Focused echocardiographic evaluation in resuscitation
management: Concept of an advanced life support—conformed

algorithm
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Emergency ultrasound is suggested to be an important tool in
critical care medicine. Time-dependent scenarios occur during
preresuscitation care, during cardiopulmonary resuscitation, and
in postresuscitation care. Suspected myocardial insufficiency due
to acute global, left, or right heart failure, pericardial tamponade,
and hypovolemia should be identified. These diagnoses cannot be
made with standard physical examination or the electrocardio-
gram. Furthermore, the differential diagnosis of pulseless electri-
cal activity is best elucidated with echocardiography. Therefore,
we developed an algorithm of focused echocardiographic evalu-
ation in resuscitation management, a structured process of an
advanced life support-conformed transthoracic echocardiogra-
phy protocol to be applied to point-of-care diagnosis. The new
2005 American Heart Association/European Resuscitation Coun-
cil/International Liaison Committee on Resuscitation guidelines
recommended high-quality cardiopulmonary resuscitation with

minimal interruptions to reduce the no-flow intervals. However,
they also recommended identification and treatment of reversible
causes or complicating factors. Therefore, clinicians must be
trained to use echocardiography within the brief interruptions of
advanced life support, taking into account practical and theoret-
ical considerations. Focused echocardiographic evaluation in re-
suscitation management was evaluated by emergency physicians
with respect to incorporation into the cardiopulmonary resusci-
tation process, performance, and physicians’ ability to recognize
characteristic pathology. The aim of the focused echocardio-
graphic evaluation in resuscitation management examination is to
improve the outcomes of cardiopulmonary resuscitation. (Crit
Care Med 2007; 35[Suppl.]:S150-S161)
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n emergency and critical care
medicine, the old and new Amer-
ican and European resuscitation
guidelines of the American Heart
Association, European Resuscitation
Council, and the International Liaison
Committee on Resuscitation (1-4) rec-
ommended identifying and treating cor-
rectable causes of cardiopulmonary ar-
rest. Patients must be treated using
algorithm-based management such as ba-
sic life support (BLS) and advanced life

From the Department of Anesthesiology, Intensive
Care, and Pain therapy (RB), the Department of Trauma
Surgery (FW), and the Department of Cardiology (FHS),
Hospital of the Johann-Wolfgang-Goethe University,
Frankfurt am Main, Germany.

The authors have not disclosed any potential con-
flicts of interest

Presented, in part, at the First and Second World
Congresses on Ultrasound in Emergency and Critical
Care Medicine, Milan, Italy, June 2005, and New York,
NY, June 2006 (http://www.winfocus.org).

For information regarding this article, E-mail:
raoul.breitkreutz@gmail.com.

Copyright © 2007 by the Society of Critical Care
Medicine and Lippincott Williams & Wilkins

DOI: 10.1097/01.CCM.0000260626.23848.FC

S150

support (ALS). Time is an essential com-
ponent for successful cardiopulmonary
resuscitation (CPR) (5). Any diagnostic
procedures and interventions must yield
quick results to identify the underlying
cause. “Point-of-care focused ultrasound”
or “goal-directed ultrasound” in the eval-
uation of nontraumatic, symptomatic,
undifferentiated hypotension in adult pa-
tients results in a narrower differential
diagnosis and a more accurate physician
impression of final diagnosis (6). These
authors have shown that, in emergency
rooms, the immediate application of
sonography could result in improved pa-
tient outcome (6). Myocardial function
during CPR is still underdiagnosed and
remains a “black box” in most cases. Po-
tentially treatable causes of sudden car-
diac arrest, such as pericardial tampon-
ade, cardiogenic shock, myocardial
insufficiency (resulting from coronary or
pulmonary artery thrombosis), or hypo-
volemia, should be detected or excluded
as soon as possible, even on scene.
Important treatable causes of asystole
are large, hemodynamically relevant peri-
cardial effusions, which are regularly found

after thoracic and cardiac surgery and in
nontrauma in-hospital emergencies (7, 8).
Another important issue is the differential
diagnosis of pulseless electrical activity
(PEA), which essentially requires echocar-
diography to either rule in or rule out crit-
ical findings (9-13). However, the new Eu-
ropean Resuscitation Council 2005
guidelines recommend echocardiography
in PEA or asystole after cardiotomy only,
but they do not stipulate how it is to be
performed (7). Furthermore, the new Amer-
ican Heart Association/European Resuscita-
tion Council/International Liaison Commit-
tee on Resuscitation 2005 resuscitation
guidelines set narrow time intervals for
echocardiographic examination, due to po-
tential detrimental effects and the require-
ment of rebuilding coronary perfusion
pressure (14). Pauses in chest compression
were recommended to be “brief interrup-
tions” for adult ALS (4, 7) and of a maxi-
mum of 10 secs for pediatric ALS (15) to
reduce the duration of no-flow intervals
(NFTs), thereby limiting potential transtho-
racic ultrasound examinations. Unfortu-
nately, there is a lack of recommendations
regarding time frames of any interruptions,
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Figure 1. Focused echocardiographic evaluation in resuscitation management (FEER) in emergency and critical care medicine. Algorithm with indications
and workflow (a); integration into advanced life support (ALS) (b); road map of repeated use of FEER during resuscitation stages (c). FEER has to be
completed within 5 secs during pauses of cardiopulmonary resuscitation (CPR). PEA, pulseless electrical activity; PM-ECG, pacemaker—electrocardiogram;
RV, right ventricle; LV, left ventricle; VF/pulseless VT, ventricular fibrillation/pulseless ventricular tachycardia; end-exp. CO,, end-expiration CO,; BLS,
basic life support; ED/ICU, emergency department/intensive care unit.

and no specific time intervals are given for
a maximum duration of rhythm analysis or
other standard care interventions.

A major challenge is recognizing re-
turn of spontaneous circulation when no
central pulse is palpable. New evidence is
available that a “subclinical” return of
spontaneous circulation (mechanical car-
diac output) can be detected with the use
of an echocardiogram (9, 12). We know
that even health professionals are inse-
cure and take too long in detecting a
carotid pulse or respiratory effort (16—
19). Standard measurements, including
peripheral oxygen saturation with pulse
curve or noninvasive blood pressure mea-
surement, are unreliable in severe hypo-
tension or shock, and it can take >10
secs to obtain such a critical result (2,
15). In fact, such measures have not been
studied as independent markers during
CPR. Only limited evidence is available
on strategies using end-tidal CO, mea-
surement (20).

Any CPR, regardless of the environ-
ment, is a relatively chaotic situation, po-
tentially involving several health profes-
sionals. Consequently, a structured process
for a focused echocardiographic examina-
tion and for recognition of relevant pathol-
ogy during resuscitation management is
mandatory. This type of echocardiography
also has to conform to the universal ALS
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algorithm (1-3, 15). Therefore, we devel-
oped a simple algorithm of focused echo-
cardiographic evaluation in resuscitation
(FEER) to be performed in a time-sensitive
manner (21) (Fig. 1, Table 1).

Focused Echocardiographic
Evaluation in Resuscitation:
Practical Considerations

The FEER examination is a ten-step
procedure (Table 1). Its structure is de-
signed to be executed simultaneously
during CPR cycles to prevent any in-
crease in the duration of the NFI and to
reduce unwanted interruptions. It in-
cludes a practical approach that can be
separated into four distinct phases. The
practical approach of the FEER examina-
tion follows in more detail.

