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Abstract
Purpose of Review This review provides an overview of the
evidence for and current practices incorporating the use of
echocardiography in the intensive care setting. We describe
training and certification for critical care echocardiography
and the use of echocardiography for the assessment of hemo-
dynamics, fluid responsiveness, diagnosis of shock, procedur-
al guidance, and cardiac arrest.
Recent Findings Recent advances have beenmade inmultiple
aspects of critical care echocardiography, including training
and certification, assessment of fluid responsiveness in spon-
taneously breathing patients, and evaluation of undifferentiat-
ed shock.
Summary Echocardiography is increasingly used in the inten-
sive care setting. Its applications and evidence base continue
to expand. Randomized controlled trials are needed to dem-
onstrate that the use of echocardiography improves patient
outcomes.
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Hemodynamics . Fluid therapy . Shock . Heart arrest

Introduction

Echocardiography is ubiquitous in the entire range of contem-
porary intensive care units (ICUs). Use of echocardiography
has grown exponentially over the past two decades. Current
guidelines recommend the use of echocardiography in a wide
spectrum of clinical settings in the ICU [1–4]. This review
addresses the application of echocardiography in adult ICUs.
The use of echocardiography in advanced cardiac support,
including extra-corporeal life support and ventricular assist
devices, is outside the scope of this review. This review will
cover training and certification in critical care ultrasound and
the use of echocardiography for the assessment of hemody-
namics, fluid responsiveness, diagnosis and management of
shock, procedural guidance, and cardiac arrest.

Echocardiography is a versatile and accessible tool in the
intensivist’s imaging toolbox. Echocardiography can be per-
formed at the bedside, does not use ionizing radiation, and
avoids the logistical challenges associated with managing a
critically ill patient with multiple life-support devices in a
radiology suite [5].

Focused critical care echocardiography (FCCE), performed
and interpreted, often serially in rapid succession, by a clini-
cian at the bedside, is becoming commonplace as more clini-
cians are trained in FCCE [6]. Competency in basic FCCE
may even be approaching a new standard of care for contem-
porary intensive care clinicians. Smaller ultrasound equipment
with increasingly high-quality images makes routine use more
feasible than in prior decades. FCCE is generally
complemented by a formal, traditional echocardiogram, per-
formed by a trained sonographer, and interpreted separately by
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a board certified echocardiographer. FCCE is normally inte-
grated with lung/pleural, vascular, and abdominal ultrasonog-
raphy in the assessment and management of critically ill pa-
tients. Rather than perform a complete assessment of cardiac
function, FCCE is used to rapidly answer specific clinical
questions, such as whether a patient is fluid responsive or
has a pericardial effusion. These practical, straightforward
questions of immediate relevance to patient management can
be quickly answered at the bedside without a complete echo-
cardiogram. Transesophageal echocardiography (TEE) is used
with some frequency in the ICU, both for complete and FCCE
examinations. The higher level of training required to perform
TEE, the additional need for equipment cleaning and moni-
toring, and the invasive nature of the procedure, make it a
more cumbersome tool than transthoracic echocardiography
(TTE). However, TEE has excellent image quality and an
indwelling TEE probe can be left in place for 72 h for ongoing
hemodynamic monitoring (turning the probe off between se-
rial examinations but not removing it from the esophagus)
[7•].

Part of the allure of FCCE is the lack of procedural risk
(beyond the minor risk of TEE, echocardiography is essential-
ly risk free as a procedure). However, misdiagnosis is a risk,
especially when a less skilled clinician applies FCCE. The
quality of image acquisition and interpretation are dependent
on operator skill, and clinicians, especially novices, may not
know what they do not know. For example, if a novice echo-
cardiographer notes an epicardial fat pad and believes it to be a
pericardial effusion, they may perform pericardiocentesis in a
patient with severe hemodynamic instability unrelated to
tamponade. The results could be disastrous even though the
TTE procedure itself bore no intrinsic physical risks.
Clinicians must therefore be aware of their technical and con-
ceptual limitations and only apply echocardiography within
the scope of their ability. A commitment to quality assurance
and continuous education is crucial.

