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Abstract
Purpose of Review Point of care ultrasound (POCUS) has played a role across almost every medical specialty. Although
anesthesiologists have been using bedside ultrasound for nerve blocks and vascular access for many years now, there has been
a recent push to incorporate whole-body POCUS into anesthesiologists’ training and daily practice. This article provides a brief
overview of the indications, techniques for image acquisition, and general principles in interpreting basic images.
Recent Findings Whole-body POCUS can provide quick diagnoses and impact clinical management across relevant pre-, intra-,
and post-operative settings. Anesthesia providers need to understand different applications for POCUS, including focused cardiac
ultrasound (FoCUS), lung ultrasound (LUS), gastric ultrasound, abdominopelvic ultrasound, and the use of ultrasound for airway
management. Currently, there is no standard ultrasound curriculum for anesthesiology residents, and teaching methods include
informal bedside teaching, structured expert demonstration, didactic lectures, and simulations. Model/simulation-based lecture
series may be effective in teaching ultrasound to anesthesiology residents, and e-learning and traditional didactics are both
equally effective in teaching POCUS applications such as LUS and focused assessment with sonography in trauma (FAST).
Creating protocol-guided frameworks for POCUS, such as I-AIM (indication, acquisition, interpretation, medical decision
making), can also ensure more consistent and reliable diagnoses and interpretations of findings.
Summary Applications of POCUS should be focused, goal-oriented, easily learned, rapidly performable at bedside, accurate, and
reliable. A variety of studies have shown this potential for POCUS in assessing cardiac, pulmonary, and intraabdominal pathol-
ogies, making it an emerging area of interest in medicine. The incorporation of POCUS into perioperative medicine provides an
important tool to ensure continued improvement in coordinating care for patients in the perioperative period.

Keywords Point of care ultrasound . POCUS . Bedside ultrasound . Ultrasound . FoCUS . FAST . Anesthesia

Introduction

Ultrasonography is a safe, portable, relatively inexpensive,
and easily accessible imaging modality that has been used

for more than half a century by physicians for diagnostic
and procedural purposes. Point of care ultrasound (POCUS),
or the use of ultrasound that is brought to the patient and
performed by the provider for evaluation, has played a role
in almost every medical specialty [1••]. It has dramatically
expanded in areas of critical care, surgery, and emergency
medicine, as well as primary care and internal medicine.

In anesthesiology, bedside ultrasound has become a familiar
tool in its use for vascular access and nerve blocks. More recent-
ly, however, increasing attention has been placed on incorporat-
ing whole-body POCUS into the daily practice of the modern
anesthesiologist, not just for procedural guidance but as an ad-
junct to traditional diagnostic tools in the evaluation and man-
agement of patient care [2]. Anesthesiologists may benefit from
the use of ultrasound in many settings, whether preoperatively to
help assess a patient’s cardiac function or aspiration risk, to in-
traoperatively and postoperatively to assess for causes in sudden
changes in hemodynamic or respiratory status (Table 1).
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Whole-body POCUS curriculums have been success-
fully incorporated into anesthesiology training programs,
with clinical examinations afterwards showing POCUS
affecting clinical management at a rate of 76% and new
pathology detection at 31% [3]. Accordingly, there has
been a national push to incorporate whole-body ultra-
sound into pre-anesthetic evaluation and anesthesiology
training [4] with some even calling for the start of bedside
ultrasound training in medical school [5]. However, de-
spite general consensus that POCUS is a valuable tool,
there is limited and inadequate training among anesthesi-
ology residents [6].

Several publications have advocated for the use and
benefits of whole-body POCUS for anesthesiologists [6,
7] [2, 7, 8••], and detailed techniques and applications
of bedside cardiac [9], lung [10, 11••,12••], abdominal
[13, 14], gastric [15, 16], and airway [17, 18] ultra-
sound have been described for use in various special-
ties. However, to our knowledge, there is presently no
comprehensive overview of the techniques and uses of
perioperative POCUS for anesthesiologists. The purpose
of this review is thus to provide an overview of the
different applications of perioperative POCUS that can
act as a primer for anesthesiologists and trainees.