Preparation Parallel to CPR. In the
first phase, high-quality CPR should be
initiated (1-3, 15) by at least two rescuers
according to the resuscitation guidelines.
The preparation of the FEER examination
starts with informing the rescue team
that a qualified person, the emergency
physician (EP) or intensivist (INT), is pre-
paring to obtain an echocardiogram.
Preparation includes removing clothes
from the patient as needed, preparing the
ultrasound device and ultrasound gel,
and most importantly, the EP/INT them-

selves have to adapt to the patient’s su-
pine position. The probe should be loaded
with transmission gel, be functionally
tested, and be kept ready to start. These
steps are important to minimize CPR in-
terruption time. The preparation phase
ends with signaling the team to be ready
to perform an echocardiogram.
Obtaining an Echocardiogram Within
Approximately a 5-sec Pause of CPR. In
the second phase, one rescue team mem-
ber should be selected to count down 10
secs and to palpate the carotid pulse si-
multaneously within the interruption.
Thereafter, the examiner should give a
concise command, “Interrupt at the end
of this cycle for echocardiography,” to the
team. Parallel to the chest compressions,
the examiner should palpate the patient’s
xiphoid and press the probe during the
final chest compressions, about 2 cm,
slightly to the right side lower in the
subxiphoid region and in a flat angle (10
degrees) relative to the abdomen to ob-
tain a glimpse of the ventricles. On dis-
continuation of chest compression, the
probe must be positioned and calibrated
as fast as possible to gain a complete
four-chamber view from the subcostal
window. The ventricles, atria, and valves
should be visualized in one view (12).
Ideally, a description of the real-time ob-
servation should be reported directly to
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Table 1. Focused Echocardiographic Evaluation in Resuscitation (FEER) management examination in
ten steps?

Phase Step with Command, Element

1) Perform immediate and accurate BLS and ACLS according to
AHA/ERC/ILCOR guidelines, at least five cycles of chest
compression/ventilation

2) Tell the CPR team: “I am preparing an echocardiogram”

3) Prepare portable ultrasound (let prepare) and fest it

4) Accommodate situation (e.g., best position of patient and
doctor, removal of clothes), be ready to start

5) Tell CPR Team to count down 10 secs and to undertake a
pulse check simultaneously

6) Command: “Interrupt at the end of this cycle for
echocardiography”

7) Put the probe gently onto the patients subxiphoidal region
during chest compressions

8) Perform a subcostal (long axis) echocardiogram as quickly as
possible. If you cannot identify the heart after 3 secs, stop
the interruption and repeat again five cycles later and/or
with the parasternal approach.

9) Command after 9 secs at the latest: “Continue CPR” and
control it

10) Communicate (after continuation of chest compressions
only) the findings to the CPR team (e.g. wall motion, heart
is squeezing, cardiac stand still, (massive) pericardial
effusion, no conclusive finding, suspected pulmonary artery
embolism, hypovolemia) and explain consequences and
follow-up procedure

High-quality CPR, preparation,
team information

Execution, obtaining the
echocardiogram

Resuming CPR

Interpretation and
consequences

CPR, cardiopulmonary resuscitation; BLS, basic life support; ACLS, advanced cardiac life support;
AHA/ERC/ILCOR, American Heart Association (AHA), European Resuscitation Council (ERC), and the
International Liaison Committee on Resuscitation (ILCOR).

“?A practical approach is depicted. Because CPR interruption is limited to a maximum of 10 secs
within the advanced life support, it is necessary to give clear commands. Note that the echocardiogram
is undertaken after clear preparation only in step 8.

Table 2. Potential echocardiographic findings during cardiopulmonary resuscitation®

Possible Echocardiographic Findings (Qualitative) Diagnoses

Circulation present
Proven cardiac standstill

Wall movement
No wall movement in asystole, pulselessness, PEA, other
rhythms
Limited pump function
Severely limited
Moderately limited

Myocardial insufficiency

Wall motion, pulselessness, regular rhythm Pseudo-PEA
No wall motion, pulselessness, regular rhythm True PEA
Hypercontractile ventricular walls, underfilled right Hypovolemia

ventricle and atrium, hypotension, tachycardia,
“kissing” trabecular muscles
Enlarged right ventricular cavum, “D-sign”
Pericardial effusion (small or massive) and pericardial
tamponade

Suspected pulmonary artery embolism

Pericardial effusion (small or
massive), with or without
functional relevance, tamponade

No conclusive finding No diagnosis

PEA, pulseless electrical activity.

“Note that the physician has to be trained to quickly recognize possible echocardiographic findings
according to the Focused Echocardiographic Evaluation in Resuscitation (FEER) management exam-
ination to identify the corresponding diagnoses.

i

“pericardial effusion,” or “hypovolemia’
(Tables 1 and 2). When the countdown is
at 5 secs, the EP/INT must inform the
rescuers to continue chest compressions.

the rescue team. Statements may in-
clude, “heart is squeezing/contracting,”
“wall motion detectable,” “heart is mo-
tionless/still,” “enlarged right ventricle,”
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Evaluation of the Echocardiogram
While Continuing CPR. The third phase
involves a continuation of high-quality
CPR and evaluation or playback of the
echocardiogram results. Ideally, the
echocardiogram should not be repeated
until compressions and ventilation have
been restarted and allowed to continue
for at least five more cycles, including
rhythm analysis (Fig. 1, b and ¢). Depend-
ing on the device, the EP/INT may re-
sume the video “loop” while CPR contin-
ues and show it to any colleague that may
have arrived at the scene or discuss it
later. One may reconsider the observa-
tion and come to a clear diagnosis or
should state “no significant observation”
or “bad quality” if no valuable result was
found due to approach or quality of the
image. Note that only a precise interpre-
tation and documentation may be of use
and will be supported by further specialist
treatment.

Results, Follow-Up Information, and
Consequences. In the fourth phase, the
EP/INT should clearly communicate his
or her findings and state follow-up con-
sequences to the team. A decision should
be made if and when to repeat FEER.

Scientific and Clinical Basis of
ALS-Conformed Echocardiography

The most limiting factor in applying
FEER within CPR is thought to be the
danger of a prolonged NFI. With a strong
emphasis on this issue, several questions
have to be answered scientifically.

What Are the Indications for an Im-
mediate “Emergency Echocardiogra-
phy”? There are only a few indications to
perform an emergency echocardiogram,
which are listed in Table 3. One should
perform an echocardiogram in preresus-
citation care, during CPR itself or in post-
resuscitation care, and once circulation
has been established to optimize cardiac
output by adapting vasopressors (22-24).

How Should an Echocardiogram Dur-
ing Resuscitation Management Be Per-
formed? The standardized sequence to
obtain a routine echocardiogram is nor-
mally parasternal-apical-subcostal in a
patient who is turned on his or her left
side. The subcostal window represents
only an optional view. However, a patient
undergoing CPR is normally in a supine
position and artificial ventilation is likely.
Because the heart is easier to access with
artificial ventilation during inspiration,
the FEER examination starts with the
subcostal window (25). If this option fails,
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Table 3. Indications for an immediate echocardiography in periresuscitation care

Preresuscitation care Penetrating trauma, blunt trauma

Postcardiotomy due to cardiac surgery

Hypotension, shock of unknown origin

Unconsciousness, unresponsiveness

Acute severe dyspnea
Syncope in young adults
Vein thrombosis

Acute myocardial infarction (AMI), mechanical complications of AMI

“Atypical” chest pain: suspected aortic dissection, suspected aortic
abdominal or thoracic aneurysm, nontraumatic cardiac rupture

Iatrogenic complications because of invasive procedures (e.g. insertion
of an artificial pacemaker, pulmonary artery catheter,
electrophysiologic investigative procedures)

Great-vessel disease

Pulseless electrical activity

Suspected cardiac tamponade

Early detection of ROSC

Bradycardia-asystole, pacemaker-ECG

Performance of CPR

Effectiveness of chest compressions

Hypotension, adaptation of vasopressors

Resuscitation (CPR)

Postresuscitation care

CPR, cardiopulmonary resuscitation; ROSC, return of spontaneous circulation; ECG, electrocardiogram.
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Figure 2. Use of M-mode in emergency echocardiography. @ and 5, Normal wall motion (subcostal
window, long axis). LV/RV, left or right ventricular cavum; FP, anterior fat pad. Note that the
pericardium (P) follows the epicardium (£) in waveforms and that E/P are tight together. c—,
Parasternal window, long axis. ¢, Pericardial effusion (PE); note that P and E are separated by the PE
and that P is found as a flat line. d, Pleural effusion (P/-E); the LV is clearly identified with unseparated
posterior E and P. e, True pulseless electrical activity, regular electrocardiographic rhythm without
wall motion. £, Cardiac standstill, no regular electrocardiographic rhythm or wall motion.
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it uses the parasternal window, long-axis,
or short-axis view and only later the api-
cal four-chamber view if there is insuffi-
cient visualization. In addition, the FEER
examination for nonexpert sonographers
requires simplification in the context of a
time-dependent investigation. It does not
claim absolute quantitative accuracy.
Therefore, it uses “eye-balling” (26), or a
semiquantitative measurement of myo-
cardial function with the educated eye.

