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Abstract

arrest conditions prevents cardiac arrest.

treatment.

Early recognition of the deteriorating patient and prevention of cardiac arrest is the first link in the Chain of
Survival. Once cardiac arrest occurs, fewer than 20% of patients having an in-hospital cardiac arrest will survive to
go home. Peri cardiac arrest period is the recognized period, either just before or just after a full cardiac arrest, when
the patient’s condition is very unstable and care must be taken to prevent progression or regression into a full cardiac
arrest. So all instable patient is at risk of cardiac arrest. A rapid identification of reversible causes of cardiac arrest
is crucial for the correct treatment and outcome of these patients. As well to identify precociously the peri cardiac

Ultrasound seems to be an ideal tool for a rapid diagnosis. The integration of data that can rapidly be obtain
from heart, lung, inferior vena cava, abdomen and leg vein examination are often essential for the diagnosis and

The role and potentiality of integrated ultrasound in peri and cardiac arrest are considered in this paper.

Keywords:  Emergency  ultrasound;  Lung  ultrasound;
Echocardiography; Cardiac arrest; Acute dyspnea; Unexplained shock

Introduction

Accurate assessment and rapid decision-making are essential
in critical care medicine. Often hemodynamic instability identifies a
condition of peri cardiac arrest. The causes of hemodynamic instability
or cardiac arrest need a rapid identification and treatment. In critical
scenarios diagnoses are often difficult and cannot be made with standard
physical examination. Portable ultrasound machines are an ideal
tool in critical care setting. A multiple-goal problem-based approach
represents the main peculiarity of the emergency ultrasound and may
be considered an extension of physical examination. The integration of
data obtained from the evaluation of the heart, lung, inferior vena cava,
leg vein and abdomen often allow a rapidly diagnosis and immediate
start of the correct therapy.

In this paper the role of integrated ultrasound will be focused on
conditions of peri cardiac arrest and cardiac arrest.

Emergency Echocardiography

Echocardiographic evaluation of heart performance is of essential
importance in the management of hemodynamically unstable critically
ill patients. In emergency setting the majority of information can be
obtained with the subcostal or apical 4-chamber scan.

In emergency situations quantitative evaluations are difficult and
often not useful. Qualitative global ventricular function can be assessed
by visual inspection alone (“eye balling”). This method has proven very
reliable when used by trained clinicians [1]. Real-time visualization of
the kinetics and size of the cardiac cavities allows immediate functional
diagnosis. In fact, to evaluate whether the cardiac function is normal,
moderately or severely impaired is sufficient in most critical cases.

This assessment, moreover, cannot leave out of consideration
the valvular function. In the state of severe mitral regurgitation, for
example, left ventricular function (LV) may be normal or supernormal.

Significant LV dysfunction is common in critically ill patients and
determination of cardiac performance is an integral part of the medical
management of the patient.

Transthoracic echocardiography (TTE) provides adequate
information on LV function in the majority of intensive care unit
patients (> 80%) [2].

Assessment of diastolic function using the evaluation of the
ventricular filling pattern is difficult in emergency clinical conditions.
The evidence of severe left ventricle hypertrophy or bilateral atrial
enlargement in patients with preserved LV function suggests a diastolic
dysfunction.

Right ventricle (RV) dysfunction is quite common, although its
role is underestimated in critically ill patients [3]. RV dysfunction may
be related to intrinsic depression in contractility, acute pulmonary
embolism, acute increase in pulmonary vascular resistance (frequent
in patients with ARDS), mechanical ventilation, sepsis, and RV
infarction [4-7]. RV dysfunction may elucidate the inability of blood
volume expansion to improve clinical status in some patients (i.e.
septic patients) [7]. Finally, echocardiography may be very useful in
monitoring changes of contractility during infusion of vasopressor and
inotropic agents.

Even rapid qualitative assessment of the dimension of the cardiac
chambers is useful in critical ill patients. Normally in apical 4-chambers
scan the left ventricle is 2/3 larger than the right while the right and the
left atrium have the same dimensions. To observe the right chambers
larger than the left in a shocked patient, for example, raises a strong
suspicion of massive pulmonary embolism (Figure 1).