General Principles

Basics of Ultrasound

Ultrasound is defined as high-frequency sound waves
that are above what humans can hear, or more than
20.000 Hz (20 kHz) [1••]. The frequency of diagnostic
ultrasound is in the millions of Hertz (MHz), with lower
frequency probes usually being 2 to 5 MHz and higher
frequency probes around 6 to 13 MHz [19]. In typical
ultrasonography, transducers (or probes) are composed
of multiple “crystals” that generate sound waves which
return and produce a current, thus both transmitting and
receiving the sound. These then produce multiple scan
lines to compose an image that is refreshed many times
per second to create moving images on the screen [1••].

The three most common probe types are linear, cur-
vilinear, and phased array. Each probe has a different
frequency, which determines resolution of image but is
inversely related to depth of probe penetration. Linear
probes have a high frequency, allowing for excellent
resolution of superficial structures, but the low penetra-
tion does not allow visualization of deeper structures.
Linear probes are thus best used for superficial

Table 1 Example perioperative
applications of POCUS for
anesthesiologists

Preoperative Intraoperative Postoperative

Cardiac Preoperative evaluation:

• Pericardial disease

• Left ventricle or right ventricle failure

• Preexisting regional wall motion
abnormalities

• Severe valvular lesions

• Preinduction volume status

Acute cardiac or
hemodynamic changes:

• New ventricular failure

• Regional wall motion
abnormalities

• Assess volume status

Lung Evaluate degree of respiratory disease:

• Pleural effusions

• Interstitial syndromes

• Pulmonary edema

Acute hemodynamic or
respiratory changes:

• Pneumothorax

• Hemothorax

• Acute pulmonary edema

Postprocedural
complications:

• Pneumothorax

• Hemothorax

• Pleural effusion

• Pulmonary edema

Abdominal Assessment of gastric contents/volume
and aspiration risk

Undetermined Acute
hemodynamic
changes:

• Hemoperitoneum

• Ruptured viscera

Airway Airway assessment

• Anticipated difficult airways

• Diagnosis /severity of obstructive
sleep apnea

• Predicted endotracheal tube size

Confirmation of tracheal
intubation

Confirmation of one lung
ventilation

Airway blocks

Identification of cricothyroid
membrane

Subglottic edema

20 Page 2 of 15 Curr Pain Headache Rep (2020) 24: 20



structures, such as for vascular access or more detailed
lung pleural evaluation. Curvilinear and phased array
probes, in contrast, are lower frequency (e.g., 2–
5 MHz) but have high penetration, allowing visualiza-
tion of deeper structures, such as for abdominal and
cardiac exams. The phased array has a smaller probe
footprint than the curvilinear probe, thus making it eas-
ier to obtain adequate views between ribs when doing
lung or cardiac exams.

Terminology

The echogenicity of tissue refers to how well ultrasound
waves penetrate through the tissue relative to surrounding
tissues. A structure can be hyperechoic (white on the screen,
relatively not well penetrated by ultrasound), hypoechoic
(gray), or anechoic (black). Ultrasound penetrates well
through solid organs (e.g., liver and spleen) and fluid, but it
does not penetrate well through bone or air. Fluid such as
blood, urine, and ascites thus often appear completely
anechoic. In contrast, bone will have a bright hyperechoic
rim, although it will also appear black or anechoic on ultra-
sound beyond the rim because the ultrasound beam cannot
penetrate bone and thus casts an acoustic shadow beyond
the surface of the bone [19]. Ultrasound is subsequently more
challenging and limited in its use in bony regions such as the
skull and chest, as well as in areas of the abdomen where
bowel gas may obscure the image.

