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Point—of—care ultrasound is established as a reliable, bed-
side diagnostic modality for the differentiation of shock,
and it is used increasingly during the management of cardiac
arrest as well. Because ultrasound machines are accessible
in most perioperative and intensive care unit settings and
handheld technology is evolving, it has become practical to
deploy this tool to the many locations in which arrests occur.

Resuscitation guidelines published by the American
Society of Echocardiography (Durham, North Carolina), the
American College of Emergency Physicians (Irving, Texas),
the European Resuscitation Council (Niel, Belgium), and the
American Heart Association (Dallas, Texas) all advocate for
the role of point-of-care ultrasound in cardiac arrest, while
cautioning clinicians to avoid exceeding 10-s pauses between
chest compressions, suggesting that the most experienced cli-
nicians acquire images and acknowledging that more data are
required to assess the efficacy of this application.'” Because
many of the potential causes of cardiac arrest in surgical
patients are well suited to sonographic diagnosis, point-of-
care ultrasound was added as a distinct step in the pulseless
electrical activity/asystole algorithm of the perioperative
Advanced Cardiac Life Support (ACLS) guidelines in 2018.*

Numerous observational studies and meta-analyses report
that focused ultrasound may aid in predicting the return of
spontaneous circulation for patients with pulseless electrical
activity.™ " However, its predictive value for survival after car-
diac arrest is uncertain, because in-hospital arrests are relatively
uncommon, and data from randomized controlled studies are
therefore sparse. Because some evidence suggests that the use of
ultrasound may prolong pauses during cardiopulmonary resus-
citation (CPR), multiple protocols have been designed with the
intent of integrating ultrasound into ACLS safely.'*>' Although
each systematic approach strives toward the worthwhile goals
of reducing harm and optimizing efficiency, no single approach
has been accepted widely as best practice. In this focused clin-
ical review, we describe the role of ultrasound in cardiac arrest
rthythm classification, discuss its use in differentiating reversible
causes of arrest, provide an overview of protocols, highlight
potential pitfalls, and summarize strategies to encourage safe
and effective application of ultrasound during ACLS.

Nomenclature

The intended scope of practice described in this arti-
cle involves point-of-care ultrasound, a qualitative surface

examination of various anatomical locations to screen for
a limited number of gross pathologies as indicated by the
clinical scenario and as an extension of the physical exam.At
times in this review, we use the phrase “focused ultrasound”
synonymously. There is potential for other terminology to
be confusing in this field, especially that which pertains to
cardiac sonography. When applied to imaging of the heart,
the American Society of Echocardigraphy describes focused
cardiac ultrasound as a technique involving two-dimen-
sional, grayscale (B-mode) imaging with a limited number
of views and performed by someone with basic training in
image acquisition and interpretation."** The term echo-
cardiography, however, is distinct and refers to an advanced
ultrasound exam that identifies and quantifies the severity of
a broader list of cardiac pathologies using additional modes
such as Doppler. As such, although echocardiography may
be listed in the names of some protocols for point-of-care
ultrasound that we discuss, they are not interchangeable, and
our focus is on focused cardiac ultrasound. It is worth not-
ing that although most echocardiograms are consultative, a
growing number of acute care clinicians are learning and
applying echocardiographic techniques (Doppler modes) in
a focused manner. The National Board of Echocardiography
(Raleigh, North Carolina) formalized a pathway recently
for intensivists to be credentialed in this unique area of
critical care echocardiography to answer questions specific
to critically ill patients.* In summary, the cardiac imaging
techniques described in this article are basic and therefore
can be performed by practitioners with training in any of
the aforementioned categories.