LV end systolic cavity obliteration suggests significant
hypovolaemia and may precede changes in blood pressure [8].
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Figure 1: Echocardiography. A: Apical 4-chambers scan of a normal heart.
Right (RA) and left (LA) atrium show the same dimension. Left ventricle (LV)
is near 2/3 larger than right ventricle (RV). B: Apical 4-chambers scan in a
shocked patient. Right chambers are enlarged suggesting acute pulmonary
embolism.

Echocardiography rapidly detects the presence of pericardial
effusion and the signs of cardiac tamponade (Figure 2).

Valvular dysfunctions can be immediately detected by
echocardiography. Severe mitral and aortic stenosis or regurgitation
can decrease dramatically the cardiac output. Several complications
of acute myocardial infarction (such as acute mitral regurgitation
secondary to papillary muscle rupture or ischemic dysfunction, large
RV infarction, and rupture of the interventricular septum or left
ventricular free wall), usually result in cardiogenic shock and are easily
detectable by bedside echocardiography.

Emergency Lung Ultrasound

The presence of multiple diffuse bilateral B-lines on lung
examination indicates the interstitial syndrome (IS). Causes of the
interstitial syndrome include the following conditions: pulmonary
edema of various causes, interstitial pneumonia or pneumonitis and
diffuse parenchymal lung disease (pulmonary fibrosis).

In acute clinical conditions, more frequently, bilateral and diffuse
B-lines are an ultrasonographic sign of increased extra vascular lung
water [9-12].

Therefore, the presence of multiple B-lines identifies the “wet
lung”, while the absence the “dry lung” (Figure 3).

In critically ill patients the differential diagnosis between acute
cardiogenic pulmonary edema (APE) and acute respiratory distress
syndrome (ARDS) may be difficult.

The different pathophysiology in patients with ARDS and in
cardiogenic (hydrostatic) pulmonary edema (APE) produces different
pleuropulmonary ultrasound patterns with a different distribution of
IS. In patients with APE interstitial syndrome shows a homogeneous
distribution involving both anterior and posterior lung fields. Superior
lung fields might be less affected, but “spared areas” cannot be
observed reflecting the patho-physiopathology of APE (Figure 4) [9].
Echocardiography obviously is very useful and can quickly detect LV
dysfunction in both clinical conditions.

In patients with acute massive pulmonary embolism, exacerbation
of COPD and asthma without any other cardiac co-morbidity the lung
is “dry” and does not show any B-lines [13].

Lung ultrasound is the best tool for bedside diagnosis of
pneumothorax [14-16].

The sonographic signs of pneumothorax include the following:
presence of lung point(s), absence of lung sliding, absence of B-lines,

absence of lung pulse. The sonographic technique consists of
exploration, in supine position, of the least gravitationally dependent
areas progressing more laterally. Lung sliding is the depiction of
a regular rhythmic movement synchronized with respiration that
occurs between the parietal and visceral pleura that are either in
direct apposition. If air is present between parietal and visceral pleura,
visceral pleural is masked and so lung sliding is absent. For the same
reason B-lines that arise from visceral pleura are absent. The lung
point refers to the depiction of the typical pattern of pneumothorax,
which is simply the absence of any sliding or moving B-lines at a
physical location where this pattern consistently transitions into an
area of sliding, which represents the physical limit of pneumothorax as
mapped on the chest wall [17].

