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Abstract

Introduction The primary challenge in the initial assess-
ment of a patient with undifferentiated shock is to quickly
identify and treat any reversible causes of shock. Bedside
ultrasound provides real-time information that can assist
with the achievement of this goal; as a result, it has gained
widespread popularity in the field of critical care and
emergency medicine. Many researchers have suggested
that the use of a simple ultrasound approach to guide the
management of these patients would reduce the morbidity
associated with delayed or inappropriate treatment and
would result in better outcomes.

Purpose With the goal of optimizing early management
of critically ill patients, we describe in this article an
algorithm based on simple clinical questions that combines
the information provided by lung, cardiac and inferior vena
cava ultrasonography.
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Conclusions The advantages of this approach, in addition
to efficiency, include easy reproducibility and standardi-
zation for teaching purposes and clinical trials.
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Introduction

Point-of-care ultrasound is rapidly changing the way we
assess critically ill shock patients and has become a fun-
damental tool in the emergency and critical care depart-
ments. It provides the real-time information that can
otherwise be difficult to obtain with the “traditional”
physical examination alone [1-3]. There are some data to
suggest that point-of-care ultrasound could have an
immediate impact on the management of shock by allow-
ing faster diagnosis [4], which might prove to be invaluable
in such a time-sensitive situation. It is therefore not sur-
prising that some authors have proposed protocols for
bedside ultrasound in cardiac arrest (FEER, PEA protocol)
[5, 6], shock (UHP, Trinity, RUSH, FATE protocols)
[7-10] or respiratory failure (BLUE protocol) [11].
Although no scientific evidence yet exists to support the
use of one over any other, it is reasonable to assume that an
algorithmic approach simplifying the use of ultrasound
could lead to better and more efficient management of
undifferentiated shock. Such an approach that integrates
the concepts of the BLUE protocol, FOCUS cardiac exam
and the EFAST protocol will be presented here. We believe
that, given the intimate relationship among extra-vascular
lung water, left ventricular (LV) function and the volume
status in shock states, the combination of lung and cardiac
ultrasonography with the EFAST exam has an added
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advantage over echocardiography or EFAST alone in
undifferentiated shock patients. It may also prove to be a
step forward from the “traditional” physical examination
done for this condition.

Our approach is meant to complement the history,
physical exam and accepted management of these patients.
It has the advantage of addressing plausible pathologies in
a predetermined specific sequence designed to simplify
clinical reasoning. We believe this can facilitate the
interpretation of the important ultrasound findings often
encountered in this stressful situation. In the next sections,
we will present the EGLS algorithm and later discuss its
specific ultrasound components.

The EGLS algorithm

We propose, along with the corresponding ultrasound findings
and implied management, a sequence of five questions
designed to quickly identify and treat pathologies that have a
characteristic “ultrasound signature” (Table 1). These ques-
tions are as follows (Fig. 1): (1) Is there a pneumothorax? (2)
Is tamponade present? (3) Is the patient hypovolemic? (4) If
poor LV function is noted, is it the main cause of shock? (5)
Are there signs of right ventricular (RV) strain? The EGLS
algorithm is designed to answer these questions in that specific
order (i.e., specific ultrasound signs are sought in a particular
order), which respect the “airway-breathing—circulation”
sequence. The questions of the algorithm are organized to
generate simple binary (“yes/no”) answers, which we think is
essential for point-of-care ultrasound to be clinically relevant
to the non-expert sonographer caring for unstable patients.
The examination sequence proposed to answer these
questions begins with the lung views to rule out pneumothorax

Table 1 Etiologies of shock and associated ultrasound findings

Diagnosis Associated ultrasound findings

Tension pneumothorax Abolished lung sliding, no B-lines

Tamponade Pericardial effusion with RV and
RA diastolic collapse, plethoric
IVC, dynamic LV

Hypovolemia Hyperdynamic LV, IVC collapse,

clear lungs

Dilated RV, “D-shape left
ventricle, paradoxical septal wall
movement, plethoric IVC

Massive pulmonary embolism

Poor LV function associated with
B-profile and plethoric IVC if
cardiogenic shock

