
Tank assessment must answer both.!4
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( N N [
PUMP TANK PIPES
LV size & systolic function IVC size / variation Pericardium (tamponade)
RV size, TAPSE, & PLR-AVTI (responsiveness) RV strain £ DVT (PE)
Septal motion, valves Lung B-lines, pleural fluid Pleura (pneumothorax)
LVOT VTI (forward flow) VEXUS / venous Doppler Aorta; SVR-VTI mismatch
- cardiogenic, mixed - hypovolaemia, congestion - obstructive, distributive
| L A J - 2 J

.

-

INTEGRATION - haemodynamic phenotype
- physiology-guided therapy - serial re-scan

The three compartments are examined in a fixed sequence, but interpreted together; no single window is diagnostic in isolation.

Figure 2. The Pump-Tank-Pipes framework for bedside interrogation of the circulation. The three

compartments are examined in a fixed sequence but interpreted jointly; the integration step, not the

individual image, generates the haemodynamic phenotype that determines therapy. Sources: 1419:25.26

Quantifying stroke volume and cardiac
output: the LVOT velocity—time integral

The left ventricular outflow tract velocity—time
integral (LVOT VTI) is the single most useful
quantitative bedside measurement. It is the
distance blood travels per beat and multiplying it
by the outflow tract and heart rate yields stroke
volume and cardiac output. Emergency
physicians with focused training can obtain
optimal VTI measurements in about 78% of
patients, correlating at 0.82 with a certified

sonographer.?8 Because outflow tract diameter

barely changes over hours, serial VTT alone tracks
serial stroke volume, and a VTT and heart rate
only formula correlates more strongly with
thermodilution (r = 0.81) than the traditional
formula (r = 0.70).303" As a bedside rule of
thumb, VTI below about 15 ¢cm indicates a low-
flow state, 18 to 22 c¢m is normal range, and
values above 22 to 25 c¢m with hypotensive
patient point to vasoplegia.’23304 Averaging at
least three beats in sinus thythm and five in atrial
fibrillation keeps the least significant change
between studies to 11-14 per cent (Table 2).2

Table 2. Practical framework for LVOT VTI measurement in the shocked patient?829.30,31,32,33

cotrrection

approximately 20°; do not apply angle

Element Recommended practice Consequence if neglected

Window Apical five-chamber; sample volume 0.5— | Sampling at the valve hinges or tips
1.0 cm proximal to the aortic valve, in the | systematically over-estimates VTI
same position on every repeat study and cardiac output

Doppler alignment Keep the insonation angle below Velocity and therefore stroke

volume are under-estimated as the

cosine of the angle

Number of beats
in atrial fibrillation

23 consecutive beats in sinus thythm; =5

Beat-to-beat variability is misread
as a treatment effect
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suggests vasoplegia

Absolute interpretation | <15 cm low flow; 18-22 cm typical
normal; >22-25 cm with hypotension

Low-output states are missed when

only blood pressure is used

Change interpretation

Treat changes below approximately 11—

14 per cent as within measurement noise

Sputious 'responsiveness' leads to

unnecessary fluid

Cross-sectional area

inner-edge; omit for pure trending

Measure once, mid-systole, inner-edge to | Squaring the radius doubles any

diameter error in the computed

stroke volume

Notes: LVOT, left ventricular outflow tract;
VTI, velocity—time integral. Derived from
validation  and  precision  studies  of

echocardiographic cardiac output measurement.

Fluid responsiveness means the ventricles sits on
the steep portion of the Frank—Starling curve, so
a preload challenge will meaningfully raise stroke
volume. Because roughly half of critically ill
patients are not fluid responsive, guidelines
recommend assessing before continuing fluid
resuscitation.*? Passive leg raising is the most
broadly applicable dynamic tests, reversible and
valid regardless of ventilator synchrony or sinus
rhythm. Across meta-analyses with over 1,000
patients, it showed pooled AUC of 0.91-0.95.3537
Three methodological points determine whether
the test performs as published. The effect must
be measured with a flow variable, not pulse
pressure (sensitivity otherwise falls to 56 to 58 per
cent). It must start from a 45° semi-recumbent,
not-supine (43 per cent of true responders are
misclassified from supine). The haemodynamic

must be measured at its one-minute peak.35-3638
Coupled to LVOT VTI in mechanically
ventilated septic shock, the manoeuvre predicts
responsiveness with an AUC of 0.956 (sensitivity
87.5 per cent, specificity 95 per cent), out-
performing stroke volume variation and pulse
pressure variation.>40

Among the comparative hierarchy of dynamic
tests, the tidal volume challenge (area under the
curve 0.96) and the end-expiratory occlusion test
(0.95) performed best but require controlled
ventilation, passive leg raising is intermediate but
uniquely applicable across ventilation modes and
rhythms, and inferior vena cava respiratory
variation is least reliable (Table 3).363747 In the
FRESH randomised trial, resuscitation guided by
the stroke volume change during passive leg
raising produced a 1.37 L lower fluid balance at
72 hours, less renal replacement therapy (5.1
versus 17.5 per cent) and less mechanical
ventilation (17.7 versus 34.1 per cent) than usual
care in septic hypotension.*!