The absence of lung sliding and B-lines in anterior scans, and the
presence of a lung point achieved a sensitivity of 88% and a specificity
of 100% for diagnosing pneumothorax [13]. Its quantification is not
accurate but hemodynamic consequences may be detected by the

Figure 2: Echocardiography (subcostal 4-chambers scan) in a 65 years old
patient admitted to the emergency room for unexplained hypotension shows
pericardial effusion (PEF) and right atrial collapse (RAC).
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Figure 3: Lung ultrasound. A. “Dry lung”: evidence of regular pleural line and
horizontal artifacts do to reverberations of pleural line (A lines). B: “Wet lung”:
evidence of multiple vertical artifacts (B lines).
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Figure 4: Lung ultrasound. A: Homogeneous distribution of B lines in acute
cardiogenic pulmonary edema. B: Area of normal lung appearance (“spared
area”) between two areas of coalescent B lines in acute respiratory distress
syndrome.
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evaluation of the heart and IVC (small and hyperkinetic heart chambers
combined with dilated IVC are typical for tension pneumothorax).

Ultrasound Evaluation of Venous Volume Status

Ultrasound assessment of the inferior vena cava (IVC) diameter
and collapsibility index have proven accurate measures of right atrial
(RA) pressure as central venous pressure (CVP) [18,19]. This method
is reliable in discriminating between RA pressures <10 mmHg or
>10 mmHg [20]. A dilated vena cava (>20 mm) without the normal
inspiratory decrease in diameter (>50%) usually indicates elevated RA
pressure. In hypovolaemic patients, IVC is generally slight (<1.7 cm)
and collapses completely during inspiration (Figure 5). Ventricular
heart chambers are small with LV end systolic cavity obliteration and
lung ultrasound examination shows absence of B-lines (“dry lung”).

Echocardiographic evaluation of RV function is essential for the
correct interpretation of the values of CVP or IVC diameter. Patients
with RV dysfunction may have high RA pressure even in situations of
hypo- or normovolaemia (Figure 6).

Ultrasound monitoring of IVC diameter and collapsibility , heart
chambers’ dimensions and function and lung pattern (“wet” or “dry”),
during volume expansion is a bedside, non-invasive and accurate
method that improves therapeutic decisions, otherwise based on CVP
alone (Figure 7). As it is widely accepted, CVP cannot be reliable to
make decisions on fluid management [21].

Compressive Ultrasound of Proximal Leg Veins (CUS)

Patients with suspected deep vein thrombosis (DVT) of the lower
extremities are usually investigated with ultrasonography. Lensing et
al. demonstred that the CUS has a sensitivity of 100% and specificity of
99% in detecting deep vein thrombosis of the legs [22].

Figure 5: Abdominal longitudinal scan of inferior vena cava. A. M-mode of
inferior vena cava (IVC) in a hypovolemic patient: IVC is slight and completely
collapse during inspiration. B. M-mode of IVC in a patient with high central
venous pressure: IVC is large with minimal changes of diameter during
inspiration.

Figure 6: Abdominal ultrasound shows a large inferior vena cava (A) and large
right heart chambers in 4-chambers scan (B). In this patient affected by acute
pulmonary embolism, inferior vena cava diameter reflects high atrial pressure
and not volume overload. IVC=inferior vena cava, RA=right atrium, RV=right
ventricle.

Figure 7: Abdominal scan of inferior vena cava and subcostal 4-chambers
scan of the heart. A: Ultrasound pattern of hypovolaemia: inferior vena cava is
slight with complete inspiratory collapse. Complete left ventricular end systolic
obliteration. B: After volume expansion inferior vena cava increases the
diameter and left ventricular end systolic obliteration disappears. IVC=inferior

vena cava, RV=right ventricle, LV=left ventricle.

The CUS is useful in patients with suspected pulmonary embolism
and when positive can avoid CT scan and allow rapid therapeutic
decision [23].

Integrated Ultrasound in Shock/Hypotension

Shock is a clinical syndrome characterized by inadequate tissue
perfusion that results in end-organ dysfunction. Delay in recognizing
and quickly treating a state of shock results in a progression from
compensated reversible shock to widespread multiple system organ
failure to death. Shock can be divided into the following four categories:
distributive, cardiogenic, hypovolemic and obstructive.

Obstructive shock is a form of shock associated with physical
obstruction of the great vessels or the heart itself. Pulmonary embolism
and cardiac tamponade are considered forms of obstructive shock.