Training and Certification

FCCE is a relatively new component of the practice of critical
care medicine. As such, recommendations regarding training
and competency standards have been published only within
the past decade. Expert consensus guidelines do now describe
competency standards in critical care ultrasound. Basic FCCE
is an essential component of critical care ultrasound, along
with pleural/lung, abdominal, and vascular imaging. In these
guidelines, competency standards for FCCE are divided into
basic and advanced categories. Basic FCCE is comprised of a
2D and color Doppler assessment. The basic FCCE practition-
er must be able to qualitatively describe left and right ventric-
ular function as well as identify major abnormalities that may
be life threatening, such as severe hypovolemia, pericardial

tamponade, and severe valvular dysfunction. Advanced com-
petency in FCCE includes quantitative assessments of cardiac
function as well as a complete Doppler exam, similar to tradi-
tional echocardiograms performed and interpreted by cardiol-
ogists [8]. A parallel set of expert guidelines delineates the
required training to achieve the competency standards de-
scribed above. These guidelines recommend that 10 h of train-
ing and the performance of 30 supervised TTEs could support
competency in basic critical care echocardiography. For ad-
vanced critical care echocardiography, 40 h of didactic and
practical training and 150 proctored exams are recommended
as the minimum standard for competency [9].

Formal certification programs for critical care echocardiog-
raphy remain a work in progress. At present, some specialty
societies offer a “certification of completion” for training pro-
grams in critical care echocardiography [10]. French critical
care physicians have been leaders in the field of critical care
echocardiography and France currently has a board certification
program in critical care echocardiography [11]. Anecdotally,
many advanced critical care echocardiographers in North
America have obtained testamur status on the Examination of
Special Competence in Adult Echocardiography (ASCeXAM)
of the National Board of Echocardiography (NBE). The NBE
anticipates a new board examination in advanced critical care
echocardiography by early 2019 [12••].

Hemodynamic Evaluation Using Echocardiography

Perturbations in the cardiovascular and respiratory systems are
a cardinal feature of critical illness. Defining these perturba-
tions and their response to interventions allows for thoughtful
and targeted management of shock and respiratory failure.
Right heart catheterization (RHC), standard of care for de-
cades, allows for direct pressure measurements in the heart
and central vessels. However, it is an invasive procedure and
multiple randomized controlled trials in different clinical set-
tings have not shown benefit [13–18]. Nevertheless, echocar-
diography can be used to estimate pressures in the heart
(Table 1). Unlike a RHC, FCCE does not have associated
procedural risks and provides functional and diagnostic infor-
mation in addition to pressure estimates. These attributes raise
the possibility that FCCE may be beneficial in hemodynamic
evaluation and management of ICU patients, although such
benefits remain to be demonstrated in randomized controlled
trials.

The challenge for researchers and clinicians will be ascer-
taining how to best employ hemodynamic information obtain-
ed from FCCE to actually improve patient outcomes. At the
present time, there is insufficient data that demonstrates a
meaningful benefit from echocardiography-guided manage-
ment of the critically ill patient. Prospective controlled trials
are essential to ensure that the rapid growth in the use of

39 Page 2 of 12 Curr Cardiovasc Imaging Rep (2017) 10: 39



critical care echocardiography translates into improved patient
outcomes. We acknowledge the relative lack of such con-
trolled trials in general echocardiography as well; critical care
echocardiography is not uniquely limited in its evidence base.

Central Venous Pressure

Central venous pressure (CVP) may be measured by RHC or
central venous catheter. CVP, equivalent to right atrial pres-
sure, has been used in the ICU extensively, albeit somewhat
less recently on the basis of evidence suggesting that CVP
does not predict fluid responsiveness [19]. Current guidelines
estimate CVP using inferior vena cava (IVC) diameter, mea-
sured just proximal to the cavoatrial junction at end-expira-
tion, in conjunction with collapsibility when the patient sniffs.
Based on these parameters, CVP is estimated to be in one of 3
ranges, 0-5, 10-20, or indeterminate (often estimated at
8 mmHg) [20].

