
Abstract. – Background and Objective:
Guidelines on cardiac arrest (CA) recommend
the prompt beginning of cardio-pulmonary re-
suscitation (CPR) and the identification and cor-
rection of reversible causes. This article deals
with the application of clinical ultrasonography
(US) in resuscitation, presenting a simple codi-
fied US protocol usable during CPR to recognize
reversible causes of CA.

Evidence on US in CA and State of the Art:
Emergency US is a bedside, point-of-care, fo-
cused diagnostic procedure with aim to com-
plete the physical examination. It is performed
by emergency physician everywhere to answer
briefly important clinical questions. Several tri-
als recently experimented US employment dur-
ing advanced life support, demonstrating its fea-
sibility without delaying CPR.

Perspectives: the PEA Protocol:: We pro-
pose a simplified US protocol for non-shock-
able rhythms, called “PEA protocol” to remem-
ber the applications of the study (CA in Pulse-
less Electrical Activity, PEA) and the US scan
sequence: Pulmonary scans to depict pneu-
mothorax and pleural effusion and to differen-
tiate wet or dry lung; Epigastric for pericardial
effusion, left and right ventricular sides and
motion, IVC filling; Abdominal and other scans
for aortic aneurism and dissection, peritoneal
effusion, bowel occlusion or perforation, deep
venous thrombosis. The PEA protocol could be
performed both during CA in PEA and during
periarrest conditions.

Conclusions: Clinical US, using a well codi-
fied protocol, could effectively help to identify
reversible causes in CA, even improving patients
outcome. 
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Introduction

Out-of-hospital incidence of cardiac arrest (CA)
in Europe, from the activation of the medical
emergency team (MET), is about 4:10,000 per
year, while in-hospital incidence of CA is a little
less than 4:1000 per year, that is one case each 6
beds, with an extra-/in-hospital ratio about 1:101,2.
The mean survival to hospital discharge from a
CA in shockable rhythms is estimated about
20%1,3. Instead, the survival from an in-hospital
CA from ventricular fibrillation (VF) pulse-
less/persistent ventricular tachicardia (VT), or
from non-shockable rhythms as inset (Asystole
and Pulseless Electrical Activity, PEA), decreases
in mean below 10%2-6, and falls down 3% in cases
of out-of-hospital CA from VF/pulseless-persis-
tent VT or non-shockable rhythms1.
Interventions that could improve the prognosis of

a CA are synthesized in the so-called “chain of sur-
vival”, including: (1) prevention and early recogni-
tion of CA; (2) early cardio-pulmonary resuscita-
tion (CPR); (3) attempt defibrillation if appropriate
(VF/pulseless VT); (4) post-resuscitation care7. CA
prognosis has actually improved after the introduc-
tion and the employment of ACLS (Advanced Car-
diac Life Support) protocols, worked out by Ameri-
can Heart Association (AHA)8 and ALS (Advanced
Life Support) protocols, formulated by European
Resuscitation Council (ERC)9. During the manage-
ment of shockable rhythms (VF/pulseless VT)
prognosis has significantly improved after the intro-
duction of defibrillation; it is not the same in the
management of non-shockable rhythms (Asys-
tole/PEA)4. The prompt beginning of thoracic com-
pressions with minimal interruption of cardio-pul-
monary resuscitation (CPR) to reduce the no-flow



Cause Clinical findings (beside history) Treatment

4 “Hs”
1. Hypovolemia Empty external jugular veins Fluid/blood infusion
2. Hypoxia Cyanosis, BGA, airway obstruction Opening, removal, ventilation
3. Hypothermia Low body temperature Active/passive warming
4. Hyper-hypokaliemia BGA Electrolytes imbalance and metabolic

disorders correction

4 “Ts”
1. Pulmonary or coronaric Fill jugulars, pulseless to CPR Thrombolisis, embolectomy, primary
Thromboembolism angioplasty (PTCA)

2. Cardiac Tamponade Fill jugulars, pulseless to CPR Pericardiocentesis
3. Tension Pneumo-Thorax Fill jugulars, pulseless to CPR Drainage by 14G needle
4. Toxic and drugs Bradycardia, neurologic examination, Gastrolavage, charcoal,

pupils antidots/antagonists

Table I. The potentially reversible causes of cardiac arrest (CA), to be investigated and treated during interruption of cardio-pul-
monary resuscitation (CPR), according to Advanced Life Support (ALS) guidelines by European Resuscitation Council (ERC).