Obstructive shock has much in common with cardiogenic shock,
and the two will be discussed together.

Integrated Ultrasound in Septic Shock

Septic shock is the most common form of distributive shock.
Hemodynamic alterations include decrease of systemic vascular
resistance with severe peripheral vasodilatation, absolute or relative
decrease in central blood volume and in some patients systolic
alterations of left and right ventricular function (sepsis-related
cardiomyopathy) [24].

Volume expansion is a crucial point in septic shock and can
be optimized by ultrasound monitoring of IVC, heart and lung.
Echocardiography is essential in detecting patients with sepsis-related
cardiomyopathy. In these patients the administration of vasoactive
drugs is critical and may cause a dramatic reduction of cardiac
output. The inotropic drugs dosage can be titrate monitoring the heart
contractility.

In order to reduce mortality a specific anatomic site of infection
should be detected as rapidly as possible and within first six hours of
presentation [24]. Cholecystitis, pyonephrosis, liver or spleen abscesses,
pneumonia, pleural empyema, subfrenic abscesses, endocarditis, ascitis
are frequent and may be rapidly detected by ultrasound (Figure 8).
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Figure 8: Ultrasound in septic patients can rapidly identify same site of
infection such as pneumonia (A), empyema (B), pyonephrosis (C), acute
cholecystitis (D), liver (E) or spleen abscesses or endocarditis (F).

Integrated Ultrasound In Cardiogenic Shock

Cardiogenic shock is a pathophysiology state in which inadequate
tissue perfusion results from cardiac dysfunction.

Echocardiography is an essential tool for the diagnosis. Systolic and
diastolic function, severe valvular abnormalities, cardiac tamponade,
massive pulmonary embolism, mechanical complications of acute
myocardial infarction, can be rapidly detected by echocardiography.

In cardiogenic shock IVC is dilated without respiratory changes.
Lung ultrasound shows “wet” lungs with multiple B-lines. Neverthless,
cardiogenic shock following cardiac tamponade or massive pulmonary
embolism are typically associated with “dry” lung without any B-lines..
Pleural effusion can be easily detected.

CUS is an additional sonographic tool for patients with suspected
pulmonary embolism.

Integrated Ultrasound in Hypovolemic Shock

Hypovolemic shock refers to a medical or surgical condition in
which rapid fluid loss results in multiple organ failure due to inadequate
circulating volume and subsequent inadequate perfusion.

In hypovolemic shock ultrasound shows a typical triade: small and
hyperkinetic cardiac chambers, slight IVC and “dry” lung without any
B-lines. Ultrasounds are also useful for the diagnosis of some causes
of hemorrhagic shock as massive hemothorax, hemoperitoneum,
abdominal aortic aneurysm and ectopic pregnancy. Ultrasound
cannot distinguish the nature of fluid and so the clinical contest is very
important. In unclear conditions the echo-guided sample is diriment.

Finally ultrasound improves fluids management by monitoring the
heart, the IVC and the lungs patterns.

Integrated Ultrasound in Acute Dyspnea

Acute dyspnea is the common severe symptom of different
conditions, such as acute heart failure, pulmonary embolism,
pneumothorax, acute or exacerbation of chronic bronchopulmonary
diseases.

Lung ultrasound has a very high sensitivity in differentiate “dry”
from “wet” lung and a high specificity to distinguish APE from ARDS
[9]. In patients with severe dyspnea and lung ultrasound examination
suggesting APE, echocardiography is mandatory to define underling
aetiology. In dyspnoeic patients with “dry” lung, cardiogenic origin

can be ruled out and other diseases must be considered (i.e. pulmonary
embolism, asthma, COPD, pneumonia, pneumothorax).

In patients with severe dyspnea pneumothorax can be rapidly
detected by ultrasound and the integrated evaluation of the heart and
IVC is useful to establish hemodynamic impairment.

In massive pulmonary embolism the lung is normally “dry” and in
a high percentage of patients small subpleural consolidations may be
detected, RV enlargement, dilatation of IVC and CUS may detects a
proximal venous thrombosis in the legs.