How Should an Emergency Echocar-
diogram Be Documented? In principle,
portable echocardiography has to fulfill
the same image quality requirements as
standard techniques (27). Any documen-
tation must contain valid data with the
option to be re-evaluated at a later time.
It is important to show the valves clearly
to provide a complete and standard view
of the heart. Regarding bradycardia-
asystole, with a suspected cardiac fre-
quency down to 20 beats/sec, a record of
an examination should contain a loop of
video of >3 secs. Another option is to
document an M-mode picture, which en-
ables a post hoc analysis of wall move-
ment, pericardial effusion, or enlarged
right ventricle, all in only one picture
(Fig. 2). A standard M-mode picture is
normally obtained from the parasternal
long-axis window. When an M-mode from
the subcostal window is used, it has to
show clear anatomic structures. This is
best performed by a tiled B- and M-mode
in one picture (Fig. 2). To document PEA
findings, an M-mode echocardiogram
containing the electrocardiographic
stripe may be suitable.

When Should an Echocardiogram
During CPR Be Performed? Does an ALS-
Based Echocardiogram Interfere with
Phases, Intervals, or Any Other Interven-
tion During CPR? Is the Patient Harmed
by Interrupting CPR? There are several
limitations. Any pause in CPR is poten-
tially harmful because it may decrease
the probability of return of cardiac func-
tion (14). In principle, FEER could be
applied during the BLS. The first diag-
nostic block with an approximate time
frame of 10 secs mainly addresses “look,
listen, and feel” (1-4, 15) for health pro-
fessionals (Fig. 1c). No studies could be
found supporting primary use of echocar-
diography to detect signs of life (signs of
circulation), although it is assumed that
it would be highly sensitive and specific
and at least as good as checking for
breathing or pulses (16—19). An echocar-
diogram could also be performed in par-
allel to rhythm analysis. Although, theo-
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retically, there should be no electrical
interference from either electrocardiogra-
phy or ultrasound equipment, this possibil-
ity has not been well studied. Niendorff et
al. (28) used emergency cardiac sonogra-
phy stepwise after an initial assessment of
the patient with suspected PEA during the
next noticeable pause of the rescue team.
Although look, listen, and feel also ad-
dresses the assessment of “signs of circula-
tion” or “signs of life” in brief pauses in
CPR, ALS-conformed echocardiography
may be faster and more sensitive than
any clinical observation. More conserva-
tively, we actually apply FEER in ongoing
CPR only after 6 mins, when high-quality
CPR was initiated and rescuers per-
formed CPR cycles regularly. Only after
having performed a minimum of five addi-
tional CPR cycles (2 mins) after the last
rhythm analysis is an interruption consid-
ered (1, 2, 4). Because there is no rule to
terminate resuscitative efforts, one should
continue CPR for 20—45 mins (or even
longer if indicated) (29) when there may be
some occasions to utilize FEER.

We analyzed typical phases and inter-
ruption intervals during BLS/ALS to iden-
tify relevant time windows for dummy-
echocardiography and hypothesized that
this intervention will not result in prolon-
gation of sensitive time intervals during
CPR. Eighteen groups of paramedics per-
formed a two-rescuer CPR scenario (30).
Equipment included: Resusci Anne (Laer-
dal, Stavanger, Norway), semiautomated
defibrillator (Zoll Medical, Cologne, Ger-
many), and a handheld ultrasound device.
In a randomized fashion, a third person was
allowed to use any interruption to apply
dummy-echocardiography without disturb-
ing CPR workflow. Prospectively, a protocol
defined five regular phases within BLS and
ALS. All sequences were recorded and ana-
lyzed in relation to specific time intervals
within these phases. Here, only the “old”
BLS/ALS algorithm was analyzed because
the studies began before November 2005.
BLS/ALS-related interruptions were (num-
bers are seconds * sp): 1) BLS: 34 + 3;2) two
breaths, 15 chest compressions (CPR cycle):
23 *+ 12; 3) applying electrocardiography and
analysis: 35 = 8; 4) parallel airway manage-
ment: 224 * 67; and 5) rhythm analysis and
three defibrillations: 40 + 5. No non-ALS—
based interruptions occurred in this model.
The results also showed that there were no
differences in the number and duration of
NFIs with or without dummy-echocardio-
graphy between the groups (Fig. 3).

Interestingly, dummy-echocardio-
graphy performed by a third person in-
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Figure 3. Comparison of duration of the no-flow
intervals during advanced life support (ALS)
training according to the European Resuscitation
Council (ERC) 2001 (upper two horizontal bars)
and ERC 2005 (lower bar) guidelines. No-flow
intervals are all black separations of the bar. A
randomized interruption with dummy-echocar-
diography (DUE) did not induce a prolongation of
distinct phases or the duration or number of
no-flow intervals. BLS, basic life support.

2005

duced improved regularity of perfor-
mance of the CPR cycles themselves.
Taken together, several time windows ex-
ist for a third person to perform echocar-
diography during a two-rescuer scenario.
A prolongation of CPR cycles, other
phases, or increased NFIs seemed to be
unlikely in this model. Nevertheless,
these preliminary results have to be re-
confirmed in ongoing work regarding the
effect of the new 2005 resuscitation
guidelines to markedly reduce the NFIs
(Fig. 3, lower bar). Salen et al. (9) and
Niendorff et al. (28) both recently pub-
lished results of ALS-based echocardiog-
raphy. However, besides Bocka et al. (12),
who initially admitted 5-sec interruptions
to obtain echocardiograms during CPR,
only Niendorff et al. (28) precisely men-
tioned the real time frame of seven valid
examinations. In this study, for rapid car-
diac ultrasound of inpatients with PEA
arrest by nonexpert sonographers, aver-
age emergency sonography was 19.6 secs,
although it was planned not to last longer
than 10 secs (28). One may also keep in
mind that the median time of interrup-
tion in cardiac massage necessary to fix
an additional tool in CPR (e.g., Lifestick)
was 20 secs (31).