Legends: BGA = blood gas analysis.
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widely recognized and its use strongly recom-
mended, the modality for achieving as much as
possible complete evaluation remains poorly codi-
fied. In this article we propose a simplified but
nearly complete and well codified US approach,
that we named “PEA protocol”. It consists in easi-
ly memorized US focused sequence that should be
performed during CPR, to provide a thorough car-
dio-pulmonary assessment in order to recognize
the commonest underlying causes of CA.

Emergency US in Cardiac Arrest

During the last few years, the diagnostic em-
ployment of clinical US diffused widely in Emer-
gency Department (ED), since it provides a bed-
side, rapid, accurate, non invasive, painless and low
cost exam playing an ever-growing role in multiple
different diseases, so much to imply the idea of a
“real US revolution” in medicine16. Emergency US
should be considered a goal-directed focused ex-
amination complementary to the physical examina-
tion. It is performed by emergency physician in
any emergency setting to answer brief and impor-
tant clinical questions. Emergency US is a first lev-
el diagnostic tool and it should not quarrel with tra-
ditional consultative ultrasound imaging. The Fo-
cused Assessment with Sonography for Trauma
(FAST) is now accepted in ATLS guidelines for
management of trauma by American College of
Surgeons Committee on Trauma17. On the other
hand, scientific evidence (Class I) exists for FAST
examination and for ultrasound-assisted central ve-

intervals and the identification and correction of un-
derlying reversible causes, in order to reduce mor-
tality, are strongly recommended by all internation-
al guidelines for resuscitation, which establish com-
mon guidelines for management and treatment of
CA and peri-arrest9-11.
The potentially reversible causes are suggested

to be easily recalled by “4Hs” and “4Ts” se-
quence: Hypoxia, Hypovolemia, Hypothermia,
Hypo/Hyperkalemia; cardiac Tamponade, ten-
sion pneumoThorax, coronary or pulmonary
Thrombosis, Toxins and drugs. To detect the po-
tentially reversible causes of CA, patient’s histo-
ry could help. Unfortunately, these data are not
always easily collected in emergency setting. An
accurate physical examination, reading the arter-
ial blood test and the monitoring of the most im-
portant vital parameters (Table I), could help the
diagnosis too, while common blood tests are not
always available or obtained in a few time. 
Ultrasonography (US) performed bedside dur-

ing resuscitation could aid the diagnosis in four
of the commonest reversible causes of CA, ex-
cept for hypoxia: hypovolemia, cardiac tampon-
ade, tension pneumothorax and thrombosis12-14.
Such imaging information could change team
leader’s therapeutic strategy and guide the man-
agement of the patients15.
So we could underline the role of US in ruling

in or ruling out the reversible causes of PEA, in
order to reduce mortality and to improve the out-
come, hoping for balance the role of DC shock in
the algorithm of CA (Figure 1). Unfortunately, al-
though the interest of US in acute resuscitation is
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Figure 1. Proposal of introduction of US for non-defibrillable rhythms arm in the ALS algorithm for Cardiac Arrest to bal-
ance the DC shock for defibrillable rhythms arm.