Pulseless Electrical Activity versus Pseudo-
pulseless Electrical Activity

Ultrasound can assist clinicians in identifying the correct
rhythm and ACLS management algorithm and in differenti-
ating true pulseless electrical activity from pseudo-pulseless
electrical activity. An estimated 80% of in-hospital cardiac
arrests consist of nonshockable rhythms,* for which point-
of-care ultrasound has the greatest utility in identifying
reversible causes. Pulseless electrical activity can be difficult
to distinguish from ventricular fibrillation using the electro-
cardiogram, and focused ultrasound can provide clarity as
long as it does not delay appropriate defibrillation.?* Even
asystole 1s not a straightforward diagnosis when assessing
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rhythm on the monitor; 10 to 35% of patients reported to
be in asystole may have cardiac contractility on focused car-
diac ultrasound.**" Pulseless electrical activity is described
as an organized rhythm with neither a palpable pulse nor
detectable cardiac contractility on ultrasound.* Pseudo-
pulseless electrical activity, on the other hand, also has an
organized rhythm on electrocardiogram but 1s distinguished
by preserved organized cardiac contractility, although not
enough to generate a detectable pulse. Valve motion alone
(which can occur with passive flow) should not be mistaken
for contractility.

There are data suggesting that the presence of pseudo-
pulseless electrical activity is associated with an increased
likelihood of achieving return of spontaneous circulation
during ACLS.* Two large meta-analyses revealed pooled
sensitivities of 77 and 95% and specificities of 80 and 92%,
respectively, for return of spontaneous circulation as pre-
dicted by cardiac motion on ultrasound.”'” The latter of
these reports also suggests that preserved cardiac activity is
associated with increased odds of survival to both hospital
admission and discharge. However, one recent, retrospec-
tive study investigating electrocardiogram and ultrasound
findings in adults with nonshockable rhythms indicates that
ultrasound may be more useful in predicting mortality than
survival.® A prospective, multicenter trial is underway to
assess the positive predictive value of the absence of car-
diac motion in determining likelihood to achieve return
of spontaneous circulation with CPR.” Additional trials are
also needed to address the heterogeneity of data regarding
predicting survival based upon point-of-care ultrasound
findings. In the meantime, ultrasound observations should
not be used to make decisions about when to terminate

ACLS.

Narrowing the Differential Diagnosis with
Ultrasound

ACLS guidelines organize reversible causes of cardiac arrest

into the mnemonic of “Hs and Ts.”?

Many of the constit-
uent etiologies can be assessed through a history of pre-
ceding events (ingestion of toxins, for example) or simple
laboratory tests (hyperkalemia, acidosis). Some arrest causes
common to the perioperative environment, such as anaphy-
laxis, local anesthetic systemic toxicity, anesthetic overdose,
auto-PEEP (positive end-expiratory pressure), or malig-
nant hyperthermia, are clinical diagnoses. Others, includ-
ing cardiac tamponade, tension pneumothorax, myocardial
ischemia, hypovolemia, acute right ventricular failure, and
hypoxia, are all well suited to diagnostic evaluation with
ultrasound. Figure 1 illustrates some of the characteristic
sonographic findings associated with these problems.

Cardiac Tamponade

The diagnosis of cardiac tamponade is dependent on a high
index of suspicion, because signs like jugular vein distention

Point-of-care Ultrasound in Cardiac Arrest

or pulsus paradoxus are nonspecific and obscured during
an arrest. Ultrasound allows quick diagnosis of a pericar-
dial effusion, which prompts consideration of tamponade as
the precipitating cause of an arrest. In one small, but pro-
spective observational study, 8 of 12 patients with cardiac
motion detected by ultrasound had pericardial effusions
observed during ACLS. Three of those patients were diag-
nosed with tamponade and underwent pericardiocentesis
or surgery.’’ A case report similarly describes an adolescent
in pulseless electrical activity arrest 4 weeks after a ventric-
ular septal defect closure, who was found to have a large
effusion on ultrasound and had complete recovery after
pericardiocentesis.*