Pulmonary Artery Pressure

Non-invasive measurements of pulmonary artery pressure are
commonly used to screen for the presence of pulmonary hy-
pertension. The right ventricular systolic pressure (RVSP) is
estimated from the tricuspid regurgitant (TR) jet peak velocity
using a simplified Bernoulli equation. Unless there is signifi-
cant pulmonic stenosis, the RVSP is identical to the pulmo-
nary artery systolic pressure. Several studies have shown good
correlation with this method and direct pressure transduction
measurements [21–23], although some suggest limitations of
this technique, especially due to variations in the CVP esti-
mate [24]. Importantly, this method cannot be performed in
the absence of tricuspid regurgitation. Mean and systolic pul-
monary artery pressure may also be estimated using pulmo-
nary acceleration time. The benefit of this method is that it
does not require a tricuspid regurgitant jet [20, 25, 26].

Left Atrial Pressure

The left atrial pressure (LAP), historically measured by the
pulmonary artery occlusion pressure, is usually equivalent to

the left ventricular end-diastolic pressure (LVEDP). An elevat-
ed LAP may indicate the risk of hydrostatic pulmonary edema
[27–29]. LVEDP can be estimated echocardiographically using
the ratio of E/e’ (Fig. 1). Conceptually, the E/e’ ratio combines
the velocity of early left ventricular diastolic filling (highly load
dependent) and the rate of early myocardial relaxation (relative-
ly load independent). This method is generalizable to patients
with an EF < 50% who are in sinus rhythm or patients who
meet criteria for diastolic dysfunction [30–32]. Unfortunately,
studies have not demonstrated the capacity of this ratio to pre-
dict fluid responsiveness in patients, although there is some
suggestion that particular patterns of E/e’ may be associated
with mortality [33].

Fig. 1 The ratio of the peak velocity of the pulse wave Doppler mitral
inflow E-wave (a) and the peak velocity of the mitral annulus tissue
doppler e’ wave (b) determines the E/e’ ratio. E velocity is obtained by
pulse wave Doppler of the mitral valve inflow at the mitral valve leaflets
during maximum excursion (c) and e’ velocity is obtained by tissue
Doppler of the medial (shown in d) or lateral mitral annulus

Table 1 Right heart catheter
measurements and comparable
echocardiographic parameters

Right heart catheter measure Echocardiographic parameter

Central venous pressure IVC diameter and collapsibility

Right ventricular systolic pressure Peak tricuspid regurgitant velocity converted to a pressure gradient
using the simplified Bernoulli equation plus estimated
CVP—or—pulmonary acceleration time

Left atrial pressure (pulmonary artery
occlusion pressure)

E/e’ ratio

Stroke volume/cardiac output Left or right ventricular outflow tract velocity time integral multiplied
by the cross sectional area to calculate stroke volume, then multiplied
by heart rate to obtain the cardiac output
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Cardiac Output

The assessment of cardiac output is important among ICU
patients. There are multiple ways of measuring cardiac output,
including indicator dilution methods (whether via RHC or
other technology), the Fick equation, bio-impedance/bio-reac-
tance devices, and echocardiography (Simpson’s biplane
method of disks or ventricular outflow tract velocity time in-
terval). Indicator dilution methods and the Fick method re-
quire invasive devices. Bio-reactance/bio-impedance devices
or pulse contour analysis methods may require costly, special-
ized equipment. Echocardiography, on the other hand, is
widely available and non-invasive. Echocardiographic and
RHC measurements of cardiac output appear to have good
correlation, although precision has not been high in most trials
[34–39].

Fluid Responsiveness

The assessment of fluid responsiveness is a significant chal-
lenge in the management of circulatory failure. Fluid respon-
siveness is defined as an increase (≥ 10–15%) in stroke vol-
ume after intravascular volume expansion. Excessive fluid
resuscitation is associated with respiratory and renal failure
and other adverse outcomes [40–43]. The two goals of
assessing fluid responsiveness are [1] to identify which pa-
tients will increase their stroke volume in response to volume
expansion and [2] to avoid administration of fluid to patients
who will not increase their stroke volume. The ideal metric to
measure fluid responsiveness would be a quick, cheap, and
easily repeatable test, validated across a broad spectrum of
clinical contexts that requires minimal operator skill.