Integrated Ultrasound in Cardiac Arrest

Patients in cardiac arrest due to asystole or pulseless electrical
activity (PEA) are non shockable.

Cardiac arrests presenting as PEA or asystole have a very low
survival rate.

The identification of the causes of PEA is important because they
are often reversible. The most common causes of PEA are severe
hypovolemia, tension pneumothorax, cardiac tamponade, and massive
pulmonary embolism. These conditions should be detected or ruled
out as soon as possible, even on scene [25]. Therefore, an integrated
ultrasound approach (heart, lungs and inferior vena cava) is invaluable
to achieve all this in a few seconds [26] (Table 1 and Figure 9-12).

Breitkreutz et al. developed an algorithm designed to perform

ULTRASOUND
CAUSE
HEART IvC LUNG ABDOMEN
Small and e No B-lines Free fluid
HYPOVOLEMIA hyperkinetic Slight e Massive
AAA
chambers hemothorax
MASSIVE Enlarged right
PULMONARY Vemrigcles 9" Dilated  |No B-lines
EBOLISM
CARDIAC Pericardial . .
TAMPONADE  effusion Dilated  |No B-lines
Small and e  Absence of
TENSION hyperkinetic Dilated lungs sliding
PNEUMOTHORAX 7P e No B-lines
chambers

e  Lungs point

Table 1: Clinical integrated ultrasound in cardiac arrest. Possible ultrasound
findings in cardiac arrest do to hypovolemia, massive pulmonary embolism, cardiac
tamponade and tension pneumothorax, IVC=inferior vena cava, AAA= abdominal
aortic aneurysm.

Figure 9: Ultrasound in cardiac arrest does to hypovolemia. Typically cardiac
chambers are small and hyperkinetic (A), inferior vena cava is slight (B) and
lung is “dry” (C). Ultrasound can also detect some causes of hypovolemia
such as large hemothorax (D), abdominal aortic aneurysm (E) or abdominal

free fluid (F). RV=right ventricle, LV=left ventricle, IVC=inferior vena cava,
HTX=hemothorax, AAA=abdominal aortic aneurysm, FFL=free fluid.
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Figure 10: Ultrasound in cardiac arrest do to massive pulmonary embolism.
A: typically right chambers are anlarged, B: inferior vena cava is dilated, C:
lung is “dry” and D: CUS shows a thrombus in the left femoral vein. RV= right
ventricle, LV= left ventricle, IVC= inferior vena cava, LFV= left femoral vein,
LFA= left femoral artery.
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Figure 11: Ultrasound in cardiac arrest does to cardiac tamponade. A:
echocardiography shows the presence of pericardial fluid and the signs of
cardiac tamponade, B: inferior vena cava is dilated. C: lung ultrasound reveals
a “dry” lung. PEF=pericardial fluid, IVC= inferior vena cava.

“LUNG POINT™

Figure 12: Ultrasound in cardiac arrest does hypertensive pneumothorax.
Typically cardiac chambers are small and hyperkinetic (A), inferior vena cava
is dilated (B) and lung examination show the absence of sliding and B lines
and in non massive pneumothorax the presence of the “lung point” reflecting
the border between aerated lung and pneumothorax (C).

echocardiography simultaneously to cardiopulmonary resuscitation
(CPR) cycles without any increase in the duration of the no-flow
intervals [27]. This algorithm, named FEER examination (Focused
Echocardiographic Evaluation in Resuscitation), establishes that on
discontinuation of chest compression, the probe must be positioned
to gain a complete four-chamber view from the subcostal window,
within approximately 5 seconds during the pause of CPR. If the heart
is not identified after 3 seconds, echocardiography will be repeated
again five cycles later and/or with the parasternal approach. The goals
of echocardiography were aimed at the diagnosis of LV failure, cardiac
standstill, true-PEA, pseudo-PEA, pulmonary embolism, pericardial
effusion and cardiac tamponade. The authors report that in 30 case
of cardiac arrest in suspected PEA in 19 cardiac wall movement was

detected, and correctable causes such as pericardial tamponade (n=3),
poor ventricular function (n=14), and hypovolemia (n=2) were noted
or treated. In 13 of 19 true pseudo-PEA cases, patients survived to
hospital admission. In contrast, 11 of the 30 PEA cases, with true
cardiac standstill on echocardiogram, died. On the scene, FEER-based
changes in therapy were induced in 24 of 30 cases.