tocol the detection of pneumothorax is added20-22.
Successively, the FAST-CRASH extends sono-
graphic employment even in the CA and peri-ar-
rest conditions23. Finally, the FAST-ABCDE in-
cludes emergency US in each phase of the prima-
ry survey ABCDE of trauma patients, with diag-
nostic aims and as help in invasive procedures24. 
In 2004, Jensen et al13 worked out firstly a rapid

echocardiographic protocol targeted for critical
patient, formulating the “mystic” acronym FATE
(“Focus Assessed Transthoracic Echo protocol”),
demonstrating its feasibility in 97% of cases, even
if performed by not cardiologist.
In 2005, Niendorff et al25 studied a wide consec-

utive series of hospitalized patients who underwent
PEA arrest and concluded that a rapid US exami-
nation (though performed by nonexpert ultrasonog-
raphers) could be successfully integrated into
ACLS response system. The average time from ar-
rest alert to US interpretation was ≤8 minutes. The
duration of interruption occurring was not longer
than the time necessary for pulse check. The opti-

nous catetherism18. Therefore, US can be applied
to any emergency medical condition with diagnos-
tic, therapeutic and monitoring fashion, including
acute resuscitation19. 
Actually, most causes of PEA are referable to

specific echocardiografic findings. On 1997 Varri-
ale and Maldonaldo’s study design12 for in-hospi-
tal CA included a dedicated team of cardiologists
to perform transthoracic US examination by sub-
costal or apical view or, if not possible, trans-oe-
sophageal echocardiography. This study conclud-
ed that US during CPR was not only feasible but
provided useful information in management of
CA. Leading causes of CA could be addressed,
with potential depiction among the causes of pseu-
do-electromechanical dissociations: pulmonary
embolism, cardiac tamponade and hypovolemia.
In the wake of the FAST protocol efficacy, dif-

ferent Authors have then formulated other
acronyms in order to define sonographic proto-
cols that could be performed to critical patients,
either with or without trauma. In the EFAST pro-
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P = Pulmonary scans, for research of pneumoth-
orax, pleural effusion, wet or dry lung;

E = Epigastric and other scans, for research into
pericardial effusion, left and right ventricular
sides and their wall motion and inferior vena
cava (IVC) filling;

A = Abdominal and other scans, for research into
thoracic and aortic aneurism and/or dissec-
tion, peritoneal effusion, bowel occlusion or
perforation, deep venous thrombosis.

US Scans Sequence in the PEA Protocol
The PEA protocol could be performed both

during CA in PEA and during peri-arrest condi-
tions, other than after the recover of a sponta-
neous rhythm from defibrillation, to check the
treatable causes if PEA is not justified by hypox-
ia or electrolyte abnormalities, toxaemia and hy-
pothermia. The sequence of the 3 codified US
views in PEA protocol may change based on the
patient’s condition. 

Cardiac Arrest in PEA
The pulmonary (P) scans may be difficult to

interpret in detecting pneumothorax in artificially
ventilated patients in CA by the self-inflating
bag, because of limited lung sliding. However,
these scans could be useful after intubation to ex-
clude pneumothorax other than to control the
correct position of the tube. The finding of mo-
tionless US lung comets (ULCs)28 or B lines29,
like the glare of the sun on the water, can distin-
guish a wrong intubation from a pneumothorax,
in which there could never be find ULCs19. 
Therefore, in the CA firstly the cardiac evalua-

tion by performing epigastric and other scans (E)
is recommended (main scans), the US scans used
subsequently varying according to the initial find-
ings. Other than pericardial effusion and inferior
vena cava filling, heart motion is the main US
picture to research14,26. Heart wall movement with
pulse means presence of circulation. Absence of
wall movement means asystole or true PEA (if a
rhythm is present on monitoring): this condition
represents usually a final phase of any cause of
CA. If a hypokinetic, enlarged or hypertrophic
left ventricle is detected, the pulmonary scans (P)
are preferred to depict a wet lung, characterized
by the interstitial-alveolar syndrome and pleural
effusion29. If a hypokinetic and enlarged right
ventricle is detected, pulmonary embolism is sus-
pected: the pulmonary scans can reveal a dry lung
and venous compression US (CUS) of lower
limbs could be assessed to depict deep venous

mal windows resulted the subcostal or apical views
because minimized the delay for compressions.
In 2007, Breitkreutz et al26 strengthened that

such technique, inserted during the pauses for
pulse check or during compression in out-of-hos-
pital patients, didn’t hinder the common CPR ma-
noeuvres. The Authors formulated a fast protocol,
called with the acronym FEER (Focused Echocar-
diographic Evaluation in Resuscitation manage-
ment), including 3 standard scans that could be
used in the study of the heart during CPR.
In 2008, the “etiologic” acronym CAUSE