Table 3. Diagnostic performance and practical constraints of tests used to predict fluid

responsiveness3s36.37.404.47
Test Pooled Usual threshold | Principal constraints
AUC
Tidal volume 0.96 APPV 2 3.5 Requites controlled ventilation without
challenge points spontaneous effort; transient increase of tidal
volume to 8 mL/kg
End-expiratory 0.95 ACO 2 5% Requitres 15-30 s occlusion tolerance; needs a
occlusion precise, continuous flow measurement
Passive leg raising 0.91-0.95 | ACO or AVTI = | Blunted by intra-abdominal hypertension; must
10% start semi-recumbent; measure at peak effect

www.internationalsped.com

414




2026, 41(22s), 405-432 INTERNATIONAL JOURNAL of SPeciaL EpucaTion

Stroke volume 0.88-0.90 | = 12% Invalid with spontaneous breathing, arrhythmia,
variation low tidal volume or low lung compliance

Pulse pressure 0.87 = 12% Same constraints as SVV; performance falls at
variation tidal volume < 8 mL/kg

AIVC (respiratory | 0.82-0.83 | 12-18%
variation) ventilated; >40%
spontaneous

Confounded by intra-abdominal pressure, RV
dysfunction, PEEP; should not be used alone

Mini-fluid challenge | 0.84-0.91 | AVTI = 5-10%

Requires a precise flow measurement able to
detect a small change

Notes: AUC, area under the receiver operating
characteristic curve; CO, cardiac output; IVC,
inferior vena cava; PEEP, positive end-expiratory
pressure; PPV, pulse pressure variation; RV, right
ventricle; SVV, stroke volume variation; VTT,
velocity—time integral. Values pooled from meta-
analytic and umbrella-review sources.

Fluid tolerance and congestion: integrating

lung ultrasound, the inferior vena cava and
VExUS

Fluid tolerance asks whether the circulation and
the organs can accommodate added volume
without incurring congestion-mediated injury.
Venous congestion signals are present in
comparable proportions of fluid-responsive and
fluid-unresponsive ~ patients, a  positive
responsiveness test is a necessary but not
sufficient condition for giving fluid.'47

Lung ultrasound

Lung ultrasound is the most direct sonographic
index of the consequence of over-filling. The
BLUE protocol demonstrated that predominant
A-lines with lung sliding identify obstructive
airway disease (89% sensitivity, 97% specificity)
while diffuse anterior B-lines with sliding identify
haemodynamic  pulmonary oedema (97%
sensitivity, 95% specificity) for an overall correct
diagnosis in 90.5% of patients with acute
respiratory failure. The FALLS protocol extends
this to circulatory failure, once tamponade, RV
enlargement and pneumothorax are excluded, an
A-profile indicates that the lung is still dry enough

for fluid, while the appearance of anterior B-lines

during infusion marks the end-point of fluid
therapy, corresponding physiologically to a
pulmonary artery pressure near 18 mmHg.46-50 B-
lines are a quantitative rather than binary, their
number and spatial extent allow semi-quantitative
estimation of extravascular lung water, the
assessment is reproducible after brief training,
and an expert consensus checklist standardizes
reporting given how much equipmen, position,
zone number, and counting method vary across
studies. Prognostically, B-lines across at least half
of the examined lung fields at 24 hours carry a
more than fourfold increase in 30-day mortality
in cardiogenic shock with reduction over the first
24 hours associated with lower mortality.>!-53

The inferior vena cava

The inferior vena cava remains the most
performed and the most over-interpreted single
measurement in shock. Its respiratory variation
was validated in narrow populations of fully
ventilated, deeply sedated septic patients with
tidal volumes of 8 mL/kg or more, where a
distensibility index above 18% predicted
responsiveness with  90%  sensitivity and
specificity. Performance deteriorates sharply
outside those conditions, a meta-analysis of
twelve studies and 753 patients showed AUC
falling from 0.88 (Tidal volume > 8 mL/kg,
PEEP <5 cmH>0) to 0.70 outside that range and
specificity dropping from 0.94 to 0.68. In
spontaneously  breathing  patients,  high
collapsibility above 40% usually indicates
responsiveness, but low collapsibility does not
exclude it#% A 540 ventilated patients
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multicentre study found the end-expiratory
unobtainable in 22%, a diameter of 13 mm or less
predicting responsiveness and 25 mm or more
predicting non-responsiveness with acceptable
specificity, but 71% of patients fell into an
uninformative intermediate zone with intra-
abdominal pressure acted as a confounder. A
widely cited commentary enumerated ten distinct
situations in which inferior vena cava indices may
mislead, including right ventricular failure, raised
intra-abdominal or intrathoracic  pressure,
forceful spontaneous inspiration and pulmonary
hypertension. The measurement is therefore best
used as one input at its extremes and never as a
standalone determinant of fluid therapy.*>*

Venous excess ultrasound (VExUS)