The assessment of pericardial fluid should be made
using multiple views. Signs consistent with tamponade,
including early diastolic right ventricular collapse and late
diastolic and early systolic right atrial collapse, small ven-
tricular chamber sizes, a distended inferior vena cava, and
a paradoxical septal shift during spontaneous inspiration,
may all be identifiable during an arrest in which there is
preserved cardiac activity. Even small effusions, especially
those which consist of focal clot, can lead to tamponade
physiology. Once tamponade is identified as the likely
cause of an arrest, ultrasound can enable needle visualiza-

tion during pericardiocentesis.**?*

Tension Pneumothorax

A tension pneumothorax occurs when air in the pleu-
ral space causes the intrapleural pressure to exceed the
atmospheric pressure throughout respiration, leading to
reduced venous return and cardiac output. Positive pres-
sure ventilation during general anesthesia and laparo-
scopic surgery in particular exacerbate this hemodynamic
compromise and may increase its likelihood of leading
to cardiac arrest.” Lung ultrasound has excellent speci-
ficity for pneumothorax (98.4%) and superior sensitivity

36,37

to chest radiography®**" and can be performed with the
probe positioned apically or laterally during active chest
compressions.Visualization of lung sliding, B lines, or lung
pulse rules out pneumothorax on the side being eval-
uated. Point-of-care ultrasound has less sensitivity than
specificity for pneumothorax in part because the absence
of lung sliding can be attributed to other etiologies such
as pleural adhesions or hyperinflation/bullac. However,
a lung point, or location at which a region with lung
sliding transitions to one without, is a rare but pathog-
nomonic sign of a partial pneumothorax.”® Lung point
is a rare finding, and isolated A lines without lung sliding
may be adequate to make the presumptive diagnosis if
there is a temporal association between the arrest and an
event such as penetrating trauma or an invasive procedure
performed near the pleura. Sustaining return of sponta-
neous circulation may require prompt needle decompres-
sion and/or chest tube placement.” Chest compressions
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Fig. 1. (4) Example point-of-care ultrasound views that can be obtained during cardiac arrest, including subcostal images (to be obtained
during pulse checks) and extracardiac images (which may be obtained alongside active CPR). Also listed (box) are reminders to encourage
efficiency and safety. (B) Representative ultrasound images that may be associated with some of the underlying causes of cardiac arrest,
organized by the type of shock (cardiogenic, obstructive, or hypovolemic) that may precipitate the arrest. ACLS, Advanced Cardiac Life
Support; CPR, cardiopulmonary resuscitation.

themselves can fracture ribs and lead to iatrogenic tension Myocardial Infarction

pneumothorax. Point-of-care ultrasound can help evalu-

ate for this complication, especially if a patient deterio- Myocardial ischemia is the most common cause of sud-
rates after initial resuscitation. den cardiac death.* Focused cardiac ultrasound can identify

Anesthesiology 2021; 135:508-19 J.A. Paul and 0. P. F. Panzer

2202 49quidnoN 90 uo 3senb Aq 4pd'+Z000-0"00601202/07.S L S/80S/€/SE L APd-ajonLe/ABojoISauIsaue/Bi0 byese sqnd)/:dpy woy papeojumog



J.A. Paul and 0. P. F. Panzer

signs of ischemia in the case of pseudo-pulseless electri-
cal activity from acute coronary thrombosis where some
cardiac motion is preserved. The presence of severe left or
right ventricular hypokinesis raises coronary vasospasm or
thrombosis on the differential diagnosis for pulseless electri-

cal activity arrest,*'*

although myocardial ischemia is more
commonly associated with ventricular tachycardia and
fibrillation.** After successful resuscitation, the ultrasound
exam should be repeated, because the presence of regional
wall motion abnormalities may lead to consideration of
anticoagulation therapy and cardiology consultation for
coronary angiography. Accurate identification of regional
wall motion abnormalities falls outside the scope of point-
of-care ultrasound, so suspicious findings should be con-
firmed by practitioners with training in echocardiography
and appropriate testing (electrocardiogram, biomarkers). In
a patient with recent acute myocardial ischemia, the ultra-
sound exam may help differentiate sequelae with a grim
prognosis, such as left ventricular free wall rupture, from
those that may benefit from mechanical intervention, such

as papillary muscle rupture causing mitral regurgitation.**

Hypovolemia

In the case of pseudo-pulseless electrical activity, but not
cardiac standstill, potential signs of hypovolemia may
include small ventricular chamber sizes or a collapsed
inferior vena cava. This distinction is important, because
ventricular chamber size does not always correlate with
intravascular volume status; in a prospective study in which
17% of cardiac arrests were attributed to hypovolemia, none
of the subjects had collapsed ventricles.*” Moreover, in a
randomized investigation of induced cardiac arrest in por-
cine models, the same authors demonstrated that the right
ventricle can be dilated in all arrest etiologies, including
hypovolemia.™