(Cardiac Arrest UltraSound Examen) was sug-
gested. It got away from the mere “cardiologic
perspective” adding to the study of the heart even
the sonographic evaluation of the lung, for the
detection of tension pneumothorax. Both of them
were performed using the convex transducer14.
Always in 2008, Cibinel et al27 demonstrated, in
a series of 30 patients, the feasibility of car-
diopulmonary sonography in 100% of CA and
peri-arrest, again ruling out potential interference
with CPR manoeuvres. US diagnostic and thera-
peutic impact was also validated. 
Most recently we proposed a simplified US

protocol19 that can be easily inserted in the com-
mon ALS algorithm for non-shockable rhythms,
called with the “mnemonic” acronym “PEA pro-
tocol”. Such protocol’s name may help to re-
member either the applications of the study (CA
in PEA) or the US scan sequence to be per-
formed (“P” for Parasternal, “E” for Epigastric
and “A” for Abdomen and other scans). 

PEA Protocol

Definition
The revised PEA protocol we propose in this

review consists of a codified 3 scan sequence of
US views to be integrated into ALS algorithm
during CPR, in order to recognize underlying re-
versible causes of CA. According to previous re-
ports14,25 the beginning by cardiac imaging, a
“black box” in most cases of CA26, is recom-
mended for obtaining the most important critical
findings on pericardium cavity and myocardial
sides and motion (main scans). Then, the other
pleuro-pulmonary (complementary scans), tho-
racic abdominal and peripheral scans (additional
scans) are carried on in agreement with the sus-
pected diagnosis based on patient’s history, clini-
cal data and just obtained focused cardiac US
findings (Figure 2):
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Figure 2. PEA Protocol scheme is an easily remembering US sequence, consisting in 3 US focused scan approach: P = Pul-
monary for pleural and pulmonary affections (blue), E = Epigastric and other scans for pericardium, heart, inferior vena cava
(IVC) (red), and A = Abdominal and other scans for thoracic or abdominal aortic aneurism or dissection, abdominal effusion,
bowel occlusion and/or perforation, deep venous thrombosis (DVT) (green). The team leader may each time choose to make
the temporal sequence fit clinical signs or technical necessities. However, we recommend beginning with the E = Epigastric
and the other cardiac views (main scans) to obtain maximal information about reversible causes of cardiac arrest, then carrying
on P = Pulmonary (complementary scans) and A = Abdominal (additional scans) US examination, according to preliminary
cardiac US findings.

Pulmonary scans
(Pneumothorax,

pleural effusion, wet
or dry lung)

Epigastric and
other scans

(Tamponade, IVC,
heart sides and

motion)

Abdominal and
other scans

(Aorta, bowel
occlusion, abdominal

effusion, DVT)

ly to the ABCDE evaluation, with the aim to de-
pict and treat the potential causes each time they
are encountered; in this case the performance of
all scans is not necessary24. In the end, if there is
a specific clinical suspicious, a focused approach
is advised, beginning just from the site of the di-
agnostic doubt (lung in case of suspected pneu-
mothorax, or abdomen for abdominal aortic
aneurism, or performing a CUS for a suspected
pulmonary embolism), then proceeding accord-
ing to the first findings. In peri-arrest setting,
moreover, a more complete and accurate evalua-
tion is possible: for example on pulmonary scans
a pneumonia or an empyema can be investigated
in a dyspnoeic and/or septic patient. Further-
more, other than thoracic even septic cardiac foci
could be investigated (endocarditis) and abdomi-
nal (free or saccate peritoneal fluid collection, or-
gan abscesses, hydronephrosis)19. 