The VExUS grading system formalises systemic
venous congestion by combining inferior vena
cava calibre with hepatic, portal and intrarenal
veins Dopller wave forms into 0 (none) to 3
(severe) grade, with strong physiological validity
correlated with right atrial pressure (R* = 0.68)
and predicting RAP 2 12 mmHg with an AUC of
0.99 (versus 0.79 for IVC diameter alone). In a
second cohort, VExUS grades of 2 and 3
independently associated with higher RAP,
mPAP, and PCWP with an AUC of 0.90 for RAP
> 10 mmHg in a second.>> Its prognostic

evidence is more heterogeneous: a meta-analysis
of 32 studies and 3,142 patients found moderate-
to-good accuracy for elevated central venous and
right atrial pressures (sensitivity 78-95%,
specificity 80-90%), and in cardiac populations, a
VExUS grade = 2 associated with acute kidney
injury (OR 4.44) and mortality (OR 3.17), yet no
clear association with either outcome in general
critical ill population (OR 1.45 and 1.25,
respectively). A null finding echoed in a 145
patients general ICU cohort with low congestion
prevalence (16% and 6% moderate-to-severe)
and no link to AKI or 28-day mortality.>>” The
most coherent explanation is that VExUS tracks
the interaction between venous return and
cardiac function rather than volume itself.
Patients with the highest scores often have
cardiogenic physiology despite a low fluid
balance, while real volume excess and preserved
cardiac function may score low. The score
remains useful for monitoring decongestion,
where serial scores fall with successful diuresis
and severe congestion has been associated with
worsening renal function, blunted natriuretic
response, diuretic resistance, and higher in-
hospital mortality in acute heart failure. Whether
a VExUS-guided decongestive strategy improves

outcomes, remains the principal evidence gap.>®
60

Table 4. The VExUS grading system and the evidence supporting each component5455,56,57,58

Component Normal pattern Mildly Severely abnormal
abnormal
Inferior vena < 2 c¢m (gate criterion: grading = 2cm = 2cm
cava applied only if = 2 cm)
Hepatic vein Systolic wave larger than diastolic (§ | S <D, both Systolic wave reversed
Doppler >D) below baseline above baseline
Portal vein Continuous flow, pulsatility < 30% Pulsatility 30— Pulsatility = 50%
Doppler 49%
Intrarenal Continuous flow Biphasic (systolic | Monophasic, diastolic-only
venous Doppler and diastolic flow
components)
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Composite
grade

Grade 0—1: no or mild congestion

Grade 2:

moderate

Grade 3: severe congestion

congestion

Grade 3 corresponds to a plump inferior vena cava plus
at least two severely abnormal venous waveforms.
VExUS correlates strongly with right atrial pressure
R? = 0.68; AUC 0.99 for right atrial pressure = 12
mmg) and, in cardiac populations, with acute kidney
injury and mortality; associations are weaker in general
critical care coborts.

Assessment of the right ventricle

Right ventricular dysfunction is common, under-
recognised and disproportionately lethal in
shock: present in 48% of a 393 septic shock
patient cohort scanned within 24 hours and
independently associated with a more than
threefold increase in 28-day mortality (unlike LV
dysfunction, present in 63% but not
independently prognostic). A meta-analysis of 65
studies and 17,008 septic patients confirmed a
peak prevalence of RV dysfunction of 47%
within 48 hours and a relative risk of death of
1.62.1.73 Bedside assessment proceeds in three
layers: Size (RV/LV end-diastolic atea ratio > 0.6
dilated, > 1.0 severe which with systolic septal
flattening defines acute cor pulmonale), function
(TAPSE < 16-17 mm and tissue Dopllet §” < 9.5
cm/s, with TAPSE correlated best with RV EF
among the standard indices (tho = 0.78)), and
Load since RV is exquisitely afterload-sensitive
and interpretable only against the load it faces.6':62

Load assessment is where practice has advanced
most: the ratio TAPSE/PASP ratio as a non-
invasive surrogate of RV—pulmonary arterial
coupling, and independently predicted lower
mortality (Hazard ratio 0.927 per unit) in 1,077
intensive care patient sub-study. A pulmonary
artery acceleration time < 100 ms obtained in
81% of septic patient flags raised pulmonary
vascular resistance when tricuspid regurgitation
velocity was unmeasurable.®263 RV outtlow tract
VTI offers a right-sided analogue of stroke
distance, independently associated with ICU and
six-month mortality in pulmonary embolism.%
Visual grading agrees well with fractional area
changes for experts (kappa 0.73) but only
moderate for novices (0.55), with septal motion
concordance particularly low (0.28). Therefore,
quantitative measurement should supplement
feasible.®
Distinguishing acute from chronic pressure
overload via free-wall thickness, the 60/600 sign,
McConnell’s  sign, and acceleration time

visual estimation wherever

thresholds, changes management directly with
focused cardiac ultrasound is 92-100% sensitive
for pulmonary embolism in patients with
abnormal vital signs. 66-68

Table 5. Right ventricular parameters, thresholds and interpretation in the shocked patient¢!.62.63.64.65.66

Parameter Abnormal Interpretation and caveats View
threshold
RV/LV end- > 0.6 dilated; | With systolic septal flattening defines acute | A4C
diastolic area ratio | > 1.0 severe cor pulmonale; foreshortening inflates the
ratio
TAPSE <16-17mm | Best correlate of RV ejection fraction A4C, M-
among standard indices; angle- and mode

translation-dependent; may be normal in

radial-predominant dysfunction
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Tissue Doppler ' | < 9.5 cm/s Load-dependent; complements TAPSE A4C
Fractional area <35% Reference standard for visual grading A4C
change concordance
TAPSE / PASP < 0.31-0.36 Surrogate of RV-PA coupling; A4C + CW
(or TAPSE/TRV) | mm/mmHg independently associated with ICU Doppler
mortality
Pulmonary < 60-100 ms | Suggests raised pulmonary vascular PSAX /
acceleration time resistance; measurable when TR velocityis | RVOT
not
RVOT VTI Low values Right-sided stroke distance; independently | PSAX /
(context- associated with mortality in critical RVOT
dependent) pulmonaty embolism
McConnell's sign Present Free-wall hypokinesis with apical sparing; A4C
supports acute rather than chronic overload