Echocardiography is useful in the distinction between true-PEA
(regular electrocardiographic rhythm without wall motion), from
pseudo-PEA (regular electrocardiographic rhythm and evidence of
contractile activity). It is well known that these two conditions have
different prognosis. When pseudo-PEA is detected CPR have more
possibility to be associated with return of spontaneous circulation.

In contrast, cardiac standstill or true asystole is identified by
complete absence of any motion in the heart including the valves,
atria or ventricles [28] and is often seen in association with severe
spontaneous echo contrast. Blaivas [29] and Salen [28] observed that
cardiac standstill had a positive predictive value of 100% for death in
the emergency department. More recently Aichinger et al. evaluated
the ability of emergency echocardiography performed by ultrasound-
inexperienced emergency physicians on scene, to predict outcome in
cardiac arrest patients. Only cardiac movement was associated with
survival, and cardiac standstill at any time during CPR resulted in a
positive predictive value of 97.1% for death at the scene [30].

These data are useful for physicians, allowing them to decide
regarding the continuation of resuscitation if no cardiac motion is
detected on cardiac ultrasound after adequate resuscitative efforts.

Training Standards for Critical Care Ultrasonography

Real-time point-of-care ultrasound has become an invaluable
adjunct to the clinical evaluation of critically ill and injured patients
both for pre- and in-hospital situations. However, a high level of
quality is necessary, guaranteed by appropriate education, experience,
credentialing, quality control, continuing education, and professional
development.

A round table was organized during the 23rd European Society of
Intensive Care Medicine (ESICM) annual meeting in Vienna (October
2009) with the aim of elaborating guidelines for training of intensive
care physicians in critical care ultrasonography. Eleven critical care
societies from five continents were invited by the European Society
of Intensive Care Medicine (ESICM) to send one or two experts
in critical care ultrasonography (general ultrasonography and/or
echocardiography) to participate in the round table. All experts (100%)
agreed upon the facts that: 1) basic-level critical care echocardiography
and general critical care ultrasound should be a required part of the
training of every Intensive Care Unit (ICU) physician 2) advanced-
level critical care echocardiography is an optional component of the
training of the ICU physician.

The panel of experts established how to achieve competence
in general critical care ultrasonography, in basic critical care
echocardiography, in advanced critical care echocardiography and
how to organize certification [31].

“Basic Skills” and “Expert Level” of Emergency
Ultrasound Evaluations Cited in the Paper
“Basic skills”

e LV and RV systolic function
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o DPericardial effusion and cardiac tamponade

e Qualitative assessment of the dimension of the cardiac

chambers
e Volume status evaluation
o “Wet” or “dry” lung
e Pneumothorax
e Pleural effusion
e Abdominal free fluid
e CUS
e Massive pulmonary embolism
e Abdominal aortic aneurysm
e True-PEA, pseudo-PEA
“Expert level”
e Diastolic function
e Valvular disfunction
e Mechanical complications of acute myocardial infarction

e Site of infection in septic patient (cholecystitis, pyonephrosis,
liver or spleen abscesses, pneumonia, pleural empyema,
subfrenic abscesses, endocarditis)

e Ectopic pregnancy

Conclusions

Ultrasound provides a diagnostic modality that allows a rapid

recognition of several critical clinical scenarios. Clinical integrated
ultrasound improves the management of critically ill patients and may
be considered an extension of physical examination. An integrated
ultrasound approach in cardiac arrest and peri cardiac arrest may be
rapidly performed at the bedside with relevant clinical consequences in
the diagnosis and management of these critical conditions.
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