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Abstract

Point-of-care ultrasound (POCUS) plays a strategic role
in the diagnostic and therapeutic evaluation of critically
ill patients and, especially, in those who are haemody-
namically unstable. In this context, POCUS allows a more
precise identification of the cause, its differential diag-
nosis, the eventual coexistence with another entity and,
finally, guiding of the therapeutic approach. It implies
a portable use of ultrasound in acute settings covering
different specified protocols, such as echocardiography,
vascular, lung or abdominal ultrasound. This article re-
views POCUS application in the emergency department
or the intensive care unit, focused on severely compro-
mised patients with cardiogenic shock with an emergent
bedside assessment. Considering the high mortality rate
of this entity, POCUS provides the intensivist/clinician with
an appropriate tool for accurate diagnoses and a timely
management plan. The authors propose practical algo-

Introduction

The presence of a cardiogenic shock (CS) represents a
dramaticsituationcharacterizedbysignificantin-hospital
mortality (30-60%), where half of the deaths usually oc-
cur during the first 24 hours of initiation of symptoms. It
is the superlative expression of the acute heart failure
(HF) spectrum, representing 2-5% of cases; therefore,
CS requires an early and precise diagnosis in order to
differentiate from other types of shock and to establish
effective initial treatment.®

In 2020, CS was defined by the Heart Failure Association
of the European Society of Cardiology as a ‘syndrome

rithms for the diagnosis of patients using POCUS in these
settings.
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caused by a primary cardiovascular disorder in which
inadequate cardiac output results in a life-threatening
stateoftissuehypoperfusionassociatedwithimpairment
of tissue oxygen metabolism and hyperlactatemia
which, depending on its severity, may result in multior-
gan dysfunction and death’.® Considering its clinical im-
pact and treatment effects, three evolutionary stages
of CS could be described: pre-CS, CS and refractory CS”
Pre-CS is characterized by hypoperfusion and systol-
ic blood pressure (SBP) >90 mm Hg without circulatory
support, whilst CS is defined by hypoperfusion signs, SBP
<90 mm Hg (>30 min), or the requirement for inotropic
support or an intra-aortic balloon pump to main-
tain SBP >90 mm Hg. Finally, refractory CS is the clin-
ical condition in which hypoperfusion persists despite
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REVIEW Focus on point-of-care ultrasound in cardiogenic shock

the administration of adequate doses of at least two
vasoactive drugs for the treatment of the underlying
aetiology’ (Figure 1).

A relevant issue to highlight is the difference between
pre-CS and so-called ‘normotensive CS'. Both entities
show signs of hypoperfusion without hypotension but, in
the case of pre-CS, there is still no compromise of cellu-
lar metabolism (normal lactate), whilst in normotensive
CS the lactate level is elevated (cellular hypoxia).8
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In 2019, the Society of Cardiovascular Angiography and
Interventionism published a classification of CS that
seeks to account for mortality according to its degree of
severity, which consist of five evolutionary stages, from
patients with risk conditions for developing CS (Stage
A ‘at risk’) to patients with extremely severe CS (stage E
‘extremis’)e (Figure 1).

In a CS setting, point-of-care ultrasound (POCUS) be-
comes the first echocardiographic line of compre-

Figure 1. Diagnostic clinical algorithm in cardiogenic shock.
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precardiogenic shock: corresponds to stage B (beginning) of the SCAI

classification. cardiogenic shock: corresponds to stage C (classic) of the SCAI
classification. Refractory cardiogenic shock: corresponds to stages D (deteriorating)
and E (extremis) of the SCAI classification. Normotensive cardiogenic shock:
characterized by hypoperfusion signs including elevated lactate (differential with
precardiogenic shock) but without hypotension; these patients usually share elevated
vascular resistance with classic haemodynamic signs of cardiogenic shock (low