Notes: A4C, apical four-chamber; CW,
continuous wave; LV, left ventricle; PA,
pulmonary artery; PASP, pulmonary artery
systolic pressure; PSAX, parasternal short axis;
RV, right ventricle;, RVOT, right ventricular
outflow tract; TAPSE, tricuspid annular plane
TR/TRYV,
regurgitation  velocity;  VTI,  velocity—time

systolic  excursion; tricuspid

integral.
Phenotyping shock with POCUS

Phenotyping is the point at which the
examination becomes actionable. Pooled 12
meta-analytic  studies and 1,132  patients
demonstrate an AUC approximately 0.95 and a
negative likelihood ratio of about 0.2 across
subtypes. Obstructive shock shows the strongest
positive likelihood ratio of 40, fitting since it is
the subtype in which delay is least forgivable.>

Hypovolaemic shock

Hypovolemic shock presents a small hyperkinetic
left ventricle with collapsible IVC, a low LVOT
VTI, and an A-profile (sensitivity 0.90, specificity
0.92). This is the one configuration in which fluid
is both responsive and tolerated, though it should
be confirmed with a preload test rather than
assumed.>?>

Cardiogenic shock

The signature is a dilated, hypokinetic left
ventricle, with reduced EF, a low VTI, plethoric
IVC, and bilateral B-lines (sensitivity 0.78,
specificity 0.96). B-lines burden at 24 hours
independently predicts 30-day mortality (hazard
ratio 4.7 in the 185 patient Altshock 2 registry).
Contemporary expert recommendations places
echocardiographic phenotyping and standardised
staging at the centre of management.>>3.76.77

Obstructive shock

Obstructive shock covers three distinct lesions:
Tamponade, Massive pulmonary embolism
(LVOT VTI below 15 cm identifies a pre-
cardiopulmonary-failure), and Tension
pneumothorax. Pooled sensitivity and specificity
for obstructive shock are 0.82 and 0.98,
respectively.>33:66.69

Distributive shock

Distributive shock is largely a diagnosis of
exclusion, a hyperkinetic left ventricle with
normal-to-high ~ VTT  despite  hypotension
(sensitivity  0.79,  specificity  0.96), often
complicated by the coexistence of vasoplegia and
myocardial depression.>?
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Mixed shock and sepsis-induced
cardiomyopathy

Sepsis-induced  cardiomyopathy  is  now
understood as a spectrum encompassing LV
systolic dysfunction (reported in 5-32%), LV
diastolic dysfunction (20-57%), hyperdynamic
systolic states and RV injury (18-79%), occurring
alone or in combination with a U-shaped
mortality relationship in which both EF below
25% (OR 2.75) and an EF of 70% or more (OR
1.70) carry higher in-hospital mortality than mid-
range reference. Meanwhile, hyperdynamic
function alone, present in about 18% of septic
patients, carried more than double the odds of
death.”-2 The practical consequence is that a
'normal-looking' or vigorous left ventricle should
never close the assessment, since it may reflect
profound vasoplegia, occult preload dependence
or unrecognised RV failure. Only the
combination of chamber sizes, flow, tolerance,
and re-scanning distinguishes between these
possibilities.”0.73

POCUS-guided treatment: from image to
prescription

The therapeutic value of the examination lies in
the rules that connect a finding to a presctiption
spanning four categories of decision: whether to
give fluid, whether and which vasoactive agent to
start, whether to remove fluid, and whether a
causal intervention is required. The 2025 ESICM
guidelines provide the scaffolding: assess fluid
responsiveness  before  continuing  fluid
resuscitation, prefer dynamic over static preload
variables, monitor cardiac output or stroke
volume in  non-responders, and  use
echocardiography as the first-line modality to
determine the type of shock.* Fluid decisions
follow the two-axis rule: fluid is given, in 250-500
mlL aliquots with the test repeated after each, only
when the patient is both responsive and tolerant.
Fluid is withheld when unresponsive and

withheld or given only in minimally with early

vasopressor support when the patient is
responsive but intolerant. Non-resuscitation fluid
is equally important, since maintenance solutions
and drug diluents, not boluses, account for the
largest share of cumulative positive balance in
critically ill patients.!*787 Vasoactive decisions
follow the flow measurement: (1) hypotension
with a normal or high VTII and no pump or
obstructive pathology indicates vasoplegia and
calls for early vasopressor initiation to avoid futile
fluid accumulation, (2) hypotension with a low
VTI and a dilated hypokinetic ventricle indicates
pump failure and raises the question of an
inotrope once preload and afterload are
optimized, (3) hypotension with a low VTI and a
small hyperkinetic ventricle indicates preload
dependence, (4) in septic shock with a high-
normal EF and low VTT should raise suspicion of
dynamic LVOT obstruction which inotropes and
further vasodilatation are harmful.19:2025