Various techniques are currently employed to predict fluid
responsiveness. Historical static measures, such as CVP or
pulmonary artery occlusion pressure, do not predict fluid re-
sponsiveness [19, 44, 45]. Dynamic measures, which assess
the physiologic response to a rapid change in preload, predict
fluid responsiveness more reliably. This change in cardiac
preload may be induced by respiratory variation in intratho-
racic pressure, a passive leg-raise maneuver [46•], the rapid
administration of a fluid bolus [47, 48], or an expiratory oc-
clusion test [49]. The passive leg-raise maneuver is performed
by moving a semi-recumbent patient to a supine position with
the legs raised to 45°. This mimics a fluid bolus by increasing
the return of lower extremity and abdominal venous blood to
the heart. The expiratory occlusion test is performed by paus-
ing mechanical ventilation at end-expiration, which results in
a transient increase in preload. FCCE can be used to evaluate
the physiological response to these preload challenges by
assessing variation in vena cava diameter (SVC or IVC) or
measuring changes in stroke volume. Some dynamic mea-
sures are limited to patients who are passively mechanically

ventilated, i.e., not making respiratory efforts. Some are lim-
ited to patients in sinus rhythm. Others, primarily the passive
leg raise, rapid administration of fluid and the expiratory oc-
clusion test, can be performed in the majority of patients [50].

Respiratory variation in inferior vena cava diameter is eas-
ily and quickly measured in most patients (Fig. 2). Two stud-
ies have demonstrated that respiratory changes in IVC diam-
eter (with thresholds of 18 and 12%, respectively) predicts
fluid responsiveness in mechanically ventilated patients [51,
52]. Superior vena cava distensibility of 36% has also been
validated as a predictor of fluid responsiveness [53]. On the
basis of current evidence, these measures of caval collapsibil-
ity or distensibility require that patients be passively mechan-
ically ventilated.

The assessment of fluid responsiveness in spontaneously
breathing patients has proven a greater challenge. Passive,
positive pressure mechanical ventilation administers a rela-
tively fixed change in intrathoracic pressure during the respi-
ratory cycle. Spontaneously breathing patients—whether me-
chanically ventilated or not—may have insufficient, excessive
or variable respiratory effort and thereforemay not predictably
change cardiac preload during the respiratory cycle. However,
Corl et al. recently showed that an IVC diameter variability of
25% predicts fluid responsiveness in spontaneously breathing
patients with a sensitivity of 87% and a specificity of 81%
[54••, 55].

Echocardiography can be used to measure the stroke vol-
ume before and after a passive leg-raise maneuver or fluid
bolus to determine fluid responsiveness [46, 56]. The limita-
tions of this technique are sonographic skill and the longer
time required to obtain measurements, as compared to vena
cava analysis. The advantage is the lack of reliance on passive
mechanical ventilation.

Fluid responsiveness, as defined by an increase in stroke
volume, is admittedly an intermediate outcome. Multiple ran-
domized controlled trials comparing perioperative fluid man-
agement with stroke volume optimization to non-stroke vol-
ume guided management demonstrate decreased hospital
length of stay and morbidity [57–64]. These results may or
may not generalize to the overall ICU population. One before-
after trial showed improved mortality and decreased renal in-
sufficiency using an echocardiography-guided fluid and
inotrope protocol in ICU patients [65••]. While this prelimi-
nary data is intriguing, it is subject to the limitations of histor-
ical controls. Prospective, randomized controlled trials are
needed to determine whether echocardiographic-guided fluid
management improves patient outcomes.

Diagnosis and Management of Shock

Shock is a state of tissue hypoperfusion that results in vital
organ damage [66]. An accurate diagnosis of the cause of
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shock is essential for appropriate management. Differentiating
among the types and causes of shock can be challenging in a
rapidly decompensating patient. Undifferentiated or multifac-
torial shock is a common clinical scenario in the ICU.
Echocardiography can help determine the presence or absence
of LV failure, cor pulmonale, pericardial tamponade, severe
hypovolemia, and other causes of shock.

Undifferentiated Shock

Multiple ultrasound protocols have been developed for the
evaluation of undifferentiated shock. Most of these protocols
combine FCCE with other body ultrasound, including
lung/pleura, vascular, and abdominal imaging [67–70].
Multiple studies have suggested that the use of echocardiog-
raphy in the setting of undifferentiated shock changes man-
agement [6, 71, 72•, 73, 74, 75]. However, a change in man-
agement does not necessarily result in a benefit to the patient.
Studies are needed to examine the impact of FCCE protocols
on patient outcomes.