Tecnique and US Findings
P = Pulmonary Scans
What about the lung? The parasternal window,

performed by a convex transducer put longitudi-
nally in the second or third intercostal space, ad-
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thrombosis. Presence of wall motion, pulseless
and electrical activity means a pseudo-PEA (hy-
povolemia, cardiac tamponade, tension pneu-
mothorax). If hypovolemia is suspected, the ab-
dominal scans (A) should be then carried out to
find potentially underlying pathologies (peri-
toneal effusion, abdominal aortic aneurism, bowel
occlusion or perforation). Finally, if tamponade is
found, US examination should be completed by
the thoracic parasternal or suprasternal scan to de-
pict potential aortic dissection.
Several studies confirmed that US examination

didn’t delay the normal CPR manoeuvres. Nien-
dorff et al25 found that the average total CPR
pause to US lasted less than 20 seconds and Bre-
itkreutz et al26 added that such time for US exam-
ination decreased after training. 

Peri-arrest Conditions 
In the peri-arrest conditions, instead, the se-

quence scan could be performed from the begin-
ning, following the order codified in the PEA
protocol (Pulmonary-Epigastric-Abdomen), as it
should be done in the EFAST. Moreover, the US
examination can be carried out fitful concurrent-
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jacent to the sternum regulating the depth very
low (6-8 cm), can easily exclude or confirm the
diagnosis of pneumothorax. Several studies have
demonstrated the accuracy of US in detecting
PNX30,31. Three US findings should be searched:
(1) the “gliding (or sliding) sign” whose pres-
ence allows to exclude almost absolutely pneu-
mothorax and whose absence allows to confirm it
with high accuracy (possible false positive results
include fibrothorax, pneumonectomy, talc pleu-
rodesis, wrong intubation, lung fibrosis, lung
consolidations, acute respiratory distress syn-
drome (ARDS)30; (2) ultrasound lung comets
(ULCs)28 or B lines29, longitudinal artifacts aris-
ing from the pleural line and moving consensual-
ly to the gliding: ULCs are commonly detectable
in healthy people, therefore they are wanting in
clinical relevance. Even just one ULC allows,
however, to rule out pneumothorax, while the ab-
sence of ULCs itself has not a diagnostic value.
Many ULCs or even confluent depict interstitial-
alveolar syndrome (“wet lung”), typical of pul-
monary oedema, ARDS, pneumonia, lung contu-
sion and other interstitial pathologies; (3) the
anechoic fluid collection in specific areas, limit-
ed by anterior chest wall and hemidiaphragm
with lower lung lobe floating inside it32. 
Other than the diagnosis of pneumothorax,

chest scans are so a natural conclusion of cardiac
examination (complementary scans). The detec-
tion of a wet lung, exactly, gives information
about a left ventricle (LV) failure, worsened by
an acute coronary syndrome (LV motionless), a
deterioration of dilated cardiomiopathy (wide
and quite still LV) or a diastolic failure (hyper-
trophic wall of LV). A dry lung, however, does
not exclude other global obstructive causes (car-
diac tamponade) or against right sections (pul-
monary embolism and tension pneumothorax)
and not obstructive one (hypovolemia)14,32. Lung
evaluation of the basis performed by coronal
scans, finally, provides information on the pres-
ence of pleural effusion. A massive pleural effu-
sion (traumatic, iatrogenic or neoplastic hemoth-
orax) could be a potential cause of hypovolemia;
instead if it is small and bilateral, it could be as-
sociated to wet lung in LV failure.