De-resuscitation decisions follow the tolerance
axis in reverse. In an 400 observational study
across ten ICUs, day-3 fluid balance was an
independent risk factor for 30-day mortality (OR
1.26 per litre) while active deresuscitation to a
negative balance was associated with lower
mortality. Serial VExUS grades falling with
successful decongestion offer a rational, though
not yet outcome-validated, monitoring signal for
the evacuation phase of the ROSE model.!3:60.78
Causal decisions are the most immediately life-
saving and the least contested, including
pericardiocentesis for tamponade, reperfusion
for massive pulmonary embolism,
decompression for tension pneumothorax,
revascularisation for infarct-related cardiogenic
shock, and source control for sepsis. These are
also the decisions in which POCUS most cleatly
changes  practice, repeatedly  uncovered
unsuspected  life-threatening diagnoses and
altered management in one quarter to one half of

patients with undifferentiated hypotension.825

Table 6. From sonographic finding to therapeutic decision®!13.14.19:2578

Dominant finding

Inferred physiology

First-line action and the variable used to
verify it
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Small hyperkinetic LV,
collapsing IVC, VIT < 15
cm, A-profile

Preload dependence

Fluid in 250-500 mL aliquots; verify with
AVTI 2 10% after each aliquot

with chamber collapse

Dilated hypokinetic LV, Pump failure with Inotrope * vasopressor, avoid fluid,
plump IVC, VTT < 15 c¢m, congestion consider decongestion; verify with AVTI
B-profile and B-line reduction

Hyperkinetic LV, VT1 Vasoplegia Vasopressor eatly; verify with MAP and
normal or high, persistent capillary refill rather than with more fluid
hypotension

Circumferential effusion Tamponade Pericardiocentesis; verify with re-expansion

of chambers and rise in VTT

Dilated RV, septal
flattening, McConnell, low

Acute cor pulmonale

Reperfusion pathway; cautious fluid,
noradrenaline, avoid over-filling the RV

RVOT VTI
Absent lung sliding with Tension Immediate decompression; verify with
lung point pneumothorax return of sliding

Responsive but VExUS = 2
or new B-lines

Congested yet

preload-dependent

Minimal or no fluid, early vasopressor,
reassess; consider decongestion once

perfusion is stable

Unresponsive, VExUS = 2,
positive balance

Fluid accumulation

Active de-resuscitation with diuretics or
ultrafiltration; verify with serial VExUS and
perfusion markers

Notes: IVC, inferior vena cava; LV, left ventricle;
MAP, mean arterial pressure; RV, right ventricle;
RVOT, right ventricular outflow tract; VExUS,
venous excess ultrasound; VTI, velocity—time

integral.
Serial reassessment

Shock is a moving target, and a single
examination describes only the instant in which it
was performed. This is the most plausible
explanation for the discrepancy between the
diagnostic and the outcome literature: trials that
used POCUS once, at presentation, largely failed
to demonstrate benefit, while incorporating
ultrasound into routine daily rounds in sepsis has
been associated with lower cumulative fluid
balance, shorter mechanical ventilation, and
shorter ICU stay, and the personalised strategy
tested in ANDROMEDA-SHOCK-2 mandated

repeated assessment within short decision

cycles.6715 Reassessment should be triggered by
events rather than by the clock alone, including
after every fluid bolus, after any change in
vasopressor ot inotrope dose, after intubation or
a change in positive end-expiratory pressure, after
any procedure intended to relieve an obstructive
cause, whenever the clinical trajectory changes,
and at least once daily thereafter. The variables
re-measured should be the same ones on which
the original decision was based, since
interpretating a change requires an identical
measurement technique, the same window, the
same sample position, the same number of
averaged beats.?

Interpretation must respect ~measurement
precision. A change in VT below approximately
11% for a single operator, or 14% between
operators, lies within measurement noise and
should not be treated as a therapeutic effect.
Similatly, capillary refill time has a least significant
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change of about 23 to 25% but responds quickly,
with measurable improvement 6-8 minutes after
the start of a fluid infusion and maximal effect at
10 to 12 minutes, making it a useful rapid
companion signal to the sonographic variables.
Discordance between an improving flow variable
and a static or worsening perfusion marker
suggests macro-to-microcirculatory uncoupling
and identifies a group with higher mortality in
whom further macrocirculatory escalation is
unlikely to help.2229.80

Pitfalls and limitations

Operator dependency is the dominant limitation.
International  training standards distinguish
general critical care ultrasonography, basic and
advanced critical care echocardiography, and the
ESICM has defined a core competency set of
fifteen echocardiographic, five thoracic, and four
abdominal skills. Focused training works: a three-
hour course with five hours practice brought
non-cardiologist ~ residents  good-to-excellent
agreement against experts on binary questions,
and residents averaging 33 transthoracic studies
achieved kappa values above 0.80 against
experienced operators for fluid, inotrope, and
vasopressor decision, though only moderate
agreement pursuing a negative fluid balance.5!-
8385 Competence decays quickly, however, a
review of 31 studies and 1,638 participants
documented deterioration across all competency

domains within 1-12 months, worst for image

acquisition (median —11.8%) and steepest after
courses of four hours or less, consistent with only
a quarter of echocardiograms performed in a
large multicentre cohort meeting national
governance and image-storage standards.”8

Four physiological confounders recur, on top off
frequent acoustic failure. Mechanical ventilation
degrade respirophasic indices outside narrow
tidal-volume/PEEP ~ ranges.  Arrhythmia,
particularly Afib, invalidates them altogether and
requires five-beats for VTI. Raised intra-
abdominal pressure blunts both the IVC and the
passive leg raising signals, and isolated ventricular
dysfunction can render IVC distensibility falsely
reassuring.#-47 Acoustic window fail often and
are under-reported. The IVC was not obtainable
in 22 per cent of ventilated patients in a large
multicentre study, and outflow-tract Doppler
were each unobtainable in about 22% of
ventilated patients in a large multicenter study,
versus 99.6% success for the transoesophageal
SVC assessment. These make resuscitative
transoesophageal echocardiography is safe and
high yield fallback when the transthoracic
window fails in an intubated patient. Above all,
no sonographic finding should be read outside
the clinical context: a plethoric IVC on a high
PEEP, a hyperdynamic ventricle on high-dose
vasopressors, or portal pulsatility in cirrhosis each
mean something the image alone cannot
disclose. 42434574