Does the Application of ALS-Based
Echocardiography Result in Any Conse-

quences? Tayal and Kline (8) demon-
strated that pericardial effusion, detected
by a bedside emergency echocardiogram
in hospitalized nontrauma patients re-
ceiving CPR, is encountered more fre-
quently than expected (8). The study by
Niendorff et al. (28) presented only very
low case numbers. In contrast, Blaivas
and Fox (13) proposed that nontrauma
patients with an initial proven cardiac
arrest by echocardiography may not sur-
vive the emergency department, regard-
less of the electrical rhythm (13). Echo-
cardiography seemed to serve as an
independent prognostic marker (13). How-
ever, earlier studies revealed a higher per-
centage of visible myocardial wall motion
when an electrical rhythm was present, so
the term electromechanical dissociation
was considered to be a misnomer (12). Low
case numbers may limit the generalization
of the implication from these studies. In a
recent publication, Salen et al. (9) demon-
strated that all patients undergoing CPR
with suspected PEA and subsequent echo-
cardiographically proven wall motion
seemed to get return of spontaneous circu-
lation. In this study, the length of CPR was
not predictive for outcome, whereas echo-
cardiography in PEA was suggested to be
predictive for survival to hospital admission
(9). In an ongoing prospective, observa-
tional trial we tested a) the capability of
FEER to differentiate PEA states and b) the
feasibility of FEER in an out-of-hospital set-
ting using a mobile, battery-powered ultra-
sound system. Trained EP/INT conducted
the FEER examination as described in pre-
hospital cardiac arrest patients who were
being resuscitated. A total of 77 out-of-
hospital CPR cases (men, n = 54; women,
n = 23; age, 67 = 18 yrs) were included in
the FEER protocol. At arrival of the EP on
the scene, neither carotid pulse was palpa-
ble, nor were peripheral oxygen saturation
or blood pressure measurable in any one of
these patients. PEA was suspected in 30 of
77 cases. However, in 19 of 30 suspected
PEA cases, cardiac wall movement was de-
tected, and correctable causes such as peri-
cardial tamponade (n = 3), poor ventricu-
lar 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. In addition to differentiating
PEA states, FEER has the ability to identify
a pseudo-PEA state, allowing the continu-
ation of CPR and further treatment of the
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underlying disorder on the scene if possible
(32). Regarding the ability of echocardiog-
raphy to differentiate PEA, our data are
consistent with the results of Salen et al.
(9), Tayal and Kline (8), and Blaivas and
Fox (13).

What Level of Quality of Echocardio-
grams Can Be Expected During CPR?
Quality of ultrasound image in the above-
mentioned PEA patients was considered
to be good in 11 studies, sufficient in 21,
and poor in five and was determined to be
most feasible from the subcostal window
(n = 23 of 39). The study characterized
that the quality of mobile echocardiogra-
phy is limited and had a lower diagnostic
accuracy (33, 34).

Does Emergency Echocardiography
Improve Outcome? This crucial question
cannot yet be answered. To date, no study
has been performed to prospectively eval-
uate the utility of primary echocardiog-
raphy and its effect on outcome as the
main variable. An evidence-based positive
effect on patient outcome may be the
most important element required for
broad acceptance of the concept or
method. If the implications, reported by
Salen et al. (9), to improve outcome while
detecting pseudo-PEA could be extended,
it would have to be demonstrated in a
larger study population. The numbers re-
quired to treat or diagnose will be approx-
imately 1,000 CPR cases, to show or dis-
prove a benefit of echocardiography on
patient outcome. Is this an academic
question only? Who would finance an in-
vestigator-driven trial? It is regarded as
common sense that emergency echocar-
diography is a valuable tool and sensitive
in detecting certain pathology related to
critical care medicine. Although docu-
mentation in the memory of the device
will help to understand the initial find-
ing, there is no reference method avail-
able to express sensitivity and specificity
in a point-of-care setting. This reflects
the current dilemma. We think it may be
quite difficult to test for outcome in a
clinical trial with sufficient statistical
power, and we will only be able to test
and interpret surrogate markers. Thus,
this question may remain unanswered.

Educational Basis of
ALS-Conformed Echocardiography

We set up a 1-day course program on
focused echocardiography in emergency
and critical care medicine (25) for EP/INT
without previous knowledge in transtho-
racic echocardiography to answer a series

Crit Care Med 2007 Vol. 35, No. 5 (Suppl.)

of questions listed below. Trainees passed
a precourse test within the first hands-on
training session and received theoretical
and practical training with selected lec-
tures as an intervention. Finally a post-
course examination within the second
hands-on training session was completed
(Fig. 4).

Can EP/INT Learn to Apply an ALS-
Based Echocardiogram Within 5 secs?
We tested the hypothesis of whether EP/
INT can obtain a correct subcostal four-
chamber view, long axis, in a healthy
individual within 5 secs. To evaluate the
training progress, sequences of echocar-
diographic findings were recorded onto a
DVD and analyzed by a cardiologist who
was blinded to the participants. The suc-
cess rate was defined as obtaining the
correct picture within 30 secs and on
holding the view for =3 secs. Up to four
independent tests were performed. The
time utilized is depicted in Figure 4a. We
found an improving success rate, al-
though not every EP/INT was successful.
Instructors were able to achieve the cor-
rect view in <5 secs. Furthermore, in a
21-item multiple-choice questionnaire,
participants improved their theoretical
basis (Fig. 4d). Although we did not test
the hypothesis in actual patients with ar-
tificial ventilation, these preliminary re-
sults supported the hypothesis.

Can EP/INT Interpret a 5-sec Echo-
cardiogram-.mpeg Movie at a Glance? To
answer this question, we performed an ex-
periment by developing an automated com-
puter program, Emergency Echocardiogra-
phy Simulation Test (Die Infographin,
Frankfurt/Main, Germany). This program
was built with Macromedia Director (Adobe
Systems, Mountain View, CA) with Quick-
Time implementation (Apple Computer,
Cupertino, CA) and contained 15 echocar-
diography video clips on normal and patho-
logic findings, such as pericardial effusion,
reduced ventricular function, cardiac ar-
rest, PEA, hypovolemia, and normal loops,
all with a maximum length of 5 secs. Clips
were randomly included in the program. A
total of 12 trainees were included and had
never seen the clips before. They could view
the loops only once without replay and had
to give free statements and a multiple-
choice answer on their own, with time lim-
itation. In essence, this experiment (Fig.
4b) demonstrated that EP/INT are able to
learn to identify some simple pathologic
findings as very short video clips.

Can EP/INT Learn to Perform the
FEER Algorithm in an 8-hr Course? Un-
informed participants were involved in

two rescuer ALS training sessions (30).
Regular CPR was begun and EP/INT
trainees were then told to perform echo-
cardiography with a mobile ultrasound
device. The result of the echocardiogram
was given as “wall motion” directly after
finishing the sonogram. After completing
the first hands-on training session, the
ten-step algorithm FEER (Table 1) was
taught on-site. In a second hands-on
training session, the same system was
applied, and the learning curve was ob-
served and analyzed by an objective struc-
tured clinical examination checklist (35,
36). The test results were confirmed by
post hoc analysis of videotapes. Atten-
dants demonstrated a relatively high
knowledge and imagination of how to
process information, preparation, and
performance. However, they could im-
prove their practical skills in the distinct
parts of FEER (Fig. 4c).

Taken together, our data show that
FEER has to be taught both by practical
and theoretical means. Similar to such a
training concept, a high success rate to
learn limited echocardiography for non-
expert residents was shown (37).

What Are the Corresponding
Findings of Suspected
Diagnoses with Which an
EP/INT Has to Be Familiar?

In addition to understanding emergency
echocardiography as a valuable tool for
time-dependent diagnosis, an EP/INT must
be familiar with the indications, differential
diagnoses, and possible findings (Table 3).
Therefore, a brief description of the most
important findings is provided.

Preresuscitation Care: Acute Severe
Dyspnea, Undifferentiated Hypotension,
Shock of Unknown Origin, Atypical/
Typical Chest Pain. In preresuscitation
care in emergency cases, echocardiogra-
phy can detect whether acute severe dys-
pnea (38) has a cardiogenic origin. Other
issues are undifferentiated hypotension,
shock of unknown origin to rule out a
cardiogenic origin or to adapt vasopres-
sors, and typical or atypical chest pain to
identify or rule out thoracic or abdominal
aortic aneurysm or dissection. Jones et al.
(6, 39, 40) have provided good supportive
data in several articles.