Cl, high WP). Stage A (At risk): acute cardiovascular disease at risk of developing
cardiogenic shock (ocute inforct); main characteristics: normal blood pressure, Cl >2.5
L/min/m? normal lactate. Stage B (Beginning): relative hypotension or tachycardia
but without hypoperfusion; main characteristics: SBP <90 mm Hg, Cl <2.2 L/min/m?,
lactate <2mmol/L. Stage € (Classic): clinical hypoperfusion that require an immediate
intervention (inotropes/vosooctive agents, mechanical support devices or ECMO);
main characteristics: Cl <2.2 L/min/m?2, WP >15 mm Hg, lactate >2 mmol/L. Stage D
(Deterioroting): stabilization failure despite intense initial efforts and further escalation
is required (more intravenous therapies or additional mechanical circulatory
support); cardiogenic shock not responding to initial supporting therapies (inotropes,
mechanical support devices ECMO). Stage E (Extremis): refractory shock patients

in which circulatory collapse is imminent or presenting cardiac arrest (undergoing
cardiopulmonary resuscitation).

Cl, cardiac index; HF, heart rate; LVEF, left ventricular ejection fraction; SBP, systolic blood
pressure; WP, wedge pressure; hypoperfusion is defined by clinical signs such as cold,
clamped extremities, poor urine output, and mental confusion.

Ruben M, Molinas MS, Paladini H, et al. Drugs Context. 2023;12:2022-5-8. https://doi.org/10.7573/dic.2022-5-8

ISSN: 1740-4398

2 of 13


http://drugsincontext.com
https://doi.org/10.7573/dic.2022-5-8

REVIEW Focus on point-of-care ultrasound in cardiogenic shock

hensive evaluation because it allows the identifica-
tion of the possible underlying aetiology as well as of
its pathophysiology. It provides information on heart
structure, ventricular function and haemodynam-
ic parameters in a non-invasive, portable (bedside)
and timely manner. In addition, POCUS includes other
extremely useful ultrasound protocols (vascular, lung
or deominql) that are relevant when evaluating, for
example, congestion or early signs of organ damage.®

Considering all these benefits, in 2015, the American
Society of Echocardiography proposed echocardiog-
raphy as a key tool for the diagnosis, monitoring and
treatment of critically ill patients in different scenarios. In
consequence, it should be applied in, for example, cardi-
ac and non-cardiac interventions, volume replacement
therapy, control of pericardial effusions, placement or
weaning of ventricular assist devices, and in postoper-
ative controls of cardiac and non-cardiac surgeries.”
In the case of patients hospitalized in the ICU, there are
two different echocardiographic approaches: a basic
one that can be performed by an intensivist, and an ad-
vanced one, which requires a very well-trained operator
(echocardiographer).

The purpose of this narrative review is to present the
advantages and limitations of POCUS protocols in CS. In
addition, some practical diagnostic algorithms are pro-
posed, ranging from basic to advanced approaches. For
the elaboration of this article, the most relevant biblio-
graphic sources (in the authors’ opinion) indexed in Pu-
bMed (written only in English since the year 2000) were
used, searching with the keywords: “cardiogenic shock”,
“ultrasound at the point of care”, “shock”, "hypotension”
and “undifferentiated hypotension”.

Review

Basic POCUS algorithm

A basic POCUS algorithm is proposed based on three
sonographic areas: echocardiography, lug ultrasound
and venous ultrasound.

Echocardiography

Basic echocardiography is an initial step that should
be conducted at the patient's bedside by the intensive
care physician, focusing on a rapid diagnosis, ruling out
major complications, and allowing treatment guidance.
This evaluation is performed with a 2D Transthoracic
Echo and M-mode in five views (left parasternal long
axis, left parasternal short axis, four-chamber apical view,
five-chamber apical view and subcostal view)** (Figure 2).

The analysis of left ventricle function is a capital pa-
rameter to be determined in patients who are unstable
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because it permits us to verify the need for inotropic
support and/or volume replacement. When left ven-
tricular ejection fraction (LVEF) is compromised, myo-
cardial contractility is globally or regionally reduced and
constitutes a strong prognostic marker for CS."?

An initial inspection could bring qualitatively vital infor-
mation by viewing heart chamber dimensions and wall
motion in real time, allowing the establishment of three
degrees of ventricular dysfunction (mild, moderate, se-
vere) However, an objective measurement should al-
ways be considered (advanced studies) and, in this
context, the most recommended method for calculating
it is the Simpson biplane" (Figure 2).