Table 7. Principal pitfalls, their mechanism and mitigation*3:44:45:40.47.81.84

Pitfall Mechanism Mitigation
Operator Acquisition skill deteriorates within Structured longitudinal training, logbooks,
dependency and months, most after short courses image archiving, periodic re-assessment of
skill decay competence

Poor acoustic

Obesity, ventilation, dressings,
window subcutaneous emphysema

Use subcostal rescue view; consider
resuscitative transoesophageal
echocardiography in intubated patients
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Over-reliance on

Confounded by ventilation, PEEP,

Use only at extremes; combine with flow

indices

the IVC intra-abdominal pressure, RV failure | measurement and venous Doppler; never
as a sole determinant

Invalid Spontaneous effort, low tidal volume, | Prefer passive leg raising, which is valid

respirophasic arrhythmia, low compliance across ventilation modes and rhythms

misread as effect 11-14%

Measurement noise | Least significant change of VTT is

Average =3 beats (=5 in AF); keep
operator, window and sample position
constant

Single-snapshot

interpretation hours

Shock physiology evolves within

Mandate re-scan after every meaningful

intervention

Isolated abnormal
tinding taken as context-dependent

diagnosis

Sonographic signs are load- and

Integrate with history, examination, lactate,

perfusion markers and treatment response

Notes: AF, atrial fibrillation; IVC, inferior vena
cava; PEEP, positive end-expiratory pressure;
RV, right ventricle; VTI, velocity—time integral.

An integrated clinical decision algorithm

The algorithm proposed in Figure 3 sequences
the preceding sections into one operational
sequence. Step 1 excludes the immediately lethal,
immediately reversible obstructive causes, where
POCUS has the highest positive likelihood ratio
and delay is least recoverable. Step 2 quantifies
flow with the LVOT VTI, turning 'which type of
shock?' into 'how much forward flow is there?',
and separating low-flow from high-flow
hypotension. Step 3 asks responsiveness and
tolerance together, generating three actionable
configurations. Step 4 closes the loop by re-
scanning after every meaningful
intervention.*>1%2> Two features set this apart
from earlier protocols: (1) flow measurement is

mandatory, since the vasopressor versus inotrope
choice cannot be made from blood pressure and
chamber appearance alone, (2) tolerance carries
equal status to responsiveness, so a positive
preload test alone never authorises an infusion.
Both derived directly from VTI’s prognostic
value and the demonstrated coexistence of
responsiveness with congestion over half of
patients. 143233

Where the loop fails to restore perfusion across
two or three cycles, escalation to advanced
haemodynamic monitoring, transoesophageal
imaging, mechanical circulatory support and
multidisciplinary shock-team review is warranted.
Consistent with contemporary cardiogenic shock
recommendations emphasizing structured teams
and standardised staging protocols. Persistent
hypoperfusion despite adequate macrocirculatory
targets should itself be treated as a distinct high-
risk, not simply a trigger for further
indiscriminate escalation.227476.77
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Hypot@slon / hypoperfusion (lactate 1, CRT > 3 s, m}ﬂlng)

v

[Immediate resuscitation + focused history = FoCUS within minules]

(PLAX, PSAX, A4C, A5C, subcostal, IVC, lung, eFAST)
.

STEP 1 — Exclude immediately lethal obstructive causes
{ )

— —
Tamponade RV strain + DVT (PE) No sliding + lung point
- pericardiocentesis - reperfusion pathway - decompress

- [STEP 2 — Quantify flow: LVOT VTI (= 3 beats), visual EF, RV sIuJ

1
! \
: LOW flow (VTI < 15 cm) NORMAL / HIGH flow (VTI > 20 cm)
\ small hyperkinetic LV - hypovolaemia with hypotension -+ vasoplegia
| dilated hypokinetic LV -» cardiogenic (distributive phenotype)
+
T Pl
18 | STEP 3 — Fluid responsiveness (PLR- or bolus-induced AVTI = 10-12%)
tz AND fluid tolerance (B-lines, IVC, VEXUS)
i r v
| Responsive + Responsive but ) S
| tolerant NOT tolerant nN 325573::3?‘
\ = give fluid, ~ vasopressor first, i e'?  rekier
| retestafter each small/no fluid, e
| I ¢ reassess )
J v v v
|
| STEP 4 — Re-scan after every meaningful intervention or clinical change:
AVTI, ARV, AB-lines, AVEXUS + ACRT/ Alactate
]

Persisting shock d{spite the loop -» advanced monitoring, TOE, mechanical %ppurl, shock team

Figure 3. Proposed POCUS-guided clinical decision algorithm for the patient with undifferentiated
shock. The sequence is deliberately ordered so that lethal obstructive causes are excluded before flow is
quantified, and so that fluid is authorised only when responsiveness and tolerance are both satisfied. The
dashed line indicates the closed loop of serial reassessment. Sources: 4%14.19.2