Right atrial pressure can be estimated by measuring infe-
rior vena cava diameter variability throughout the respira-
tory cycle in a spontancously breathing patient, and fluid
responsiveness can be predicted through similar evaluation
in mechanically ventilated patients. However, these calcu-
lations are invalidated by excessive minute ventilation, tidal
volumes greater than 8 mL/kg, compliance less than 30 cm
H,O, ventilator desynchrony, an open chest or abdomen,
and other confounders.>'™* In spite of these limitations, if
the vena cava is collapsing in a trauma or surgical patient,
hemorrhage should be considered. Focused assessment with
sonography for trauma can identify free fluid or other acute
pathology that may necessitate thoracotomy or laparot-

455 and has been associated with a mortality benefit in
56,57

omy
trauma patients.

Acute, Obstructive Right Ventricular Failure

Acute right ventricular failure can lead to cardiac arrest,
although discerning which obstructive process (pulmonary

Point-of-care Ultrasound in Cardiac Arrest

embolism or a pulmonary hypertensive crisis) precipi-
tated the arrest is difficult. Nonspecific but concerning
ultrasound signs include right ventricular dilatation in
four-chamber and septal flattening in short-axis views,
respectively. Reduced right ventricular systolic function as
measured by tricuspid annular plane systolic excursion may
be appreciated in the first few minutes of an arrest before
ventricular equalization occurs. Chronic changes like right
ventricular free wall hypertrophy and right atrial dilation
make a pulmonary hypertensive crisis more likely, whereas
a thin-walled and dilated right ventricle with a normal size
right atrium make an acute event like a pulmonary embo-
lism more likely. As stated previously, conclusions based on
chamber sizes should be made only if there is preserved
cardiac activity and not in cases of true pulseless electrical
activity or asystole.

Pulmonary embolism is a common cause of pulseless
electrical activity. In one prospective, observational study
of 25 patients in cardiac arrest with nonshockable rhythms,
9 were found to have pulmonary embolism (8 confirmed
through transesophageal echocardiography [TEE] and 1
confirmed by autopsy).”® Surface ultrasound rarely leads
to direct visualization of pulmonary artery thrombus. Even
when performed and interpreted by practitioners with
advanced training, the sensitivity for pulmonary embolism
is only 29% using right ventricular dilatation, 51% using
right ventricular dysfunction, and 52 to 56% with the com-
bination of both.>**® Consequently, the American Society
of Echocardiography has stated explicitly that acute pul-
monary embolism cannot be ruled out with echocardiog-
raphy.®! Still, visualization of the aforementioned findings
during a point-of-care ultrasound exam should prompt
a scan of lower extremity veins for deep vein thrombo-
sis. Lower extremity scanning can take place during chest
compressions and evidence of clot warrants a risk/benefit
discussion about empiric anticoagulation or thrombolytic
therapy if computed tomography angiography is not fea-
sible after return of spontaneous circulation is achieved. In
the absence of deep vein thrombosis, it is important to keep
other causes of acute right ventricular failure in mind, such
as gas or fat emboli during procedures known to carry ele-
vated risk for these events.

Hypoxia

Respiratory insufficiency is the underlying cause of 15
to 40% of in-hospital cardiac arrests.”“* Severe, untreated
hypoxia commonly leads to bradycardia and eventually
pulseless electrical activity. Once a secure airway has been
established and controlled mechanical ventilation with ade-
quate fractional inspired oxygen tension provided, ultra-
sound can be deployed to investigate the precipitating cause
of hypoxia if it is not intuitive. Diffuse B lines on lung
ultrasound are nonspecific, because they may be observed
in diverse disease states including acute respiratory distress
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syndrome and decompensated heart failure. On the other
hand, focal B lines, combined with signs of pleural effu-
sion (hypoechoic fluid collection or a positive spine sign)
or consolidation (tissue-like sign or dynamic air broncho-
grams) will provide clues to guide therapy after successful
resuscitation. Patients with large pleural effusions may ben-
efit from ultrasound-guided thoracentesis.