As previously mentioned, the determination of LVEF at
admission is crucial in patients with CS because it rep-
resents a strong prognostic marker.”? In the SHOCK trial,
a LVEF <8% with mild-to-severe mitral insufficiency was
linked with a very high mortality (10% 1-year survival)
compared with patients with LVEF >28% and no or mild
mitral regurgitation (70% 1-year survival).? In a multivari-
ate analysis performed by Jentzer et al, hospital mortality
resulted higher in patients with CS exhibiting LVEF <40%
(versus >40%) at every stage of CS (A—E).?

The analysis of right ventricular (RV) function is also im-
portant, and it should not be overlooked because its
deterioration may also be the basis or favour CS ag-
gravation or perpetuation; this can be due to a prima-
ry lack of contractility (RV infarction) or secondary to a
volume overload (e.g. interventricular septal defects)
or pressure overload (e.g. pulmonary thromboembo-
lism, acute respiratory distress)* (Figure 2). Systolic RV
function can be estimated by measuring tricuspid an-
nular plane systolic excursion, tricuspid S wave veloci-
ty (S') and RV fractional area change. An S’ velocity of
the lateral tricuspid annulus of <11.5 cm/s determines RV
dysfunction in a practical and early way (90% sensitivity
and 85% specificity).

Visually, RV dilation can be estimated by comparing its
dimensions with LV end-diastole dimensions; in healthy
individuals, this RV/LV ratio is <0.6; a ratio of >1 is consid-
ered to indicate severe RV dilatation.

It is extremely important to know RV function in critical-
ly ill patients requiring mechanical ventilation because
hyperinflation can prevent venous return and reduce RV
filling by increasing intrathoracic pressure.®

The determination of the intravascular volume status, in—-
cluding ventricular volumes, is another relevant issue in
patients who are haemodynamically unstable and rep-
resents a real challenge for ICU operators (Figure 2). In
this context, the assessment of LV end-diastolic diameter
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Figure 2. Basic echocardiogram approach.
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Basic echocardiographic examination comprises six classical windows:*"2
- Left ventricular function: visual estimation and, if possible, objective determination (Simpson biplane)
- Valvular examination: mainly focus on mitral regurgitation assessment

- Intravascular volume and preload status: left ventricle, right heart and inferior vena cava examination

- High venous pressure markers: evaluation of large veins (inferior vena cava, internal jugular vein) and detection of
abnormal venous waveforms (portal, hepatic and intrarenal veins)

(myocardial fibre length before systolic contraction)
and of its area and volume could be analysed as indica-
tors of preload status.* For example, the observation of
an obliterated or collapsed LV cavity (‘kissing ventricles’)
can point towards severe hypovolaemia.*

Another relevant parameter of intravascular volume
status is the measurement of the diameter of the inferior
vena cava (IVC) and its grade of collapsibility (Figure 3)
and, in this context, a recent study also showed the im-
portance of adding the right internal jugular collapsibili-
ty to IVC size and collapsibility in estimating an accurate
right atrial pressure.®

A further important issue is a basic but complete exam-
ination of cardiac valves, which requires reasonable but
not necessarily expert skills and, in this setting, the pres-
ence of mitral insufficiency becomes relevant because it
is also considered a predictor of mortality in patients with
CS.2BY |ts severity could reflect closure anomalies of an
ischaemic origin or secondary to ventricular geometry
alterations (increased end-diastolic volume)? (Figure 2).

Figure 3. Venous ultrasound - IVC evaluation.
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The evaluation of the inferior vena cava (IVC)
dimension is used to assess intravascular volume
status by estimating right atrium pressure. An IVC
dimension of 221 mm (at the end of expiration) with
a respiratory collapsibility of <560% is significantly
associated with an elevated right atrial pressure.®
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Aortic pathology can be revealed in the parasternal
long-axis view, where the ascending aorta is observed in
its sinus, sinotubular and tubular portions; this window al-
lows measurement of its diameters and the presence of
dissection flaps or intramural haematomas™® (Figure 2).
In addition, and only by supporting the transducer on the
patient’s chest wall, the presence of pericardial effusion
can be easily evidenced, thus allowing assessment of
whether it is severe (>2 cm) and/or if it has signs of tam-
ponade such as right cavity collapse or an inferior ple-
thoric vena cava with a reduced respiratory variation®?
(Figure 2). Of note, even smaller magnitudes of pericar-
dial effusion but with clinical or echocardiographic signs
of haemodynamic compromise should be treated as
severe.°