4. Discussion whereas the physiology being interrogated

. . . . . evolves over hours; incorporating ultrasound into
The central tension in this field is that diagnostic ’ P &

daily rounds has been associated with lower
performance and demonstrated outcome benefit

cumulative fluid balance and shorter ventilation

have not advanced in step. The diagnostic case is R
and ICU stay. Second, the missing link between

settled: pooled sensitivities of 0.78 to 0.90 and

specificities of 0.92 to 0.98 across shock subtypes, image and action: several protocols specified

what to scan but not what to do with the answer,

areas under the curve of approximately 0.95, a . . .
so the intervention could not plausibly change the

positive likelihood ratio of 40 for obstructive ) ]
exposure that determines outcome, precisely the
gap closed by the FRESH trial, in which acting
on the passive leg raising result reduced fluid
balance by 1.37 L and halved the need for renal

replacement therapy and mechanical ventilation.

shock, a 27.7 per cent reduction in aggregate
diagnostic  uncertainty, and changes in
management in a quarter to a half of patients
examined. The outcome case is not: a meta-
analysis of eighteen randomised trials found a i i ]
probable reduction in 28-day mortality (relative Third, operator heterogeneity: trials rarely report
risk 0.88, 95% confidence interval 0.78 to 0.99),

shorter vasoactive therapy and better lactate

training level, expert-novice agreement is only
moderate  for  several parameters, and

. . . competence decays measurably within months.
clearance with low to moderate certainty, while

the largest and methodologically strongest single Fourth, outcome dilution: mortality in unselected

wrial found no benefit at all 58 hypotensive populations is driven by underlying

disease, and diagnostic tools rarely move such
Four explanations for this dissociation are endpoints in isolation.69:41.6584

supported by the literature and each generates a

. . L A second theme is the reconceptualisation of the
testable prediction. First, dose and timing: most

trials applied POCUS once, at presentation volume question. The field has moved from a

one-dimensional notion of volume status to a
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two-dimensional assessment of responsiveness
and tolerance. The empirical basis is the
observation that congestion signals are present in
53 per cent of fluid-responsive and 57 per cent of
fluid-unresponsive critically ill patients, without
any association with fluid balance or diagnostic
category. This finding invalidates the common
clinical shortcut of inferring tolerance from
responsiveness and provides the physiological
rationale for the parallel-assessment structure
adopted in the algorithm presented here.

Third, the interpretation of venous congestion
indices requires recalibration. The VExUS score
correlates strongly with right atrial pressure and
with pulmonary pressures, and in cardiac
populations it predicts acute kidney injury and
mortality, but in general critical care cohorts these
associations largely disappear. The most coherent
reading, and the one advanced in a recent critical
appraisal, is that VExXUS reflects the interaction
between venous return and cardiac function
rather than volume itself: the highest scores are
frequently found in cardiogenic physiology with
low fluid balance. Used as a measure of the
pressure consequences of filling and as a
monitoring signal during decongestion, the score
remains valuable; used as a proxy for total body
watet, it will disappoint.5+-58

Fourth, the right ventricle deserves the
prominence it has recently acquired. Right
ventricular dysfunction was independently
associated with a threefold increase in 28-day
mortality in early sepsis while left ventricular
systolic dysfunction was not; meta-analytic data
confirm a relative risk of 1.62; and coupling
indices such as TAPSE /PASP carry independent
prognostic information in general intensive care

populations. Because right ventricular failure

inverts the usual fluid logic, additional volume
worsens rather than improves output through
ventricular  interdependence, its  detection
changes management immediately, and its
assessment should be mandatory rather than
discretionary in the shock examination.61-63.73

Fifth, macrocirculatory and microcirculatory
targets  must be  pursued  together.
ANDROMEDA-SHOCK  showed less organ
dysfunction at 72 hours with a capillary refill
time-targeted strategy, its Bayesian reanalysis
found a high posterior probability of mortality
benefit, and ANDROMEDA-SHOCK-2
demonstrated superiority of a personalised
protocol incorporating bedside
echocardiography for a hierarchical composite
outcome. The lesson for sonographic practice is
that flow wvariables should be interpreted
alongside a rapidly responsive perfusion signal,
and that discordance between them is itself
clinically informative.15.21.22.80

This review has limitations. It is a narrative rather
than a systematic synthesis, and although the
search was structured and reproducible, selection
of sources within each domain involved
judgement and is therefore susceptible to
reviewer bias. Publication in English-language
indexed journals was a practical requirement,
which may under-represent work from low- and
middle-income  settings where POCUS is
arguably most valuable given constrained access
to computed tomography and formal
echocardiography. Several key sources are recent
and some are in press, so their conclusions may
be revised. Finally, the algorithm proposed here
is a synthesis of evidence rather than a
prospectively validated instrument; it should be
tested, not assumed.10,26

Table 8. Summary of the principal outcome evidence for POCUS-guided resuscitation in shock6.7.89,1541

Study or synthesis | Design

Population

Principal finding

Basmaji et al., 2024 | SR/MA of 18
RCTs

Adults with shock

28-day mortality RR 0.88 (0.78-0.99);
shorter vasoactive duration; better
lactate clearance; low—moderate

certainty
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= 118)

Atkinson et al., Multicentre RCT | Undifferentiated No difference in survival, length of stay,
2018 (SHoC-ED) (n = 273) ED hypotension CT use, inotrope use ot fluid volume
Shokoohi et al., Prospective ED hypotension Diagnostic uncertainty reduced 27.7%;
2015 observational (n | after initial fluid management changed in 24.6%