Myocardial infarction

Could be associated with
depressed cardiac function

Toxicological, electrolyte
abnormalities, acid—base
disorders

RV right ventricle, RA right atrium, LV left ventricle, /VC inferior
vena cava
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and identify the lung profile, followed by the subcostal
window (four-chamber view and IVC assessment) to rule out
tamponade, estimate fluid status and assess qualitative
cardiac function. At this point, the clinician will often be able
to confidently estimate the volume status of the shock
patient. The next step of the ultrasound examination depends
on whether the patient is deemed hypovolemic or not. In
cases of hypovolemic shock, one should expect clear lungs
(i.e. no B-lines) associated with a hyperdynamic LV and a
collapsible IVC. If this is the case, only limited additional
crucial information can be gained from a complete cardiac
examination and a search for potential etiologies of hypo-
volemic shock is warranted. Hence, an EFAST examination
could be considered at this point.

In cases where cardiac function cannot be clearly deter-
mined or where parts of the initial assessment do not clearly
suggest hypovolemia (e.g., “discordant” findings such as a
hyperdynamic LV coupled with a plethoric IVC would be an
example of the latter), a complete focused cardiac exami-
nation should be performed. If poor LV function is noted and
presumed to be the cause of shock (cardiogenic shock), a
B-profile and plethoric IVC should be demonstrated. In cases
where poor LV function is not associated with a B-profile, or
is associated with a small and collapsible IVC, the clinician
should be cautious before assuming that poor LV function is
the main cause of shock. Once tension pneumothorax, tam-
ponade, hypovolemic and cardiogenic shock have all been
ruled out, pulmonary embolism (PE) remains a plausible
cause; the clinician can now look for signs of RV strain
suggesting massive pulmonary embolism.

This algorithmic approach could have many advantages.
First, priority is given to conditions that can easily be
reversed with simple technical or therapeutic interventions,
thus assuring adequate efficiency. Second, it emphasizes
one necessary feature of point-of-care ultrasound; specific
ultrasound signs are sought to answer specific clinical
questions. One should always put the images obtained in
context and reject them if clinically irrelevant. Hence, a
sixth question could be added to the algorithm: is the
pathology suggested by ultrasound imaging compatible
with the clinical picture?

The sonographic components of EGLS

The sonographic components of EGLS are summarized in
Table 1 and will be further discussed here.

Lung ultrasound
Lung ultrasound is based primarily on the detection of lung

sliding and the interpretation of artifacts generated by
ultrasonographic waves.
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Fig. 1 The EGLS algorithm
1. Is there a pneumothorax?

Thoracic B-Lines or lung

views for: sliding as it
exludes
pneumothorax

Lung point(?)

NO

2. Is tamponade present?

Subcostal Pericardial effusion

window for: RA and RV
diastolic collapse
Plethoric IVC without
respiratory variation

NO

3. Is the patient hypovolemic?

Subcostal Dynamic LV function
window for: LV walls kissing
Small or collapsing IVC
Clear lungs
NO

Complete focused echocardiography
( parasternal long/short axis, apical view )

4. If poor LV function noted: Is it the

main cause of hypotension?

Look for: Association with
B-Profile plus
Plethoric IVC without
respiratory variation

NO

5. Are there signs of RV strain?

Look for: Dilated RV
“D-shape” left ventricule
in short axis view
Paradoxical septal wall
movement
Plethoric IVC without
respiratory variation

YES

YES

YES

YES

YES

Drain and
administer fluid
Perform EFAST if
trauma patient

Consider sepsis, occult
blood loss, distributive shock

Administer agressive fluid
resuscitation, antibiotics,
steroids if indicated
Ultrasound search for specific
causes

Consider myocardial infarction,
intoxication, electrolytes and
acid-base disturbances

Perform EKG

Consider revascularisation
Consider antidotes

Early intubation

Consider massive pulmonary
embolism, RV infarction, chronic
disease,

Perform EKG
Consider thoracic CTA
Consider thrombolysis

RA=right atrium, RV=right ventricle, IVC=inferior vena cava, LV=left ventricule

@ Springer



126

Crit Ultrasound J (2011) 3:123-129

Table 2 Potential causes of abolished lung sliding other than
pneumothorax

Pneumonia

Acute respiratory distress syndrome (ARDS)
Pleurodesis, pleural scarring

Severe emphysema

Bronchial obstruction

Mainstem intubation

Apnea

The presence of lung sliding excludes a pneumothorax
under the probe with certainty and requires a minimal
training to recognize [12-15]. While not specific (Table 2),
its absence in the appropriate context can be highly sug-
gestive of a pneumothorax. The “lung point”, which is
pathognomonic for a pneumothorax, is observed when lung
sliding is intermittently absent from the ultrasound field at
expiration [16]. A lung point might not be observed in the
case of tension pneumothorax because the lung is expected
to be completely collapsed.