Myocardial Insufficiency. There are
several quantitative methods to detect
myocardial insufficiency and reduced ejec-
tion fraction. EPs can accurately determine
left ventricular function in hypotensive pa-
tients (41, 42). Visually estimated left ven-
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Figure 4. Results of the training course on the focused echocardiographic evaluation in resuscitation management (FEER) examination for emergency
physicians and intensivists. a, Significant decrease of time consumption (mean, Sp) of trainees within the two hands-on training sessions (left four bars)
and compared with the instructors (black bars). The success rates, as percentages of successful trials by all trainees, are given as numbers in the bars. b,
Recognition skills tested by movie clips in a 5-inch screen with a maximum length of 5 secs. The pairs of bars with the same pattern depict the pretest
(left) and posttest (right) percentages of correct answers per question/pathology. ¢, Improvement of practical skills to learn the FEER examination. Pairs
of bars with the same pattern show pretest (leff) and posttest (right) percentages of correct trials checked by objective structured clinical examination (from
the left): information, preparation and testing, count-down announcement, correct interruption, pulse check, positioning of the probe parallel to
cardiopulmonary resuscitation, control to continuing cardiopulmonary resuscitation, and follow-up information. d, Theoretical gain in 32 participants

(mean, sp), measured by multiple-choice (MC) questionnaires. PEA, pulseless electrical activity; LVEF, left ventricular ejection fraction.

tricular ejection fraction by echocardiogra-
phy is closely correlated with formal
quantitative methods (26). To understand
graded ventricular function, one has to un-
dertake structured training (37, 41, 43)
with expert supervision. In addition, one
should obtain video loops from numerous
patients and discuss it with a coaching car-
diologist until discriminating normal, low-
grade, or high-grade limited ventricular
function (Fig. 1a).

Pericardial Effusion and Tamponade.
Two-dimensional echocardiographic
signs of tamponade in pericardial effusion
contain right atrial or right ventricular
diastolic collapse and noncollapsible infe-
rior vena cava and hepatic veins. More
impressive is the pendulum movement of
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the heart within a large effusion, the
“swinging heart.” Although this diagnosis
seems to be relatively simple (Fig. 5) and
is only of interest in emergency medicine
when the effusion is huge, EP/INT should
be able to differentiate small or massive
effusions and signs of functional rele-
vance (Fig. 5d) and tamponade. They
should train to confirm their findings in
all approaches (subcostal, parasternal,
apical) and combine it within the context
of the clinical findings.

The detection and evaluation of a peri-
cardial effusion must take into account the
clinical setting. One has to consider
whether there is a history of pacemaker
insertion or cardiac surgery, especially
those involving cardiotomy and cases of

postcardiotomy syndrome. Further consid-
erations include cases of penetrating injury
or acute severe or atypical chest pain and
other nontraumatic medical situations
with respect to the practical consequences
of an immediate pericardiocentesis (Table
3). However, differential diagnoses include
small effusions that can be physiologic (Fig.
5a). With the M-mode echocardiogram,
only systolic separations are normally visi-
ble (Fig. 2). Thus, any diastolic separation
may be a pathologic finding. The pericar-
dial fat pad is mainly located adjacent to the
anterior wall or ventral to the right ventri-
cle, and it can be misinterpreted as an ef-
fusion (Figs. 2b and 5b) (44). In the pres-
ence of a pleural effusion (Fig. 2d), the
parasternal long axis allows distinction be-

Crit Care Med 2007 Vol. 35, No. 5 (Suppl.)

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



HR: 89 BpM

Figure 5. Differential diagnosis in emergency echocardiography of pericardial effusion. In the subcos-
tal window, long axis, arrows indicate physiologic pericardial fluid (@), anterior fat pad (b), small
effusion (c), and massive effusion (d) with functional relevance.

tween pleural or pericardial effusion be-
cause the descendant aorta and left atrium
are separated in a pericardial effusion. Be-
cause the frequency of occurrence is rare
(8, 12, 45) and has not been studied sys-
tematically, as echocardiography is not
routinely used in CPR, we are unaware how
often this diagnosis is missed.

PEA States. PEA is frequent in CPR (8,
9, 13, 28, 46) and leads rescuers to per-
form the look, listen, and feel. True PEA
(Fig. 2e) is defined as “clinical absence of
cardiac output despite electrical activity”
(10) or as “continued electrical rhythmic-
ity of the heart in the absence of effective
mechanical function” (11). This finding is
correlated with poor outcome (12, 13). In
contrast, any PEA is classified as a pseudo-
PEA when cardiac output was visualized by
echocardiography. However, pseudo-PEA is
a severe form of a cardiogenic shock with
low or very low pump function. Which type
of assessment has the best sensitivity for
differentiating theses types of PEA? In line
with the various guidelines, “any PEA pa-
tient with Doppler detectable blood flow
should be aggressively treated” (4) because
of improved outcome (46). The clinical di-
agnosis of PEA combining rhythm and
pulse check is not precise; a true PEA/
electromechanical dissociation (no wall
motion) cannot be firmly diagnosed with-
out echocardiography (12). Unfortunately,
when no pulse is detected, one assumes
regularly that cardiac arrest is present and
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continues chest compressions. This is an
area of conflict during CPR; on the one
hand, one must ensure more frequent
chest compressions, whereas on the other,
frequent pulse checks are necessary to
make a decision to continue or to discon-
tinue CPR. This uncertainty may cause a
prolongation of the NFI during PEA.

The absence of cardiac wall motion
may indicate a very poor (13) but not
futile prognosis (47). A decision to termi-
nate CPR in this situation is very difficult.
Since our emergency system has utilized
prehospital ultrasound in our ground and
helicopter emergency services (48), we
have noted remarkable cases.

Another special issue addresses pa-
tients with artificial pacemakers and car-
diac standstill that have a regular electro-
cardiogram and a suspicion of a PEA. The
echocardiogram may show very limited
regional wall motion or “twitching” only,
which represents only passive move-
ments because of pacemaker action. This
finding leads to the diagnosis of a true
PEA.

Asystole, Cardiac Standstill. In every
patient with asystole, pericardial effusion
has to be excluded as the underlying
cause of arrest. An echocardiogram dur-
ing asystole with cardiac standstill (Fig.
2f) or true PEA (Fig. 2e) should show no
wall motion. Valvular motion (e.g., of the
mitral valve (49)) seems to not be sensi-
tive for a true cardiac standstill during

pauses of chest compressions. When good
chest compressions have been performed,
passive blood flow may occur and can be
further induced by ventilation alone be-
cause of cyclic elevation changes of in-
trathoracic pressure (50).

Varriale and Maldonado (51) used
echocardiography without interfering
with thoracic compressions during CPR
(51) and showed that cardiac arrest re-
sults in a gel-like mass within the ventri-
cles. This phenomenon may disappear af-
ter return of spontaneous circulation. It
was further suggested that the echocar-
diogram could signal earlier return of
spontaneous myocardial contractions
during CPR, as this event was not always
associated with a restored palpable pulse
or conscious state (12). Although ventric-
ular fibrillation is typically an electrocar-
diographic diagnosis, fine ventricular fi-
brillation can be misinterpreted as
asystole. In this context, echocardiogra-
phy may show atrial motion to be present
and also show “quivering” of the ventri-
cles (12). Echocardiography in CPR may
also assess the effectiveness of thoracic
compressions (52) by demonstrating that
chest compressions are suboptimal dur-
ing CPR (46, 53).