A plethoric vena cava has diagnostic and prognostic
value because its association with cardiac tamponade
is highly sensitive (97%) but with a lower specificity (40%)
than other signs such as the collapse of right heart cav-
ities or jugular venous distention (requirement of drain-
age, evolution to constriction, etc.).®

Lung ultrasound

Lung ultrasound (LU) is increasingly recommended in
the management of patients who are severely com-
promised because it is easily accessible and per-
mits a quick evaluation of multiple pathologies. This
tool is a useful complement to transthoracic echo-
cardiography in an acute HF setting that allows as-
sessment of the presence of pulmonary congestion
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or pleural effusion and helps to rule out other clinical
scenarios such as pneumothorax or a pulmonary
consolidation.!#2°

The presence of oedema in lung tissue is manifested
by the finding of B lines or comet tail images (hypere-
choic vertical ortifocts), which should start and extend
from the pleural line, reach the lower edge of the screen,
erase the A lines and, finally, accompany respirato-
ry movements.® The presence of pulmonary oedema
is considered when at least three or more B lines (two
or more intercostal spaces bilaterally) are visualized
(94% sensitivity/92% specificity)*® (Figure 4).

The finding of multiple bilateral B lines in an acute HF
setting has been adequately correlated with elevated
levels of natriuretic peptides but variably in relation to
pulmonary capillary wedge pressure.”® Usually, the num-
ber of B lines decreases with decongestant treatment;
therefore, echocardiography could be useful in moni-
toring pulmonary oedema response to therapy. On the
other hand, hospital discharge of patients who still have
a high number of B lines could be an indicator of poor
prognosis.?

Pleural effusion is another common finding in patients
with HF and is observed as an anechoic space between
both pleural lines (parietal and visceral).?

When using the M-mode through a pleural effusion, a
dynamic change in its size (sinusoidal wave) that ap-

Figure 4. Pulmonary ultrasound.

>
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a | There are several lung ultrasound imaging protocols ranging from 4 to 28 thoracic regions but the simplified 8-zone protocol
is the most widely used. b | Lung ultrasound is more sensitive in detecting pulmonary oedema than clinical examination and
chest radiography and its presence is manifested by the finding of B lines or comet tail images as seen in image.®
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proaches and recedes from the pleural line can some-
times be observed, which is characterized by inspira-
tory decrease (or respirator insufflation) followed by
increased expiratory. This sign is known as the ‘sinusoid
sign’ and is highly specific for pleural effusion, as it can
distinguish even a small pleural effusion from pleural
thickening.??

The lungs are particularly sensible to the adverse ef-
fects of fluid overload and, in this setting, lung conges-
tion has been also correlated with mortality in critically ill
patients.® In 2016, the European Heart Failure Guidelines
included LU as a diagnostic tool for patients with acute
HF (including CS).2

Venous ultrasound diagnostic algorithm

The presence of venous congestion as an expression of
increased central venous pressure and cardiac filling
pressures is a common finding in individuals with CS?*
and, in this context, POCUS represents a widely availa-
ble tool that allows the clinician to obtain both vascular
anatomy and Doppler flow images.?® In this context, the
evaluation of different large veins (IVC, internal jugular)
as well as the detection of abnormal venous waveforms
in certain venous circuits (portol, hepatic and intrarenal)
is useful for the detection of congestion (high venous
pressures).?