It is also possible to detect an interstitial syndrome by
observing the characteristic and reproducible artifacts
called B-lines [17-19]. They represent abnormal extra-
vascular lung water. An interstitial syndrome is defined by
the presence of at least three B-lines in the width of an
intercostal space (the “B-profile”). A B-profile can repre-
sent cardiogenic pulmonary edema [20-22] but is not
specific for this pathology. It can also be found with other
interstitial diseases, such as pulmonary fibrosis, ARDS and
pulmonary contusions. The presence of a B-line also
excludes a pneumothorax as it originates from the pleura
[23]. Pure cardiogenic shock is unlikely to be the primary
cause of hemodynamic instability in the presence of a
normal lung pattern on ultrasound [20], suggesting that
fluid administration is probably safe.

Focused echocardiography and fluid responsiveness

A focused bedside cardiac ultrasound comprising four
views (subcostal view, parasternal long and short axis
views, and apical four-chamber view) has been previously
described [10, 24, 25]. It provides critical information for
patient care, namely information about left/right ventricu-
lar size and function, volume status and pericardium
assessment. Physicians with limited ultrasound training can
correctly estimate the qualitative left ventricular function
[26-28]. These qualitative assessments correlate well with
quantitative assessments [29, 30].

The cardiac subcostal view is sensitive view for the
detection of a pericardial effusion and it often is the only
available window in critically ill patients or in the context
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of cardio-pulmonary resuscitation. For those reasons, it is
the initial cardiac view performed in our algorithm.

Tamponade is a diagnosis that must be considered as a
reversible cause of shock in the unstable patient [2]. Bed-
side ultrasound has greatly facilitated its detection as
pericardial effusion can easily be demonstrated. Tampon-
ade physiology is suggested by a pericardial effusion
causing right atrial or ventricular collapse in diastole [31,
32]. It is possible to observe a pendulum movement of the
heart in the presence of a massive effusion (a “swinging
heart”). Tamponade should be associated with an elevated
central venous pressure that can be demonstrated in the
subcostal window by a plethoric (>20 mm) inferior vena
cava (IVC) without respiratory variation.

Assessing the diameter of the IVC and its respiratory
variation will also allow for the estimation of fluid
responsiveness. An inferior vena cava diameter of less than
20 mm (measured proximal to the hepatic vein) and
respiratory variation of more than 50% are associated with
a normal to low central venous pressure (CVP) [33], which
is a good predictor of fluid responsiveness. A small
(diameter less than 10 mm) IVC has been shown to cor-
relate with hypovolemia in the trauma patients [34]. Thus,
significant respiratory variation or collapse of the IVC of
patients presenting in shock should always be taken into
consideration [35], especially if it is associated with a
hyperdynamic left ventricle (LV) because this also sug-
gests hypovolemia. As previously noted, dilation (more
than 20 mm) and the loss of respiratory variability in the
inferior vena cava suggest an elevated central venous
pressure. Respiratory variation of the inferior vena cava is
often altered in mechanically ventilated patients, in cir-
rhosis [36] and in chronic pulmonary diseases, and should
be interpreted accordingly. While respiratory variation of
the IVC can be a good predictor of fluid responsiveness
in hypotensive patients who are mechanically ventilated
[37, 38], a plethoric IVC without respiratory variation is
not in and of itself a contraindication to fluid administration
in this population. The lack of respiratory variation should
be closely interpreted within the clinical context because,
like high values of CVP, it does not necessarily imply a
lack of fluid responsiveness.