Protocols for Point-of-care Ultrasound during
Cardiac Arrest

It is imperative that the ultrasound examination comple-
ment, and not interfere with, standard ACLS. Numerous
protocols exist, all aspiring to operationalize an approach
to point-of-care ultrasound during cardiac arrest. Most are
the result of expert opinion, and a subset have undergone
evaluation with prospective trials. Table 1 lists each proto-
col’s scanning focus, sequence, personnel involved, and dis-
tinguishing features.

Early protocols focused on assessment of the heart alone,
whereas subsequent approaches promote a more com-
plete exam alongside CPR. In spite of a limited scope, the
first protocol for ultrasound during cardiac arrest, labeled
Focused Echocardiographic Evaluation in Resuscitation
(FEER),"” was novel in detailing a step-wise algorithm
and in describing seminal elements that remain import-
ant today (including the incorporation of an independent
timekeeper). However, this algorithm permits interpreting
and giving a description of findings during the pulse check,
which may delay resuming chest compressions. The same
authors also developed the Focused Echocardiography
Entry Level (FEEL) protocol,® a training program for
emergency medicine, critical care, and anesthesiology cli-
nicians. A prospective, observational trial of patients under-
going prehospital ACLS found that using focused cardiac
ultrasound allowed identification of pseudo-pulseless elec-
trical activity and other findings that altered management
in 78% of subjects.”

A series of additional protocols expanded upon its
principles by encouraging the scanning of multiple ana-
tomic locations for findings that might aid in identifying
reversible causes for an arrest. For example, the Cardiac
Arrest Ultrasound Exam (CAUSE)' and Cardiac Arrest
Sonographic Assessment (CASA)'® protocols were unique
in recommending lung and abdominal evaluations, respec-
tively. Later, the pulseless electrical activity protocol (PEA, a
mnemonic for Pulmonary, Epigastric, Abdomen/additional
scanning regions)®” and the Sequential Echocardiographic
Scanning Assessing MEchanism or origin of severe shock of
indistinct cause (SESAME) protocol” added to a grow-
ing list of published methods for applying comprehensive
ultrasound during cases of both severe shock and cardiac
arrest. Two potential problems emerged as a result of the
creation of myriad protocols within a short time frame.
First, the variation in anatomical scanning order could be
confusing to prospective learners (table 1). One protocol,

Anesthesiology 2021; 135:508-19

for example begins with pulmonary, vascular, and abdomi-
nal exams (suggesting that they can be completed in under
40s), but there is likely greater diagnostic yield from imag-
ing the heart first during an arrest.” Second, more emphasis
was needed on efficiency and safety. A prospective, inter-
ventional study demonstrated that pulse checks associated
with an ultrasound exam were significantly shorter after a
protocol implementation.® However, the median duration
still exceeded 105 in both study groups.

More recent protocols have recognized that it is prudent
to only acquire images during pauses from CPR and to defer
image interpretation and extracardiac scanning until chest
compressions have resumed. A special interest group of the
International Federation for Emergency Medicine (West
Melbourne, Australia) provided a consensus statement with
a protocolized approach to Sonography in Hypotension
and Cardiac Arrest (SHoC)."? This methodology instructs
the sonographer to evaluate four “Fs” (fluid, form, function,
and filling) with a tiered set of views. The mandatory, core
evaluation assesses pericardial fluid, ventricular form, and
function (pseudo-pulseless electrical activity vs. true pulse-
less electrical activity/asystole). Optional supplemental and
additional views may assess for pleural effusions, pneumo-
thoraxes, or peritoneal free fluid concerning for hemor-
rhage. Similarly, the Echocardiographic Assessment using
Subcostal-only view in Advanced Life Support (EASy-
ALS) protocol includes a prerequisite training course and is
built on using only one acoustic window for cardiac imag-
ing and a novel description of shock phenotypes with cor-
responding suggestions for initial therapies.®®