Common causes of shock, their typical echocardiographic
findings and current clinical use of echocardiography are pre-
sented below. In addition to the syndromes described here,
other abnormalities that may cause shock can be identified
using echocardiography. These include, but are not limited
to, acute valvular dysfunction, intracardiac masses, and hyper-
trophic obstructive cardiomyopathy or related causes of dy-
namic outflow tract obstruction.

Left Ventricular Failure

Severe LV failure may occur in a multitude of clinical con-
texts. Ischemic heart disease, non-ischemic cardiomyopathies,
global hypoxemia, and toxic/metabolic derangements may all
cause LV failure that results in shock. Calculation of the ejec-
tion fraction (EF) by Simpson’s biplane method of disks is

currently the most common echocardiographic metric for the
assessment of global LV function [76]. This method can be
time-consuming and technically challenging depending on
image quality. Visual estimation of LVEF, which can be ob-
tained rapidly at the bedside, has been shown to closely cor-
relate with the calculated EF, both by expert readers [77, 78]
and non-expert readers [79–81]. Visual estimation is likely a
more practical approach to the estimation of EF in a decom-
pensating patient, when qualitative rather than quantitative
estimates may be more relevant.

Acute Cor Pulmonale

Acute cor pulmonale (ACP) is common in the ICU.
Pulmonary embolism (PE) and acute respiratory distress syn-
drome (ARDS) are two of the more common etiologies of
ACPmanaged by intensivists [82]. Echocardiographic param-
eters that are used to establish the presence of cor pulmonale
include RV to LV end-diastolic area ratio > 1.0, [83], eccen-
tricity index > 1 (D-shape of the interventricular septum) [84],
RV fractional area change < 35%, tricuspid annular plane
systolic excursion < 16mm, and RVSP > 35 mmHgmeasured
from the tricuspid regurgitant jet [20]. Right ventricular hy-
pertrophy and trabeculation may help differentiate between
acute and chronic cor pulmonale [85].

Echocardiography plays a complex role in the diagnosis of
PE. Contrasted computed tomographic imaging and
ventilation-perfusion scans are the indicated tests for the diag-
nosis of PE. However, patient instability, renal insufficiency or
pulmonary parenchymal disease may prohibit these modali-
ties. In these situations, echocardiography can be used as
supporting evidence for the presence or absence of PE, but
rarely can make the diagnosis on its own. Thrombus in transit
may occasionally be seen directly on TTE, however the sen-
sitivity of TTE for the diagnosis of PE is poor [86–88]. Two
particular patterns of RV dysfunction, the “McConnell sign”

Fig. 2 A subcostal view of the
IVC at end-expiration (left) and
during inspiration (right) in a
spontaneously breathing patient.
This patient’s IVC collapsed
35%, which in the context of
circulatory failure would predict
fluid responsiveness
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[89] and “60–60 sign” [90] have been described as specific to
PE as compared to other causes of acute RV dysfunction. The
McConnell sign refers to right ventricular free wall
hypokinesis with apical sparing. The 60–60 sign refers to a
right ventricular acceleration time ≤ 60ms in conjunction with
a tricuspid regurgitant pressure gradient of ≤ 60 mmHg.
Despite initial promise, the McConnell sign was subsequently
found to only have 33% specificity for PE when compared to
RV infarction. Its primary utility at present is in distinguishing
acute from chronic cor pulmonale rather than indicating the
reason for the cor pulmonale [91]. A subsequent evaluation of
the 60–60 sign found a specificity of only 69%, much lower
than the original 94% reported [92]. Future studies may incor-
porate combinations of these signs and other indices of RV
failure to develop more specific echocardiographic parameters
for the diagnosis of acute PE. At present, TTE is neither sen-
sitive nor specific for the diagnosis of acute PE. TEE has
better sensitivity (Fig. 3), ranging from 77 to 97% for central
PE (“saddle embolus”), but is not sufficient for detecting acute
PE in general [88, 93–95]. Nazerian et al. found a sensitivity
for PE of 90% when echocardiography was combined with
vascular and lung ultrasound in patients with a Well’s score
> 4 and a positive d-dimer [96]. These results merit external
validation to support this as a possible method for the diagno-
sis or exclusion of PE.While echocardiography can only rare-
ly make the diagnosis of acute PE, the absence of ACP on an
echocardiogram suggests that massive PE is unlikely to be the
cause of shock.