In patients with HF, portal pulsatile flow has been shown
to be the best predictor of bilirubin elevation (liver con-
gestion), whereas the detection of abnormal intrarenal
and portal venous flow patterns is connected with a
worse outcome (hospitalization or death).?s
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Therefore, and considering the importance of increased
venous pressures, a venous congestion classification
system was developed to detect hepatic, intestinal and
renal congestion, which is very useful in predicting early
signs of organ damage (postcardiac surgery kidney in-
jury) and to guide fluid management.*

Hepatic veins

The hepatic veins (right, middle and left) are observed as
anechoic tubular structures that converge in the inferior
cava vein. Its normal Doppler appearance is a triphasic
flow pattern reflecting the physiological changes of the
cardiac cycle; there are two negative waves, the S wave
(systolic) and the D wave (diastolic) in a relation $>D fol-
lowed by a small positive (reverse) wave corresponding
to atrial systole. Congestion is considered mild when the
systolic phase is smaller than the diastolic phase (S<D)
and severe when the normal negative systolic phase (S)
turns into positive reverse? (Figure 5).

Portal vein

The portal vein has a normal diameter of 13 mm, which
increases by up to 20% on deep inspiration; its flow is
hepatopetal, slightly undulating, laminar and varies with
respiratory movements (velocity, 20-30 cm/s). Normailly,
there is no pulsatility but, as venous congestion increas-
es, pulsatility increases? (Figure 6). This parameter can
be estimated through the pulsatility fraction (PF), which
is calculated knowing the values of maximum (V__) and

max

minimum velocity (V_ ) by using the following formula:*

/v

max

PF=V v

min

x 100

max

Figure 5. Venous ultrasound - suprahepatic vein flow.
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The normal suprahepatic vein flow has a triphasic pattern with a negative S wave (systolic) followed by another negative
D wave (diastolic) and then, by a small positive or reverse wave corresponding to atrial systole. a | Mild congestive pattern:
when the S wave is smaller than D wave (S<D). b | Severe congestion pattern: when a reverse systolic phase (positive S)

is present.?

Ruben M, Molinas MS, Paladini H, et al. Drugs Context. 2023;12:2022-5-8. https://doi.org/10.7573/dic.2022-5-8 6 of 13

ISSN: 1740-4398


http://drugsincontext.com
https://doi.org/10.7573/dic.2022-5-8

REVIEW Focus on point-of-care ultrasound in cardiogenic shock

drugsincontext.com

Figure 6. Venous ultrasound-portal venous flow evaluation.
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Portal venous flow is hepatopetal, slightly undulating (varies with respiratory movements) and normally it does not present
any pulsatility. Venous congestion is characterized by the presence of pulsatility measured by the pulsatility fraction (PF).2
a | PF: 30—-49% indicates mild congestion b | PF: >50% indicates severe congestion.

where a PF of <30% is considered normal, of 30—-49% is
considered as mild congestion and of >50% is consid-
ered severe congestion.*

Intrarenal veins

This assessment s probably the most difficult because
intrarenal veins are quite small and their localization is
difficult due to the respiratory movements. To find the
interlobar vessels, the ideal corticomedullary junction
is located and intrarenal flow is measured during two
or three cardiac cycles at the end of expiration.®

The intrarenal venous pattern is normally continuous
but, as venous congestion increases, the systolic phase
decreases; mild congestion exhibits a discontinuous bi-
phasic pattern (systolic and diastolic phase) whilst se-
vere congestion presents a monophasic diastolic pat-
tern2 (Figure 7).

The utilization of a single echographic parameter for di-
agnostic and prognostic purposes or to determine flu-
id overload could be very limited in critically ill patients.
Therefore, a multisite ultrasound exploration (IvC, in-
ternal jugular vein, suprahepatic, portal and intrarenal)
can allow the detection of elevated venous pressures;
additionally, these techniques could be complemented
with echocardiography and LU for a more accurate and
better assessment of these patients.24?

Advanced echocardiography
diagnostic algorithm

Advanced echocardiography requires a higher level of
specific training and technique based on the uses of
full-range two-dimensional views and Doppler measure-
ments.® These tools allow a more complex assessment of
ventricular function, valve integrity, intravascular volume
condition, pericardial effusion (tamponade) detection,
and certain hemodynamic parameters such as cardi-
ac output, LV end-diastolic pressure, pulmonary artery
pressures (systolic, mean and diastolic), right atrial pres-
sure, and vascular and systemic resistance' (Figure 8).
Echocardiography allows an indirect and non-invasive
(bedside) estimation of these haemodynamic parame-
ters providing clinical information of similar quality to that
obtained with right heart catheterization.®® In this con-
text, in-hospital mortality was elevated in patients with
the following characteristics: LVEF <40%, cardiac index
<1.8 L/min/m? stroke volume index <35 mL/m? cardiac
power output <0.6 W, or medial early mitral valve inflow
velocity to early diastolic annular velocity (E/e’) ratio 155