Implementing Point-of-care Ultrasound Safely

Appropriate concern has been expressed about point-of-
care ultrasound during cardiac arrest, citing the potential
for its application to interfere with CPR.% Prospective,
cohort studies of cardiac arrest in emergency depart-
ment settings suggest that ultrasound use may be asso-
ciated with an increased duration of pulse checks.”%
However, when point-of-care ultrasound was performed
by an ultrasound-trained attending in the second of these
investigations, the median pulse check time was only 4s.
Although it is best to have the most experienced clini-
cian acquire images during ACLS, interpreting them does
not require significant expertise. In cardiac arrest simu-
lations, resident physicians trained in focused ultrasound
were capable of diagnosing management-altering pathol-
ogies within a timeframe similar to that of board-certified
cardiologists.®

A systematic approach is critical to minimize CPR
interruption and avoid patient harm. Each of the proto-
cols for point-of-care ultrasound in cardiac arrest described
above have limitations, and randomized controlled trials are
needed before any individual methodology can be recom-
mended for routine implementation. Still, there are select
components of these protocols that warrant emphasizing.
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Table 1. Unique Elements of Existing Protocols for Point-of-care Ultrasound Application during Cardiac Arrest

Personnel (Distinct

from ACLS Team)  Distinguishing Features

1. Subcostal view during chest compressions

2. Vascular (assess for deep vein thrombosis)

nostic approach in the following scanning

sequential pulse checks (<105s); additional

Trained physician;
timekeeper

Applicable in both cardiac
arrest and severe shock;
timekeeper counts out loud
during pulse check exam

Assessment limited to cardiac
motion, ventricular size and
function, and pericardial
fluid; prospective, obser-
vational study of protocol
performed in 2010

Focused on detecting possible
effusion, hypovolemia,
pulmonary embolism, and
pneumothorax

Timekeeper counts out loud
during pulse check exam;
interventional trial demon-
strated acceptable pulse
check duration

Trained physician

Trained physician

Trained physician;
timekeeper

Trained physician Applicable in both cardiac

arrest and severe shock

Trained physician Atypical scanning sequence;
emphasizes role of ultra-
sound in guiding therapies

during resuscitation

Trained physician Applicable in both cardiac
arrest and severe shock;
protocol developed as part
of consensus statement by
International Federation of
Emergency Medicine

Operational checklist

Trained physician;
timekeeper

Describes set of unique,
sonographic phenotypes
of shock that can aid in
recognizing and treating

Year

Protocol Published Scanning Focus Sequence Details

Focused Echocardiographic 2007 Cardiac 10-step algorithm, with 4 cyclical phases:
Evaluation in Resuscita- 1. Preparation
tion (FEER) 2. Image acquisition during pulse check

(<10s)

3. Resume CPR

4. Image interpretation, communication, and
action

Focused Echocardiographic 2009 Cardiac Same sequence as FEER
Entry Level (FEEL)

Cardiac Arrest Ultrasound 2007 Cardiac and
Exam (CAUSE) pulmonary 2. Other cardiac views during pulse check

(<10s)
3. Lung ultrasound thereafter

Cardiac Arrest Sonographic 2018 Cardiac and Evaluate for specific diagnoses in sequential
Assessment (CASA) pulmonary and pulse checks (<10s):

abdominal 1. Tamponade
2. Right heart strain
3. Organized cardiac activity
4. Lung and abdominal ultrasound during
active CPR

Pulmonary, Epigastric,and 2010 Cardiac and In spite of acronym order, sequence begins
Abdomen/additional pulmonary and with epigastric (subcostal) imaging that
scans (PEA) abdominal and informs further ultrasound evaluation

vascular

Sequential Echocar- 2015 Cardiac and 1. Lung (rule out pneumothorax, apply other
diographic Scanning pulmonary and lung ultrasound protocols)