Douglas et al., 2020 | Multicentre RCT | Sepsis-associated Fluid balance 1.37 L lower; less renal

(FRESH) n=124 hypotension replacement (5.1% vs 17.5%) and
analysed) ventilation (17.7% vs 34.1%)

Hernandez et al., Multicentre RCT | Early septic shock | Win ratio 1.16 (1.02-1.33) for

2025 (n = 1,467) hierarchical composite, driven by

(ANDROMEDA- shorter vital support

SHOCK-2)

Flower et al., 2024 | Prospective Critical care Echocardiography in 54%; reduced
multicentre admissions with uncertainty or changed management in
observational (n | shock 54% of those scanned; 25% governance
=1,015) compliance

Yoshida et al., 2023 | SR/MA of 12 Shock of any type Sensitivity 0.78-0.90, specificity 0.92—
studies (n = 0.98, AUC = 0.95 per subtype
1,132)

Notes: AUC, area under the receiver operating characteristic curve; CT, computed tomography; ED,

emergency department; MA, meta-analysis; RCT, randomised controlled trial; RR, relative risk; SR,

systematic review.

Table 9. Research agenda arising from this review®15,56,84

Gap

Question to be
answered

Suggested design

Care bundle versus single

Does a mandated serial

Multicentre RCT of a complete bundle with

decongestion reduce AKI,
ventilation days or
mortality?

scan POCUS loop with explicit | protocolised re-scan intervals and
therapeutic rules improve | hierarchical composite endpoints
patient-centred outcomes?

Congestion-guided de- Does VExUS- or lung- Randomised trial with pre-specified de-

resuscitation ultrasound-guided resuscitation triggers and safety stopping

rules for perfusion

Competence thresholds

What operator training
level is required for
POCUS-guided decisions
to be safe and effective?

Trials reporting and stratifying by operator
competence; competence-decay prevention
studies

Right ventricular
phenotyping

Does explicit RV
phenotyping change

Prospective phenotype-stratified
interventional studies using coupling indices
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therapy and outcome in

septic and mixed shock?

Automation and artificial

intelligence

Can Al-assisted
acquisition make VTI
measurement reliable in
the hands of minimally
trained operators?

Randomised interchangeability studies of
Al-guided versus expert acquisition

Low-resource settings

What is the incremental
value of POCUS where
CT and formal
echocardiography are
unavailable?

Pragmatic multicentre trials in low- and
middle-income settings

Notes: Al, artificial intelligence; AKI, acute kidney injury; CT, computed tomography; RCT, randomised

controlled trial; RV, right ventricle; VExUS, venous excess ultrasound; VTI, velocity—time integral.

Conclusion

Bedside echocardiography, embedded within a

multimodal point-of-care ultrasound
examination, is now the first-line imaging
modality for determining the mechanism of
shock, and its diagnostic performance across the
four canonical phenotypes is high and
reproducible. Its greater contribution, however, is
physiological rather than diagnostic: through the
LVOT velocity time integral it quantifies forward
flow, through passive leg raising it converts an
untested assumption about preload into a
measured prediction, and through lung, inferior
vena cava and venous Doppler assessment it
defines whether the circulation can tolerate what
is being given. Right ventricular size, longitudinal
function and coupling identify the phenotype that
carries the highest mortality and that inverts the

usual fluid logic.

The evidence supports a specific conclusion
about how the tool should be used. Fluid
and  fluid
and must both be

responsiveness tolerance  ate
independent questions
answered before any bolus; the choice between
vasopressor and inotrope requires a flow
measurement and cannot be made from pressure
alone; and the examination must be repeated after
every meaningful intervention, since a single
snapshot describes a physiology that will have

changed within the hour. Where POCUS has

been used in this way, as a repeated, rule-linked
physiological test rather than as a diagnostic
photograph, it has reduced fluid exposure,
shortened organ support and, in meta-analysis,
probably reduced mortality.

Recommendations for practice

1. Perform a focused cardiac and lung
ultrasound examination within minutes of
recognising shock, ordered so that tamponade,
acute cor pulmonale and pneumothorax are

excluded first.

2. Measure the LVOT velocity time integral
in every patient in whom the window permits,
averaging at least three beats in sinus rhythm and
five in atrial fibrillation, and record the value so
that later studies can be compared with it.

3. Before every fluid bolus, establish both
responsiveness (passive leg raising from a semi-
recumbent position with a flow variable,
threshold = 10 per cent) and tolerance (lung

profile, inferior vena cava, venous Doppler).

4. Assess the right ventricle explicitly in
every examination: size, TAPSE and, where
obtainable, a coupling index and interpret right
ventricular function against its load rather than in

isolation.61-63

5. Interpret changes against measurement
in VTI below

approximately 11 to 14 per cent as noise, and

precision: treat variations
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keep the operator, window and sampling position
constant across serial studies.

6. Re-scan  after every  meaningful
intervention and at least daily, and treat
discordance between improving flow and static
perfusion markers as a signal of macro-to-
microcirculatory uncoupling rather than as a
reason for further escalation of the same therapy.

7. Escalate to transoesophageal imaging
when transthoracic windows fail in an intubated
patient, and to advanced monitoring and shock-
team review when two or three decision cycles

fail to restore perfusion.

8. Support practice with governance:
structured longitudinal training with logbooks,
image archiving and reporting, and periodic re-
assessment of competence, recognising that

acquisition skill decays within months.
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