Hypovolemia. Echocardiographic
signs of a suspected diagnosis of hypovo-
lemia are an underfilled right ventricle,
hyperkinetic left ventricular wall motion,
and close ventricular walls, or “kissing
trabecular muscles.” Hypovolemia can be
detected by measuring left ventricular
end-diastolic volume or area (54) and is
therefore a clinical variable used to assess
preload. In pigs with graded hypovolemia
after bleeding, left ventricular end-
diastolic area correlated well with blood
loss (r = 0.96) and was significantly re-
duced after 5 mL/kg blood loss (55). In
patients undergoing cardiac surgery who
were subjected to stepwise venesection,
left ventricular end-diastolic area was sig-
nificantly reduced after only 1.75 mL/kg
blood loss and continued to decrease with
further venesection (56). In pediatric pa-
tients, left ventricular end-diastolic area
also significantly decreased in response to
graded hypovolemia after cardiac surgery
(57). In those studies, the left ventricular
end-diastolic area was derived from the
short-axis view of the left ventricle at the
level of the midpapillary muscle (54). Fi-
nally, the diameter of inferior vena cava,
either measured in the subcostal window,
short axis, at the diaphragm using the
liver as an acoustic window, or at the
position of the right renal vein, is an
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Figure 6. B-mode echocardiogram in acute right heart failure due to pulmonary artery embolism.
Subcostal window, long axis, normal finding (a); enlarged right ventricle that can quickly be identified
(b); parasternal, short axis, normal finding (c); paradoxic septal movement “D-sign” with impression
of the left ventricle due to increased right ventricular pressure (d).

accurate variable to estimate hypovole-
mia in the emergency department (58)
and may be a useful extension to the
FEER examination.

Although the inferior vena cava is
mainly visualized in the longitudinal plane,
as a theoretical concern, caution has to be
given to those views, for they can show in a
paramedian plane (59) and incorrect ante-
rior-posterior diameter. Therefore, a trans-
verse plane may be easier and more accu-
rate to obtain within a 5-sec examination
time.

Pulmonary Artery Embolism. Trans-
thoracic echocardiography can detect
right ventricular dilation (Fig. 6), right
ventricular hypokinesis/dysfunction, or
pulmonary hypertension. Proximal and
distal embolism can rarely be detected
directly. An acute cor pulmonale is asso-
ciated with a paradoxic septal wall motion
(D-sign) and is of high diagnostic value
(Fig. 6). Echocardiography may also de-
tect free-floating right-heart thrombus in
<10% of patients (60). Given these lim-
itations (especially visualization of left
pulmonary artery), only transesophageal
echocardiography may be routinely used
in the diagnosis of proximal pulmonary
embolism and is a powerful diagnostic
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tool. It is recommended mostly for inten-
sive care unit populations (60). However,
one should be cautious because in mas-
sive pulmonary embolism, this was only
present in 61% of echocardiograms in a
retrospective study (60). Jackson et al.
(61) demonstrated that right ventricular
dilation was present in <50% of cases
with pulmonary embolism and concluded
that positive findings in the bedside
transthoracic echocardiogram increase
the suspicion for pulmonary embolism in
an individual patient but are not yet
strong enough for a definite diagnostic or
to rule out pulmonary artery embolism.

Additional Remarks. In addition to the
FEER examination, in CPR, a chest sono-
gram may be of value to detect or to rule
out a suspected ventral pneumothorax or
tension pneumothorax (62, 63). The B- and
M-mode sonogram, performed by a trained
physician, can be obtained within 3 secs (D.
Lichtenstein, Paris, France, personal com-
munication). Although a suspected tension
pneumothorax is generally established as a
clinical diagnosis, in patients with a specific
history or bradycardia and hypotension, it
may be helpful to identify the correct hemi-
thorax to be punctured. This also is in line
with an ALS-conformed use to identify re-
versible causes by ultrasound.

Discussion

Is There a Potential for Echocardiog-
raphy in Emergency and Critical Care
Medicine and in CPR? The American Col-
lege of Emergency Physicians provided a
clear strategy and suggested that “ultra-
sound imaging enhances the physician’s
ability to evaluate, diagnose, and treat
emergency department patients and is of-
ten time-dependent in the acutely ill or
injured patient. The EP is in an ideal
position to use this technology. Focused
ultrasound examinations provide imme-
diate information and can answer specific
questions about the patient’s physical
condition. Such bedside ultrasound im-
aging is within the scope of practice of
EP” (64) or INT (65).

Diagnostic Gaps in Resuscitation
Management: “Among the Blind, the
One-Eyed Man Is King” (Erasmus of Rot-
terdam). The most prominent thesis of
this review is that the most used standard
care interventions do not give enough
direct information of cardiac responses in
CPR and PEA states. The lack of a stan-
dardized emergency echocardiography in
the periresuscitation complex is a signif-
icant gap in our health system.

In our prehospital observational trial,
we unexpectedly encountered several
cases with hypotension because of a peri-
cardial effusion or tamponade. One of
these cases illustrated the need for emer-
gency echocardiography. A 14-yr-old
child who was well 6 wks after open heart
surgery suddenly deteriorated, with agi-
tation and hypotension progressing to
unconsciousness. The trained EP used
FEER to diagnosis a massive pericardial
effusion. On transportation to the pediat-
ric intensive care unit, there was a car-
diac arrest with a PEA state. With the
foreknowledge of the pericardial effusion,
the EP decided to perform pericardiocen-
tesis before starting chest compressions.
The child survived and now attends the
same school class without neurologic def-
icit (K. Rimbach, Darmstadt, Germany,
personal communication). We believe
that without detecting the pericardial
fluid by echocardiography, the child
probably would have died.

The next challenge for the American
Heart Association/European Resuscita-
tion Council/International Liaison Com-
mittee on Resuscitation guidelines may
include reinforcing methods to identify
treatable causes of arrest during resusci-
tation. Unfortunately, the suggestion of
echocardiography use disappeared in
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2005, except in special circumstances, in
which the practitioner should “actively
seek and exclude reversible causes of car-
diac arrest” (7). Such circumstances in-
clude postcardiac surgery patients and
mainly relate to in-hospital care in the
immediate postsurgical phase (7). How-
ever, in blunt or penetrating trauma “ultra-
sound is a valuable tool in the evaluation of
possible cardiac tamponade” (7). Prehospi-
tal emergency service by EPs or paramedics
or in hospital rescue (at least in Germany)
does not routinely include an ultrasound
evaluation (48). However, new technical
solutions on mobile ultrasound (weigh-
ing <2 kg of weight) are readily available
for rescue teams of the emergency de-
partment, intensive care unit, or prehos-
pital trauma support at the patient’s bed-
side (8, 26, 28, 48, 63, 66—68). It has been
established as a primary basic diagnostic
procedure for the emergency department
(68). Furthermore, cardiac abnormalities
are quite frequent in medical intensive
care unit patients (69). Thus, emergency
echocardiography, based on mobile tech-
niques, may be used in a qualitative ap-
proach as a “third eye” in resuscitation.
We should consider its limitations and
should implement these tools not only as
a guide for terminating resuscitation ef-
forts, but rather as a guide for improving
effectiveness of resuscitation (32, 46, 47).
With the simple use of ALS-conformed
echocardiography, some of the diagnostic
gaps in emergency and critical care med-
icine can be closed.

Education and Training. Jones et al.
(37) demonstrated that a focused 6-hr
echocardiographic training course signif-
icantly improved EP residents’ written
and practical examinations in a prospec-
tive, observational, educational study for
goal-directed echocardiography perfor-
mance and interpretation. Unresolved de-
bate between the American Society of
Echocardiography and the Society of Ac-
ademic Emergency Medicine questions
who should do the examination (EP, INT,
or cardiologist?) and how many examina-
tions are necessary to ensure quality con-
trol (47, 70). Nevertheless, a limited,
goal-directed use of hand-carried echo-
cardiography, as a point-of-care diagnos-
tic, is only appropriate when one has
passed a user-specific training session
(American College of Emergency Physi-
cians level IT at a minimum) (43, 71). It is
essential that EP/INT take full responsi-
bility for their findings to ensure the
most accurate acquisition, interpretation,
and use of the data (26). This clear state-
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ment may encourage EP/INT to use only
structured methods such as the FEER
examination.

Summary and Conclusions

Because of the diagnostic pressure
during CPR to identify and treat revers-
ible causes, there is a demand for a
structured process when using echocar-
diography. The simple FEER examina-
tion mainly enables an ALS-conformed
algorithm to assess myocardial wall
motion with the educated eye parallel
to brief pauses of CPR within a few
seconds. FEER may differentiate PEA
and identify pericardial effusion with-
out a major prolongation of the NFIs.
Thus, it is suggested as an extension to
standard advanced cardiac life support
interventions. Educational training for
the FEER examination is essential by
theoretical and practical means and can
be learned in an 8-hr course by nonex-
pert sonographers.