Assessing MEchanism or abdominal and

Origin of Severe Shock vascular 3. Abdomen (free fluid)

of Indistinct Cause 4. Pericardium (effusion)
(SESAME) 5. Other cardiac evaluation

Sonography in Hypotension 2017 Cardiac and “4-F” (Fluid, Form, Function, Filling) diag-
and Cardiac Arrest pulmonary and
(SHoC) abdominal and order:

vascular 1. Core cardiac views
2. Supplementary views (inferior vena cava,
lung)
3. Additional views (abdomen/pelvis,
vascular, airway)

Echocardiographic 2020 Cardiac and After initial 2 min of CPR, cardiac exam
Assessment using pulmonary and performed from subcostal view during
Subcostal-only view in abdominal and
Advanced Life Support vascular images can be acquired from extracar-
(EASy-ALS) diac locations during active CPR, without

reversible causes of arrest

interfering with chest compressions

ACLS, Advanced Cardiac Life Support; CPR, cardiopulmonary resuscitation.

Point-of-care ultrasound staft are an integral part of the
ACLS team and thus need to communicate effectively with
the team leader and recorder throughout the resuscitation
process. Essential personnel include the most experienced
sonographer for scanning and a timekeeper for CPR pauses.
Detailed preparation is necessary: upon arrival to an arrest,
plug in and power on equipment, choose a phased array
probe with appropriate preset/depth/gain, and program the
video clip duration to at least 10s.The sonographer should

be in position, with gel applied and probe ready in the
subcostal space, as the opportunity for pulse check nears.
Acquire cardiac images during pulse checks, waiting to
interpret those images and perform additional, extracardiac
thoracic, abdominal, and vascular scanning after chest com-
pressions have resumed. The subcostal four-chamber view
is the preferred starting point for cardiac imaging, although
other standardized views may be attempted if needed in
subsequent pulse checks. During pauses, the timekeeper
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counts seconds out loud using a digital timer. Announce
findings and discuss potential interventions with the team.
Repeat the ultrasound exam after return of spontaneous
circulation is achieved to guide therapy. Finally, one of our
goals as perioperative clinicians is to prevent deterioration
to cardiac arrest. Ultrasound exams should be performed
for patients with significant hemodynamic instability of
unclear etiology in the postanesthesia care unit and inten-
sive care unit to identify possible interventions that may
prevent further decompensation. Such preemptive scanning
can also inform the team whether the patient has imaging
windows that are conducive to rapid image acquisition.
One auxiliary role for cardiac sonography from the sub-
costal view during CPR may be to confirm that the hand
position for chest compressions is maximizing cardiac out-
put, in conjunction with end-tidal carbon dioxide moni-
toring. Although it is common practice to position one’s
hands at the internipple line, in a study of 189 patients who
had undergone computed tomography of the chest, the
structure under the internipple line was either the aortic
root, left ventricular outflow tract, or ascending aorta in
80% of subjects.” Similarly, it has been demonstrated with
TEE during ACLS that the maximal area of compression
was the aorta in 78% of subjects” and that stroke volume
increases as the compression site is shifted to the xyphoid
process. Another common problem during standard resus-
citation efforts is the false positive or negative detection
of return of spontaneous circulation by pulse palpation. An
inability to detect a pulse, when present, may be secondary
to severe hypotension, body habitus, or insensate finger-
tips. Conversely, the clinician may mistakenly confuse her/
his own pulse with the patient’s. A pediatric study reported
sensitivity of 86% and specificity of 68% for pulse palpation

t,”> and there is also evidence that suc-

during cardiac arres
cessful carotid pulse detection depends on adequate neck
extension.” A recent study found that focused ultrasound
was superior to both manual palpation and Doppler assess-
ment in pulse recognition,” illustrating another indirect
benefit to ultrasound use during ACLS.