In terms of risk stratification, echocardiographic findings of
ACP portend a worse prognosis in the setting of acute PE
[97–100]. Thrombolysis decreases mortality in massive PE,
which is defined as PE causing systemic hypotension [101]. PE
that causes right heart dysfunction without causing systemic hy-
potension is commonly referred to as a submassive PE. The

PEITHOS trial, which is the largest and most robust trial exam-
ining thrombolysis for submassive PE, found that thrombolysis
did not impact patient mortality [102]. A meta-analysis of 16
trials that studied thrombolysis for PE suggested a possible mor-
tality benefit associated with thrombolysis in submassive PE
[103]. Echocardiography may be used as a prognostic indicator
in the setting of acute PE, but at present, there is insufficient
evidence that echocardiographic findings can be used to guide
management and impact patient outcomes.

ACP is a complication in 20–25% of cases of ARDS, with
higher incidence when more severe [104]. When severe, ACP
may be associated with increased mortality [105–107]. Risk
factors for the presence of ACP complicating ARDS include
pneumonia as the cause of ARDS, driving pressure
≥ 18cmH2O, PaO2/FiO2 ratio < 150 and PaCO2 ≥ 48 mmHg
[106]. TEE-guided “right ventricular protective”management
of ARDS has been proposed as a method to decrease mortality
in severe ARDS. This strategy entails targeted ventilator man-
agement and consideration of prone position to decrease the
plateau pressure, improve oxygenation, and decrease PaCO2

[108]. Clinical trials are needed to study the efficacy of RV
protective ventilation. Currently, echocardiography can be
used to help differentiate acute cor pulmonale from other
causes of shock in patients with ARDS.

Pericardial Tamponade

Pericardial tamponade is an important, albeit less common,
diagnostic consideration in patients with undifferentiated
shock. Definitive management requires pericardiocentesis or
equivalent drainage. The prevalence of pericardial tamponade
in undifferentiated shock is not well described. A history of
trauma or a cardiac intervention often provides a clue that
tamponade may be present. However, tamponade can be a

Fig. 3 A transesophageal
echocardiogram view of a clot-in-
transit
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complication of infectious, inflammatory, uremic, or neoplas-
tic diseases and therefore may present more subtly. These
subtle presentations are when echocardiography becomes an
indispensible tool for diagnosis [109]. Characteristic echocar-
diographic findings of tamponade include the presence of a
pericardial effusion, plethoric IVC, right ventricular diastolic
collapse, right atrial systolic collapse, septal bounce (neither
sensitive nor specific), > 60% inspiratory decrease in tricuspid
peak E-wave velocity, and a > 30% inspiratory decrease in
mitral peak E-wave velocity [110]. The pulse wave Doppler
interpretation for inflow velocity variability is part of ad-
vanced FCCE, but establishing the presence of a pericardial
effusion, looking for right sided collapse and IVC plethora
using 2D ultrasound are essential skills for even basic FCCE.

Hypovolemic Shock

Hypovolemic shock occurs in the setting of hemorrhage or
excessive intestinal, urinary, or insensible fluid losses.
Echocardiographic findings in severe hypovolemia may in-
clude a small and collapsible IVC, supranormal LVEF, com-
plete collapse of the LV during systole (“kissing walls”), small
LV end-diastolic area, and dynamic intraventricular outflow
obstruction [111]. Hypovolemia may complicate other types
of shock, so not all of these findings will necessarily be pres-
ent in the hypovolemic patient.

Septic Shock

Abroad spectrum of cardiac dysfunction is associatedwith septic
shock. Worse LV strain, LV systolic and diastolic dysfunction,
andRV systolic and diastolic dysfunction have all been described

in patients with sepsis [112•, 113, 114, 115]. Septic shock can be
complicated by cardiogenic shock when the cardiac dysfunction
induced by the septic milieu is severe. Given the array of hemo-
dynamic profiles seen in the septic patient, echocardiography
may be used in the context of septic shock to help delineate the
particular hemodynamics of an individual patient.
Echocardiography-guided fluid and vasoactive medication pro-
tocols are being studied presently [116], but as of yet there is only
preliminary data that they may be efficacious [65].