E = Epigastric and Other Scans
Principal heart view in emergency setting is

subcostal long axis, with extension to longitudi-
nal IVC view by transducer movement on the
right side and rotation of the probe. Alternative

views include apical scan on 5th intercostal space
on midclavicular or midaxillary line, using the
phased array transducer, regulating the depth to
high values (16-20 cm), looking for the standard-
ized US 4 or 5 chambers view. Five US findings
should be investigated: (1) pericardial effusion
with cardiac tamponade US signs (sistolic right
atrium and/or diastolic right ventricle collapse);
(2) global pump function, resulting absent or se-
verely hypokinetic (true PEA) or hyperkinetic
(pseudo-PEA); (3) left ventricle chamber (en-
larged or empty), wall dimension (hypotrophic in
systolic heart failure or hypertrophic in diastolic
heart failure) and its motion (ischemic damage):
such finding, effective in peri-arrest and in post
ROSC setting, results non-specific during CPR
because of myocardial “stunning”; (4) right ven-
tricle enlargement (≥ left ventricle) and hypoki-
nesy (McConnell sign), suggestive of massive
pulmonary embolism, even though non-specific
(chronic cor pulmonale)14,25,26; (5) IVC filling: its
diameter should be measured just upstream of
the origin of the hepatic veins, both in two-di-
mensional mode and in M-Mode33,34. A full IVC
(>20-25 mm), corresponding to a high right atri-
um pressure, could be detected, other than in mo-
tionless heart, in cardiac pump failure and in the
so-called obstructive causes of CA, such as car-
diac tamponade, pulmonary embolism and ten-
sion pneumothorax. A collapsed or flat IVC (<5
mm) is expression of hypovolemia and is con-
nected with fluid responsiveness of the patient35.
In patients not mechanically ventilated (peri-ar-
rest for example, or shocked patients in sponta-
neous breathing) the values of filling are well
correlated with right atrium pressure too, as
demonstrated from the study of Kircher36, the
maximum diameter of IVC being during expira-
tion in spontaneous breathing. Manifest modifi-
cations of valves could complete the evaluation
of cardiac dynamics. 

A = Abdominal and Other Scans
This third group of US scans in PEA protocol

are carried out using phased array, convex or lin-
ear transducer, depending on whether thorax, ab-
domen or the lower limbs, respectively, should be
studied (Figure 2). 
The left parasternal scan on the 3rd or 4th inter-

costal space could be asked to look for a dissec-
tion of thoracic aorta or of a quite broken
aneurism as cause of pericardial effusion, in the
aim to indentify patients who need heart-surgery. 

A. Testa, G.A. Cibinel, G. Portale, P. Forte, R. Giannuzzi, G. Pignataro, N. Gentiloni Silveri



In case of cardiac US findings suggestive of
hypovolemia, abdomen deserves an accurate
evaluation to research free blood or fluid collec-
tion, by broken abdominal aortic aneurism or of
an other bowel artery, ectopic pregnancy, bowel
occlusion and/or perforation. There is not a sin-
gle position: (a) the upper lateral abdominal re-
gions and pelvis should be investigated to ex-
plore the most dependent peritoneal site
(Morison’s pouch) and the other principal spaces
(perisplenic and pelvic), and the genito-urinary
tract; (b) the epigastrium for the study of abdom-
inal aorta; (c) the mesogastrium for bowel loops,
eventually taut and for the research of fluid
among loops. Finally the evaluation of kidney
and urinary tract should not be forgotten in order
to early detect an obstructive renal failure, poten-
tially cause of hyperkaliemia, of acute heart fail-
ure and urinary sepsis.
Moreover, supplemental US scans can be use-

ful to detect deep venous thrombosis by compres-
sion US (CUS) on the lower limbs37. Even if
time-consuming, these peripheral US scans (ab-
dominal and lower limbs) can be performed even
during CPR, without preventing resuscitation
manoeuvres.

Main Recognized US Pictures
The potential US findings during CPR are

summarized above and the relative US images
showed in Figure 3. Diagnostic conclusion and
relative treatment are also presented.

Asystole
Absence of wall movement means true PEA, if

a rhythm is present on monitoring. From data
currently available in literature should derive a
diagnostic accuracy of US near 100% in detect-
ing a cardiac finding of absolutely absence of
heart motion38. If such considerations will be
confirmed, the finding of a motionless heart dur-
ing CPR manoeuvres could represent the indica-
tion for the interruption of further useless at-
tempts39.