ACKNOWLEDGMENTS

We thank E. Miiller and H. Steiger,
Darmstadt Emergency Service, for col-
laboration within the development of the
observational trial and the course pro-
gram and providing Figure 2d and 2e
(courtesy of H. Steiger); M. Raab and I.
Breitkreutz, Boston, for critically reading
the manuscript; K. Rimbach, who was the
rescue team leader of the child’s rescue,
for providing the information; H. Ilper,
M. Risseler, T. Kunz, S. Bergdold, and N.
Nieuwkamp, courageous and enthusiastic
medical students, for organization and
data acquisition; and Professor Dr. B.
Zwiler for continuous support.

REFERENCES

1. International Liaison Committee on Resus-
citation: 2005 International Consensus on
Cardiopulmonary Resuscitation and Emer-
gency Cardiovascular Care Science with
Treatment Recommendations: Parts 1-8. Re-
suscitation 2005; 67:181-314

2. Nolan JP, Deakin CD, Soar J, et al: European
Resuscitation Council guidelines for resusci-
tation 2005: Section 4. Adult advanced life
support. Resuscitation 2005; 67(Suppl 1):
S39-S86

3. Hazinski MF, Nadkarni VM, Hickey RW, et al:
Major changes in the 2005 AHA Guidelines
for CPR and ECC: Reaching the tipping point
for change. Circulation 2005; 112:1V206—
Iv211

4. AHA/ECC Guidelines 2000 for Cardiopulmo-
nary Resuscitation and Emergency Cardiovas-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

cular Care. Circulation 2000; 102(Suppl I):
1150-1152

. Mullie A, Van Hoeyweghen R, Quets A: Influ-

ence of time intervals on outcome of CPR:
The Cerebral Resuscitation Study Group. Re-
suscitation 1989; 17:S23-S33

. Jones AE, Tayal VS, Sullivan DM, et al: Ran-

domized, controlled trial of immediate ver-
sus delayed goal-directed ultrasound to iden-
tify the cause of nontraumatic hypotension
in emergency department patients. Crit Care
Med 2004; 32:1703-1708

. Soar J, Deakin CD, Nolan JP, et al: European

Resuscitation Council guidelines for resusci-
tation 2005: Section 7. Cardiac arrest in spe-
cial circumstances. Resuscitation 2005;
67(Suppl 1):S135-S170

. Tayal VS, Kline JA: Emergency echocardiog-

raphy to detect pericardial effusion in pa-
tients in PEA and near-PEA states. Resusci-
tation 2003; 59:315-318

. Salen P, Melniker L, Chooljian C, et al: Does

the presence or absence of sonographically
identified cardiac activity predict resuscita-
tion outcomes of cardiac arrest patients?
Am J Emerg Med 2005; 23:459-462
Advanced Life Support Course: Provider
Manual. Fourth Edition. Resuscitation Coun-
cil (UK) and European Resuscitation Council
(ERC), 2001, p 53

Zipes DP, Libby P, Bonow RO, et al (Eds):
Braunwald’s Heart Disease. Seventh Edition.
Philadelphia, Elsevier, 2005, p 884

Bocka JJ, Overton DT, Hauser A: Electrome-
chanical dissociation in human beings: An
echocardiographic evaluation. Ann Emerg
Med 1988; 17:450-452

Blaivas M, Fox JC: Outcome in cardiac arrest
patients found to have cardiac standstill on
the bedside emergency department echocar-
diogram. Acad Emerg Med 2001; 8:616—621
Kern KB, Hilwig RW, Berg RA, et al: Impor-
tance of continuous chest compressions dur-
ing cardiopulmonary resuscitation: Im-
proved outcome during a simulated single
lay-rescuer scenario. Circulation 2002; 105:
645-649

Biarent D, Bingham R, Richmond S, et al:
European Resuscitation Council guidelines
for resuscitation 2005: Section 6. Paediatric
life support. Resuscitation 2005; 67(Suppl
1):S97-S133

Eberle B, Dick WF, Schneider T, et al: Check-
ing the carotid pulse check: Diagnostic accu-
racy of first responders in patients with and
without a pulse. Resuscitation 1996; 33:
107-116

Liberman M, Lavoie A, Mulder D, et al: Car-
diopulmonary resuscitation: Errors made by
pre-hospital emergency medical personnel.
Resuscitation 1999; 42:47-55

Ochoa FJ, Ramalle-Gomara E, Carpintero
JM, et al: Competence of health professionals
to check the carotid pulse. Resuscitation
1998; 37:173-175

Ruppert M, Reith MW, Widmann JH, et al:
Checking for breathing: Evaluation of the
diagnostic capability of emergency medical

5159

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

services personnel, physicians, medical stu-
dents, and medical laypersons. Ann Emerg
Med 1999; 34:720-729

Salen P, O’Connor R, Sierzenski P, et al: Can
cardiac sonography and capnography be used
independently and in combination to predict
resuscitation outcomes? Acad Emerg Med
2001; 8:610-615

Breitkreutz R, Seeger FH, Fiirbeth N, et al:
Pre-hospital echocardiography: A new diag-
nostic tool for pulselessness and resuscita-
tion management. Prehosp Disaster Med
2002; 2(Suppl):S55

Kern KB, Hilwig RW, Rhee KH, et al: Myo-
cardial dysfunction after resuscitation from
cardiac arrest: An example of global myocar-
dial stunning. J Am Coll Cardiol 1996; 28:
232-240

Mullner M, Domanovits H, Sterz F, et al:
Measurement of myocardial contractility fol-
lowing successful resuscitation: Quantitated
left ventricular systolic function utilising
non-invasive wall stress analysis. Resuscita-
tion 1998; 39:51-59

Vasquez A, Kern KB, Hilwig RW, et al: Opti-
mal dosing of dobutamine for treating post-
resuscitation left ventricular dysfunction.
Resuscitation 2004; 61:199-207
Arbeitsgemeinschaft Notfallsonographie.
Frankfurter Instituts fiir Notfallmedizin und
Simulationstraining, Johann-Wolfgang-Goethe
University, Frankfurt am Main, Germany.
Available at: http://www.notfallsonographie.de.
Accessed July 1, 2006

Gudmundsson P, Rydberg E, Winter R, et al:
Visually estimated left ventricular ejection
fraction by echocardiography is closely cor-
related with formal quantitative methods. Int
J Cardiol 2005; 101:209-212

Seward JB, Douglas PS, Erbel R, et al: Hand-
carried cardiac ultrasound (HCU) device:
Recommendations regarding new technol-
ogy. A report from the Echocardiography
Task Force on New Technology of the No-
menclature and Standards Committee of the
American Society of Echocardiography. J Am
Soc Echocardiogr 2002; 15:369-373
Niendorff DF, Rassias AJ, Palac R, et al: Rapid
cardiac ultrasound of inpatients suffering
PEA arrest performed by nonexpert sonogra-
phers. Resuscitation 2005; 67:81-87

Van Hoeyweghen R, Mullie A, Bossaert L:
Decision making to cease or to continue car-
diopulmonary resuscitation (CPR): The Cere-
bral Resuscitation Study Group. Resuscita-
tion 1989; 17(Suppl):S137-S147

Kaye W, Mancini M: Use of the Mega Code to
evaluate team leader performance during ad-
vanced cardiac life support. Crit Care Med
1986; 14:99-104

Arntz HR, Agrawal R, Richter H, et al: Phased
chest and abdominal compression-decom-
pression versus conventional cardiopulmo-
nary resuscitation in out-of-hospital cardiac
arrest. Circulation 2001; 104:768-772
Sanders AB, Kern KB, Berg RA: Searching
for a predictive rule for terminating cardio-