When transthoracic cardiac ultrasound is ineffective
because of the presence of surgical drains, subcutaneous air,
or other impediments, TEE may be advantageous if per-
formed by a qualified clinician. There is growing popularity
for TEE use in the emergency department during CPR,7>7
and credentialed anesthesiologists and intensivists are often
available during perioperative arrests. TEE can be per-
formed without interrupting active resuscitation and can
identify many of the same precipitating causes of an arrest
as surface ultrasound.””® In a video-based assessment of 139
pulse check periods, TEE use was associated with shorter
CPR pauses.” With careful patient selection, TEE is also
safe; in 7,200 patients undergoing intraoperative TEE, there
was only 0.2% morbidity and 0.0% mortality observed.®
Relative disadvantages of TEE include the need to wait
for endotracheal intubation and the inability to perform

Anesthesiology 2021; 135:508-19

a complete pulmonary exam or image the abdomen and
lower extremities. Therefore, TEE may be a useful addition
to, but not replacement for, surface ultrasound during car-
diac arrest.

Discussion

Point-of-care ultrasound is a valuable tool for confirming
rhythm classification, detecting preserved cardiac activity,
and narrowing the differential diagnosis for reversible causes
of cardiac arrest so that appropriate therapies can be initi-
ated. Focused ultrasound is endorsed for these purposes by
the most recent ACLS guidelines and is included as a dis-
tinct step in the nonshockable algorithm for perioperative
ACLS. With adequate expertise and precautions, it is pos-
sible to implement point-of-care ultrasound safely without
interfering with CPR.

One historical barrier to broad adoption has been acces-
sibility of ultrasound technology to the teams that respond
to cardiac arrests. Because many hospitals now have at least
a small number of ultrasound machines with a phased array
probe available for use in their operating rooms and postan-
esthesia care units, transport delays should be on the order
of minutes (which are spent initiating compressions or
delivering early defibrillation as appropriate) before the first
pulse checks when ultrasound is of greatest utility. However,
expedient deployment of these machines during an emer-
gency is contingent on departmental policies and systems
that promote equipment being stored in and returned to
central locations with consistency. The same may not always
be true for arrests throughout the hospital, but there is oppor-
tunity for anesthesiologists and resuscitation teams from
other services to leverage portable tablet- or smartphone-
compatible ultrasound devices during ACLS in remote hos-
pital sites.

Further study is needed to evaluate the relative efficacy
of available protocols for this application of point-of-care
ultrasound. In a randomized trial, Atkinson ef al.®' did not
observe a survival benefit nor a change in secondary out-
comes. However, their investigation was limited to patients
in undifferentiated shock, not cardiac arrest,®’ and it was
only powered to detect a 10% mortality reduction, which
may have been an unrealistic goal.*> Another trial random-
ized 100 patients in cardiac arrest to ACLS with point-of-
care ultrasound or standard ACLS and, although it did not
find that ultrasound was associated with increased survival,
it was also not powered to detect a clinically significant dif-
ference.”” Most protocols were evaluated through studies
suggesting some improvement in outcomes, but they are
small and observational in design. The EASy-ALS approach
incorporates commendable safety measures and a novel
classification system for severe shock and cardiac arrest eti-
ologies, and a multicenter, prospective study of its applica-
tion in surgical patients is in development. Because there
are countless variables conflating survival as an outcome
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measure, future randomized trials may consider evaluating
whether ultrasound has an eftfect on more specific endpoints
such as the identification of reversible causes of arrest leading
to therapies that enable sustained resuscitation. Performance
bias in these investigations could be reduced by ensuring
that study personnel who assess subjective outcome data
are blinded and that any staff who cannot be blinded to the
ultrasound exam evaluate objective outcomes only.

In addition to collecting outcome data for point-of-care
ultrasound in cardiac arrest and determining the relative effi-
cacy of protocols, continued efforts to provide training for
this tool to not only residents and fellows but also attending
anesthesiologists and surgeons are critical. Given that we are
intimately familiar with our patients’ histories and the events
that precede perioperative cardiac arrests, we are already
adept at developing hypotheses about underlying etiologies.
Focused ultrasound offers us a powerful tool to further refine
our differential and tailor therapies for successful resuscitation.
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