The qualitative evaluation of LV function allows for
further refinement in the initial evaluation of shock. The
expected myocardial response in the presence of hypovo-
lemic, distributive or obstructive shock is left ventricular
hyperdynamism because these conditions are associated
with poor LV filling. This may be suspected when wall
“kissing” occurs in systole. A small inferior vena cava and
normal lung pattern are also expected if hypovolemia is the
cause of hypotension. Sepsis should be one of the first
conditions considered when a hyperdynamic left ventricle
is encountered in nontraumatic undifferentiated shock [39].
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Another condition that can present with shock and a
hyperdynamic left ventricle is severe acute mitral regur-
gitation as will be seen when a chordae tendinae ruptures.
This could potentially be erroneously interpreted as hypo-
volemia by the non-expert sonologist with limited experi-
ence in Doppler technique. However, in contrast to
hypovolemia, severe acute mitral regurgitation would
likely be associated with a B-profile and less compliant
inferior vena cava (as it is associated with higher filling
pressures). This constitutes an example where, as stated
before, lung ultrasound findings can influence the echo-
cardiographic interpretation.

Focused echocardiography showing left ventricular
hypokinesia may be an indicative of cardiogenic shock. If
poor cardiac function is the cause of shock, the clinician
should usually be able to demonstrate a B-profile on lung
ultrasound (along with a plethoric IVC). Indeed, LV dys-
function severe enough to cause cardiogenic shock is
expected to be associated with high filling pressures. The
foreknowledge of lung pattern may thus help in interpret-
ing the subsequent echocardiography findings because a
hypokinetic left ventricle associated with a normal lung
pattern suggests cardiac co-morbidity (i.e., chronically
depressed LV function) rather than pure cardiogenic shock,
more so in the presence of a small IVC. One should also
consider other pathologies in this situation and provide
adequate fluid resuscitation, with the caveat that resusci-
tation may be complicated given the limited cardiac
reserve. In addition to myocardial ischemia, other poten-
tially reversible conditions causing myocardial dysfunction
can be considered and are listed in Table 1.

Pulmonary embolism (PE) is also a cause of undifferenti-
ated shock. Hemodynamically significant PE is consistently
associated with acute right ventricular strain [40]. Signs sug-
gesting the right ventricular strain can often be found in the
apical four-chamber and parasternal short-axis views.
Increased pressure may lead to paradoxical movement of the
septum wall [41] and give rise to a “D-shape” left ventricle in
the short-axis view. The obstructive shock caused by pul-
monary embolism is expected to be associated with a plethoric
inferior vena cava without respiratory variation. The sonolo-
gist should be aware that smaller PEs not large enough to
cause hemodynamic compromise do not consistently cause
identifiable cardiac sonographic findings [42].

Discussion

The EGLS algorithm uses lung ultrasound as a point of
departure to complement focused echocardiographic and
EFAST exams and as such is novel. It comprehensively
integrates concepts and parts of protocols already well
described in the literature and could provide a general

framework for guiding point-of-care ultrasound use in
shock management. Indeed, although ultrasound may not
always be necessary to answer the five questions of the
EGLS algorithm, the clinician faced with undifferentiated
shock will often have to address these issues. Furthermore,
physicians already using other protocols (such as FATE or
FOCUS) can easily integrate them in the EGLS framework.

An algorithm is well suited for the undifferentiated shock
assessment because the initial management of this entity
requires efficient decision making and rapid identification of
reversible causes. Each step of the EGLS algorithm is
designed to achieve these goals. It is structured to identify one
type of shock at a time, which allows the sonographer to
choose the most pertinent views and focus on the proper
findings. This might improve the overall accuracy of the so-
nographic examination and limit overzealous interpretation. It
may also reduce the time needed to perform the examination.
EGLS can easily be adapted to scenarios in which only parts of
the algorithm are performed because it stems from methodical
reasoning and a sonographic approach tailored to the ultra-
sound findings encountered. All these features could help the
physicians with minimal experience integrate point-of-care
ultrasound in shock management.

Recommendations regarding training and education in
point-of-care ultrasound have been described elsewhere
[43—-45] and the acquisition of the necessary skills could be
facilitated by the addition of new learning modalities, such
as simulators, to practical training sessions. Although some
studies suggest that ultrasound use can improve the man-
agement of shock, randomized controlled trials are needed
to evaluate the clinical impact of an algorithmic approach.
Managing shock patients with a “sonoscope” might then
become the standard of care. It is, at the very least, an
exciting prospect.
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