Myocardial Insufficiency
A severe failure of LV systolic function is

suggested by a global or segmental wall motion
reduction. The presence of a wide LV hypokine-
sia, especially in a peri-arrest setting or at the
most at the beginning of CPR, connected to a

lung pattern of interstitial-alveolar syndrome
with or without bilateral pleural effusion and a
flat IVC, let think of an acute coronary syn-
drome or of a worsening of heart failure. The
presence at the same time of a compensatory
hyperkinesia of some segments not involved in-
to the ischemic event suggests however an acute
occurrence. On the other hand, the maintenance
of a normal myocardial kynesis in the doubt of
an acute ischemic coronary event, would ex-
clude almost completely an acute myocardial
infarction40. A severe left ventricle hypertrophic
wall means the possibility of a diastolic heart
failure, especially if linked to a fill IVC and wet
lung.

Hypovolemia
Presence of heart wall motion, pulseless and

electrical activity means a pseudo-PEA. A low
LV telediastolic volume, even detected from a
rough macroscopic evaluation, if added to a
low RV volume, represents itself an accurate
parameter of a hypovolemic condition41. The
absence of a lung interstitial-alveolar syndrome
(dry lung) and of pleural effusion consolidates
the diagnosis of hypovolemia. The presentation
begins standard if there is an empty IVC: in a
peri-arrest or CA setting at the beginning of
CPR, an IVC <5 mm or completely collapsed
should be considered a sufficient parameter to
begin an aggressive fluid resuscitation by crys-
talloid and colloid14,35. US exploration could be
extended, as soon as possible, by peripheric
chest and abdominal scans to search potential
blood (hemothorax, hemoperitoneum) or fluid
collection (bowel occlusion/perforation) and to
detect possible occult hemorrhagic source (rup-
ture of abdominal aortic aneurism or ectopic
pregnancy).

Cardiac Tamponade
A pericardial effusion with US signs of tam-

ponade, “dry lung” and a fill IVC depict the case
of cardiac tamponade, accurate sonographic find-
ing in every phase of CA and peri-arrest, even if
performed by non-expert physicians42,43. The ex-
ternal jugular vein filling and pulseless during
CPR represent non-specific clinical signs, de-
tectable for example even in pulmonary em-
bolism and in tension pneumothorax. Beside the
high diagnostic accuracy, US could be really
helpful as guidance in the following therapeutic
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Figure 3. Main US pictures quickly recognizable by application of PEA protocol, beginning from cardiac findings (E = epi-
gastric) and going on with complementary thoracic (P = pulmonary) and/or other additional US views (A=Abdomen and other
scans), during CPR in CA, and corresponding diagnoses and consistent therapeutic decisions. Legends: CPR = cardiopul-
monary resuscitation; CA = cardiac arrest; ULCs = ultrasound lung comets; IVC = inferior vena cava; DVT = deep venous
thrombosis; PEA = pulseless electrical activity; PTCA = percutaneous transluminal coronary angioplasty.



procedure of pericardiocentesis: you should sting
where you can see fluid collection on US scan. A
hemopericardium with cardiac tamponade could
represent the first sign of an aortic rupture or dis-
section: heart-surgery is the only therapeutic and
final chance and so the early detection is highly
advisable. Extending US evaluation to the great
vessels origin by parasternal and eventually
suprasternal scans, though with low sensibility,
could result however basic, if transesophageal
approach is not available.