S160

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

pulmonary resuscitation. Acad Emerg Med
2001; 8:654—657

Tsutsui JM, Maciel RR, Costa JM, et al: Hand-
carried ultrasound performed at bedside in
cardiology inpatient setting: A comparative
study with comprehensive echocardiogra-
phy. Cardiovasc Ultrasound 2004; 2:24
Vignon P, Frank MB, Lesage J, et al: Hand-
held echocardiography with Doppler capabil-
ity for the assessment of critically-ill pa-
tients: Is it reliable? Intensive Care Med
2004; 30:718-723

Harden RM, Gleeson FA: Assessment of clin-
ical competence using an objective struc-
tured clinical examination (OSCE). Med
Educ 1979; 13:41-54

Harden RM, Stevenson M, Downie WW, et al:
Assessment of clinical competence using ob-
jective structured examination. BMJ 1975;
1:447-451

Jones AE, Tayal VS, Kline JA: Focused train-
ing of emergency medicine residents in goal-
directed echocardiography: A prospective
study. Acad Emerg Med 2003; 10:1054-1058
Hauser AM: The emerging role of echocardi-
ography in the emergency department. Ann
Emerg Med 1989; 18:1298-1303

Jones AE, Stiell IG, Nesbitt LP, et al: Non-
traumatic out-of-hospital hypotension pre-
dicts inhospital mortality. Ann Emerg Med
2004; 43:106-113

Jones AE, Aborn LS, Kline JA: Severity of
emergency department hypotension predicts
adverse hospital outcome. Shock 2004; 22:
410-414

Moore CL, Rose GA, Tayal VS, et al: Deter-
mination of left ventricular function by
emergency physician echocardiography of
hypotensive patients. Acad Emerg Med 2002;
9:186-193

Randazzo MR, Snoey ER, Levitt MA, et al:
Accuracy of emergency physician assessment
of left ventricular ejection fraction and cen-
tral venous pressure using echocardiogra-
phy. Acad Emerg Med 2003; 10:973-977
Stewart WJ, Aurigemma GP, Bierman FZ, et
al: Guidelines for training in adult cardiovas-
cular medicine: Core Cardiology Training
Symposium (COCATS). Task Force 4: Train-
ing in echocardiography. J Am Coll Cardiol
1995; 25:16-19

Blaivas M, DeBehnke D, Phelan MB: Potential
errors in the diagnosis of pericardial effusion
on trauma ultrasound for penetrating injuries.
Acad Emerg Med 2000; 7:1261-1266

Blaivas M: Incidence of pericardial effusion
in patients presenting to the emergency de-
partment with unexplained dyspnea. Acad
Emerg Med 2001; 8:1143-1146

Abella BS, Sandbo N, Vassilatos P, et al:
Chest compression rates during cardiopul-
monary resuscitation are suboptimal: A pro-
spective study during in-hospital cardiac ar-
rest. Circulation 2005; 111:428 -434
Stahmer SA: The ASE position statement on
echocardiography in the emergency depart-
ment. Acad Emerg Med 2000; 7:306-308
Walcher F, Weinlich M, Conrad G, et al:

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Pre-hospital ultrasound imaging improves
management of abdominal trauma. Br J Surg
2006; 93:238-242

Ma MH, Hwang J, Lai L, et al: Transesopha-
geal echocardiographic assessment of mitral
valve position and pulmonary venous flow
during cardiopulmonary resuscitation in hu-
mans. Circulation 1995; 92:854—-861
Halperin HR, Weiss JL, Guerci AD, et al:
Cyclic elevation of intrathoracic pressure can
close the mitral valve during cardiac arrest in
dogs. Circulation 1988; 78:754-760
Varriale P, Maldonado JM: Echocardio-
graphic observations during in hospital car-
diopulmonary resuscitation. Crit Care Med
1997; 25:1717-1720

Spear D: Background. Exploring EMS Ultra-
sound, 911SONO Web site. Available at:
http://www.911sono.com. Accessed June 20,
2006

Abella BS, Alvarado JP, Myklebust H, et al:
Quality of cardiopulmonary resuscitation
during in-hospital cardiac arrest. JAMA 2005;
293:305-310

Brown JM: Echocardiography for hemody-
namic monitoring. Crit Care Med 2002; 30:
1361-1364

Dalibon N, Schlumberger S, Saada M, et al:
Haemodynamic assessment of hypovolaemia
under general anaesthesia in pigs submitted
to graded haemorrhage and retransfusion.
Br J Anaesth 1999; 82:97-103

Cheung AT, Savino JS, Weiss SJ, et al: Echo-
cardiographic and hemodynamic indexes of
LV preload in patients with normal and ab-
normal ventricular function. Anesthesiology
1994; 81:376-387

Reich DL, Konstadt SN, Nejat M, et al: Intra-
operative transesophageal echocardiography
for the detection of cardiac preload changes
induced by transfusion and phlebotomy in
pediatric patients. Anesthesiology 1993; 79:
10-15

Lyon M, Blaivas M, Brannam L: Sonographic
measurement of the inferior vena cava as a
marker of blood loss. Am J Emerg Med 2005;
23:45-50

Plummer D: Abdominal aortic aneurysm:
“The cylinder tangent effect.” /n: Emergency
Ultrasound. First Edition. Ma OJ, Mateer JR
(Eds). New York, McGraw-Hill, 2003, pp 139
Vieillard-Baron A, Page B, Augarde R, et al:
Acute cor pulmonale in massive pulmonary
embolism: Incidence, echocardiographic pat-
tern, clinical implications and recovery rate.
Intensive Care Med 2001; 27:1481-1486
Jackson RE, Rudoni RR, Hauser AM, et al:
Prospective evaluation of two-dimensional
transthoracic echocardiography in emer-
gency department patients with suspected
pulmonary embolism. Acad Emerg Med
2000; 7:994-998

Lichtenstein DA, Meziere G, Lascols N, et al:
Ultrasound diagnosis of occult pneumotho-
rax. Crit Care Med 2005; 33:1231-1238
Kirkpatrick AW, Sirois M, Laupland KB, et al:
Hand-held thoracic sonography for detecting
post-traumatic pneumothoraces: The Extended

Crit Care Med 2007 Vol. 35, No. 5 (Suppl.)

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



64.

65.

66.

Focused Assessment with Sonography for
Trauma (EFAST). J Trauma 2004; 57:288—-295
American College of Emergency Physicians:
Use of ultrasound imaging by emergency phy-
sicians. Ann Emerg Med 2001; 38:469-470

Cholley BP, Vieillard-Baron A, Mebazaa A:
Echocardiography in the ICU: Time for wide-
spread use! Infensive Care Med 2006; 32:9-10
Kirkpatrick AW, Simons RK, Brown R, et al:
The hand-held FAST: Experience with hand-

Crit Care Med 2007 Vol. 35, No. 5 (Suppl.)

67.

68.

held trauma sonography in a level-I urban
trauma center. Injury 2002; 33:303-308
Lapostolle F, Petrovic T, Lenoir G, et al:
Usefulness of hand-held ultrasound devices
in out-of-hospital diagnosis performed by
emergency physicians. Am J Emerg Med
2006; 24:237-242

American College of Emergency Physicians:
ACEP emergency ultrasound guidelines:
2001. Ann Emerg Med 2001; 38:470-481

69.

70.

71.

Bossone E, DiGiovine B, Watts S, et al: Range
and prevalence of cardiac abnormalities in
patients hospitalized in a medical ICU. Chest
2002; 122:1370-1376

Stewart WJ, Kerber RE: Reply. J Am Soc
Echocardiogr 1999; 12:608

Heller MB, Mandavia D, Tayal VS, et al: Res-
idency training in emergency ultrasound:
Fulfilling the mandate. Acad Emerg Med
2002; 9:835-839

S161

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