Patients in advanced CS stages (C and D) will probably
require more complex therapeutic measures, including
inotropes, mechanical respiratory assistance, or tempo-
rary mechanical circulatory support devices and, in this
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Figure 7. Venous ultrasound - renal venous flow
evaluation.
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Renal venous flow patterns vary as renal
congestion increases:?® a | continuous normal;
b | discontinuous pulsatility; e | discontinuous
biphasic; d | discontinuous monophasic.

context, echocardiogram can provide valuable haemo-
dynamic data for the weaning process.®¥3? For exam-
ple, certain diastolic dysfunction parameters (E/e’ ratio
>14 or a pseudonormal or restrictive transmitral pattern)
are associated with a failure weaning from ventilatory
support.?

In the case of using temporary circulatory assist devices
(venous-arterial extracorporeal membrane oxygena-
tion (ECMO), LV Impella or intra-aortic balloon pump) in
patients with CS (bridge to transplantation or recovery),
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echocardiography can guide device positioning, adjust
control parameters (revolutions per minute), identify
possible complications and assess the optimal weaning
time.? In a bridge to recovery, weaning is recommmended
when ejection fraction is >35% associated with a velocity
time integral of the LV outflow tract >15 cm/s in a context
of a minimum ECMO flow of <1.5 L/min or 1500 rpm.3

The evaluation of RV function by using parameters such
as tricuspid valve tissue Doppler (S tricuspid) and tricus-
pid annular plane systolic excursion as well as estimat-
ing right-sided filling pressure can also be as important
in the weaning process. Kim et al.** suggested evaluating
the improvement of the lateral e and tricuspid annular
S’ velocities to achieve successful device removal; the
improvement of these parameters accounts for biven-
tricular function recovery in patients with CS.337%%

Although there have been advances in the echocardi-
ographic evaluation of weaning from ECMO and other
short-term circulatory assistance devices, such as aor-
tic balloon counterpulsation or Impella, a complete clin-
ical appraisal of these unstable remains the best way
to assess the progression of disease and readiness for
device removal.3®

Discussion

The aetiological identification of CS can be extremely
difficult because many causes exhibit a similar clinical
presentation.®” In this context, the addition of POCUS to its
clinical assessment has been effective in increasing the
diagnostic accuracy in patients with CS.

The first POCUS application in patients showing undif-
ferentiated hypotension was reported in 2001 by Rose et
al. using three different sonographic sites (cardiac, Mor-
ison’s pouch and abdominal aorta)28In 2004, Jones et
al. reported that an immediate incorporation (minute 0)
of an ultrasound protocol versus a delayed one (minute
15) resulted in a more precise aetiological diagnosis of
adult patients (n=184) with symptomatic undifferentiat-
ed hypotension.®

In 2009, Atkinson et al. proposed the ‘ACES’ protocol that
included six ultrasound windows (cardiac, peritoneal,
pleural, IVC and aortic view) in order to shorten the di-
agnosis in patients with undifferentiated hypotension?°
and, in 2010, Perera et al. presented the RUSH protocol
that included an extended multisite evaluation (heart,
IVC, thoracic and abdominal compartments, large ar-
teries and veins) in three steps: ‘pump’, ‘tank’ and ‘pipes’#
Thus, both protocols basically proposed a useful, repro-
ducible and systematized use of ultrasound in patients
with hypotension or CS.
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Figure 8. Advanced echocardiography approach.
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An advanced echocardiography approach involves the analysis of left and right ventricular diameters, walls motility, systolic
and diastolic function, valve structure and function, and haemodynamic measures of volume, pressure and resistance.
Cl, cardiac index; CO, cardiac output; LV, left ventricle; LVEF, left ventricle ejection fraction; RV, right ventricle; SV, stroke volume;
WP, wedge pressure.