Pulmonary Embolism
Enlarged right ventricle and fill IVC mean pul-

monary hypertension (pulmonary embolism?). A
negative chest US finding (dry lung) does not rule
out pulmonary embolism, therefore concurrent
CUS of lower limb veins is required to confirm
diagnosis. However, studies showed that diagno-
sis of pulmonary embolism by chest US can actu-
ally be supported by depiction of wedge-shaped
hypoechoic homogeneous pleural based lesions,
suggesting early stages of pulmonary infarction44.
Transthoracic US has been widely evaluated in
the complex diagnosis of pulmonary embolism,
even besides CA and peri-arrest settings, with
sensibility evaluation about 50% and of specifici-
ty about 90%45,46. Diagnostic accuracy of such
technique rises proportionally to the importance
of embolism, where the major hemodinamic com-
promission is connected to a bigger risk of CA47.
The end of the cardio-pulmonary US examination
by performing a lower limb CUS in order to re-
search deep venous thrombosis allows to confirm
the diagnosis of pulmonary embolism in 39% of
cases, with a specificity of 99%48. Pulmonary em-
bolism accounts for cause of CA on the whole in
5% of cases49, but such prevalence reaches 36%
of PEA cases50. In other retrospective autoptic
studies in case of CA from pulmonary embolism,
shockable rhythms have a prevalence of 5%,
while the remaining 95% concerns non shockable
rhythms, with a prevalence of PEA (63%) over
asystole (32%)49. Thrombolysis efficacy seems
corroborated by clinical trials and could represent
a critical point in the research of an improvement
in PEA outcome.

Tension Pneumothorax
In tension pneumothorax heart finding is es-

sentially normal or small and hyperkinetic, IVC
is fill but above all the “gliding sign” is missing

in the affected side explored on parasternal
scan30. Sometimes iatrogenic, or subsequent to an
attempt of central catheter positioning or due to
artificial ventilation in a patient with small pneu-
mothorax, tension pneumothorax or “valve pneu-
mothorax” represents a promptly reversible cause
if recognised and managed by thoracentesis by
needle and then by drainage. Diagnosis is above
all clinic, suggested by high tympanites, reduc-
tion of vesicular respiration, opposite deviation
of trachea and jugular swelling (Table I), but this
is not easy detectable in the caotic setting of the
Emergency Room. Pathogenesis is typically
referable to atrio-caval junction torsion, with
consequent right chambers repletion lack, which
is the cause of CA. However, recent indications
from animal experiments and human experiences
ascribe the primary pathogenetic role moreover
to hypoxia due to the wide right-left shunt in not
ventilated lung: on hypoxia would depend the
respiratory center damage and then the respirato-
ry arrest. Hemodinamic parameters, instead,
would be poor modified, at least in an early
phase: CA arrest would represent, so, a late event
and follows respiratory arrest51.

Conclusion

The widespread use of bedside emergency US
is the direct consequence of a series of related
events, all directed towards improving patient
management at the point of care. Advances in
technology have led to smaller, portable and easi-
er to use US equipment with increasingly better
image quality, specifically designed for Emer-
gency Medicine. On the other hand, the increas-
ing emphasis on patient safety, quality care, effi-
ciency, less invasive treatment and non-ionizing
imaging have found a natural fit with the advan-
tages of US. Developed Countries have rapidly
adopted emergency US and developing Nations
naturally supplant other traditional and more ex-
pensive diagnostic techniques with US. The
emergency US is now considered an essential
skill in the practice of Emergency Medicine52.
Many fellowship programs now exist worldwide,
providing basic and advanced education and
training for emergency physicians. Moreover, in
some scientific communities the US education
needs to be structured to allow emergency medi-
cine residents to incorporate US into their daily
clinical practice18.
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Large randomized controlled trials have to be
performed to complete an assessment of the sci-
entific evidence on the effectiveness of emer-
gency US in acute resuscitation. In our opinion,
the universal ALS algorithm could update by
technology, adding in the non-shockable rhythm
branch US aid, as the shockable branch has al-
ready gained defibrillator (Figure 1). Clinical US
with a simplified and codified protocol, like PEA
protocol, could be early feasible as complimenta-
ry to the physical examination in the assessment
of CA during most circumstances and sites. As
recently proposed15, we hope the “chain of sur-
vival” could be early enriched by inserting a
“fifth circle” to identify and treat reversible caus-
es of CA.
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