Procedural Guidance

Ultrasound guidance is used for most bedside procedures in
the ICU in the contemporary environment. It is considered
standard of care for central venous catheter insertion
[117–119] and is used commonly for arterial catheter place-
ment, thoracentesis, paracentesis, and even confirmation of
tube placement after endotracheal intubation [120].
Echocardiography specifically can be used to guide the place-
ment of central venous catheters (CVC) and pulmonary artery
catheters [121]. Visualization of the guidewire in the right
atrium confirms correct guidewire placement prior to dilation
of the vessel (Fig. 4). Injection of saline through an internal
jugular, subclavian, or femoral CVC with subsequent echo-
cardiographic visualization of bubbles in the right atrium
within 2 s is likely another sensitive method to confirm appro-
priate catheter placement [122, 123]. Very large sample sizes
are needed for studies of catheter misplacement because of the
low rate of occurrence, so the precise sensitivity of this meth-
od is unknown and will likely remain so. Raman et al. describe
a technique using real-time echocardiography during CVC

Fig. 4 A bright guidewire is
identified in the right atrium
during central venous catheter
placement. Visualization of the
guidewire in the right atrium
ensures correct placement prior to
dilation of the vessel
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placement to confirm precise catheter placement at the junc-
tion of the right atrium and superior vena cava. When com-
bined with lung ultrasound to rule out pneumothorax, this
technique may obviate the need for post-insertion chest x-
ray and decrease the time between insertion and catheter use
[124•]. One challenge of real-time echocardiography during
catheter placement is the need for two skilled operators during
the procedure. One operator is sterile and placing the catheter,
while the other operator is non-sterile and must be able to
obtain an adequate echocardiographic view.

Cardiac Arrest

Echocardiography has emerged over the past decade as a di-
agnostic and prognostic tool for use during advanced cardiac
life support (ACLS). Current guidelines make a IIb recom-
mendation that echocardiography can be considered for use
during ACLS [125]. The primary treatment of pulseless elec-
trical activity (PEA) and asystole is the correction of reversible
causes of cardiac arrest. It may be difficult to diagnose hypo-
volemia, pericardial tamponade, severe RV failure, and severe
LV failure at the bedside without additional diagnostic testing.
Echocardiography can aid in the diagnosis of all of the above
causes of cardiac arrest.

Several prospective trials, in various clinical contexts, have
shown that echocardiography can successfully be used during
ACLS to identify reversible causes of cardiac arrest
[126–128]. One small trial, using historical controls, found a
survival benefit when echocardiography was used in conjunc-
tion with end-tidal capnography to change the ACLS protocol
and administer vasopressin [129]. Additional trials are needed
to solidify the ability of echocardiography to assist with diag-
nosis and management during ACLS.

The presence of mechanical cardiac activity seen with FCCE
can help predict outcomes following ACLS [130•]. A recent
meta-analysis suggested that the absence of cardiac activity seen
with ultrasound has a negative likelihood ratio of 0.06 (95% CI
0.01–0.39) for predicting ROSC [131]. This suggests that the
absence of cardiac activity on ultrasound is a strong predictor
of death after ACLS efforts. This may be used as one data point
in the decision to terminate resuscitation efforts.

Multiple protocols have been proposed for echocardiogra-
phy during ACLS [132–134]. In our experience, the “focused
echocardiographic evaluation during life support” (FEEL)
protocol is the favored approach [132]. The FEEL protocol
is a structured approach to obtaining a subcostal view during a
pulse check without prolonging breaks between compres-
sions. The imperative in the use of echocardiography during
ACLS is to not interrupt chest compressions, which are
known to be strongly associated with improved outcome
[135].

Conclusions

Echocardiography has exploded into the world of the ICU
over the last two decades. It is a promising tool to help prac-
titioners who care for the critically ill understand the diagno-
ses and hemodynamics affecting the individual patient.
Prospective trials comparing echocardiography-guided man-
agement versus non-echocardiography-guided management
in specific clinical situations will enhance how practitioners
use echocardiography to positively impact patient outcomes.
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