Figure 9. Diagnostic accuracy of point-of-care ultrasound (POCUS) versus no-POCUS.
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Systematic review to compare POCUS against standard practice regarding diagnostic
accuracy in patients with undifferentiated shock in the emergency department. In three
studies, the result was statistically significant.*® No-POCUS versus POCUS: Jones et al.,
50% versus 80%; Javali et al., 45% versus 89%; Sasmaz et al., 61% versus 85%; Shookohi

et al, 1% versus 13%. The use of POCUS in patients with hypotension in the emergency
department improved the diagnostic accuracy of the shock type and final diagnosis
when compared to the standard care group.
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In another prospective experience published in 2013,
Volpicelli et al. showed that a clinical diagnosis guided
by POCUS was more accurate considering the final ret-
rospective diagnostic review (Cohen's kappa coeffi-
cient, 0.710; 95% CI 0.614-0.806; p<0.0001) in adult patients
(n=108) presenting symptomatic hypotension of uncer-
tain aetiology.*?

In a further prospective study published in 2015, Ghane
et al. found that the RUSH protocol resulted in a satisfac-
tory concordance between the initial and final diagnosis
(Cohen’s kappa coefficient=0.7; p=0.000) in a cohort of
patients (n=52) with CS. This study also showed that ul-
trasound reached 100% sensitivity for hypovolaemic and
obstructive shock and 91.7% sensitivity for CS with 100%
specificity for all types of shock.*®

In a prospective observational study also published in
2015, Shokoohi et al. showed that the early use of POCUS
in patients with hypotension (n=118) improves diagnostic
guidance. The ultrasound protocol revealed a high de-
gree of concordance with the final diagnosis (Cohen's
kappa coefficient=0.80) and exhibited a significant in-
crease in the final diagnostic accuracy (from 0.8%
to 12.7%) .4

In another prospective experience published in 2017 and
conducted in adult patients presenting with hypotension
or CS, POCUS was also found to be concordant with the
final diagnosis in 85.0% (n=153) of 180 patients included
in the study (p<0.001).4°

An additional prospective experience published in 2018
in patients with CS admitted to ICU (n=100), POCUS ex-
hibited (within 1 hour of admission) an overall good
agreement (Cohen’s kappa coefficient 20.6) with the
clinical diagnosis in identifying the type of shock. In this
cohort, POCUS showed the maximum sensitivity, speci-
ficity, negative and positive predictive values in the set-
ting of obstructive shock.4

drugsincontext.com

In a prospective study published in 2020, Javali et al. high-
lighted the value of adding POCUS to the initial clinical
assessment (n=100). In this study, the combined accuracy
of both was 89% (Cohen's kappa coefficient=0.89) whilst
diagnoses based on clinical assessment alone and PO-
CUS alone were precise in only 45% and 47% of patients.#’

Finally, the diagnostic accuracy of POCUS in patients
with undifferentiated shock was assessed in a very re-
cent (2022) systemic review that included six studies
with a total of 852 patients (mean age varied from 52 to
63 yeors). Two studies were randomized controlled trials,
two had a prospective before—after design, one was a
post hoc analysis (prospective trial) and the last was a
prospective explorative study. The analysis showed that
POCUS improved the general diagnostic quality and
aetiological diagnostic certainty of patients with CS in
comparison with clinical evaluation without using PO-
CUS (Figure 9). No differences were observed regarding
the use of POCUS on volume replacement therapy or in-
otropic management of individuals with CS.#

Conclusion

CS represents the superlative expression of acute HF
clinical presentations and patients with CS have a high
mortality that persists to date even despite the thera-
peutic advanced achieved. In this setting, POCUS is an
invaluable tool to approach individuals with CS in order
to obtain an accurate diagnosis and to favour proper
clinical management. In consequence, we believe that
the emergency department or ICU physician/clinician
should be trained to handle different ultrasound tech-
niques (from basic to advanced ones) to cover different
aspects (diagnosis, prognosis, placement or removal
of temporary mechanical circulatory support devices,
etc.). Therefore, POCUS undoubtedly represents an ef-
fective and advantageous tool in the clinical approach
and management of patients with CS.
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