Depending on the probe position relative to the sub-
ject, various planes are made by the ultrasound beam:
sagittal (longitudinal), transverse (axial), coronal (fron-
tal), or a combination (oblique). A window refers to
what the probe is looking through, or the location fo
the ultrasound probe. Together, a window and plane
create a view to describe a specific image. Probes often
have indicators on one side to help orient the operator
to the plane of the screen, although the side the indica-
tor corresponds to varies with ultrasound machines and
should always be double checked by the operator. For
instance, in general imaging, the indicator often corre-
sponds to the left side, although traditionally in echo-
cardiography it typically correlates to the right [1••].
Various terminology is also used to describe movement
of the probe, including sliding (moving the probe to a
different place on the body, or “window shopping”),
tilting (a rocking motion that moves the cord towards
or away the probe’s indicator, thus finding different
structures in the same plane), rotating (turning the probe
around its central axis), and angling (side-to-side move-
ment that creates new imaging planes parallel to the
original plane). Once a view is obtained, parameters
such as gain (displayed brightness) and depth can be
adjusted to optimize the image on the screen.

Applications of Perioperative Point-of-Care
Ultrasound

Focused Cardiac Ultrasound (FoCUS)

Indication

The focused cardiac ultrasound (FoCUS) is a valuable point of
care tool for anesthesiologists and, in the perioperative setting,
is most often used to help evaluate potential causes of hemo-
dynamic instability or signs of heart failure in patient (Table 2).
Distinct from transthoracic echo, in which extensive training is
needed to analyze and interpret images in unlimited clinical
settings, FoCUS is a focused cardiac exam using ultrasound
as an adjunct to recognize specific ultrasound signs that suggest
a narrower list of potential diagnoses in specific clinical settings
[20]. Multiple studies have shown the feasibility and success of
incorporating FoCUS into pre-, intra-, and post-operative set-
tings for both elective and emergency settings, providing im-
portant insight that can significantly alter patient management.

Information that can be quickly include biventricular
function, gross valvular abnormalities, pericardial effu-
sions, wall motion abnormalities suggestive of ischemia,
and surrogates of a patient’s volume status including infe-
rior vena cava (IVC) collapsibility and ventricular size.
Multiple cases have been reported showing the value of
bedside cardiac ultrasound in allowing fast diagnoses and
changes in intraoperative management, for instance reveal-
ing left ventricle (LV) inferior wall akinesis despite no elec-
trocardiogram (EKG) changes suggestive of acute ischemia
in a patient with sudden and profound hypotension at the
end of a case [21] or showing an underfilled LV in a patient
with hypertrophic cardiomyopathy despite adequate central
venous pressure (CVP) readings [22].

FoCUS also holds promise as a useful diagnostic modality
for pre-operative cardiac assessment. In patients who present
preoperatively with limited or no exercise tolerance and an
unclear cardiac history, FoCUS allows a quick assessment of
basic cardiac function to help decide whether further evalua-
tion by a cardiologist or with cardiac testing is warranted.
Gerlach et al. [23], for instance, described how the preopera-
tive FoCUS to determine volume status in a patient with
known aortic stenosis who was scheduled to undergo elective
endoscopic surgery revealed the patient to have cardiac
tamponade that was not appreciated by physical or history.
While not intended to replace current tools for assessing car-
diac function, ultrasound can augment traditional diagnostic
tools and exams that often miss important cardiac diagnoses
[24, 25]. For instance, 12-lead EKGs identify less than 10% of
patients with left ventricular hypertrophy [26]. Kobal et al.
[27] also showed that compared to board-certified cardiolo-
gists using physical exam alone, first year medical students
with minimal training for FoCUS far outperformed them in
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diagnosing cardiovascular diagnoses (75% vs. 49% accuracy).
Similar studies also support that even with limited training,
bedside cardiac ultrasound allows residents to more accurately
identify pathologies such as systolic dysfunction [28, 29] and
right atrial pressures [30].

Acquisition

FoCUS uses three windows (parasternal, apical, and
subcostal) to produce four views of the heart: parasternal long
axis, parasternal short axis, apical four chamber, subcostal
four chamber (Fig. 1). An additional subcostal view of the
long-axis IVC is often included in the FoCUS exam to assist
with evaluation of volume status. While techniques and appli-
cations of FoCUS are described in excellent detail by
Zimmerman and colleagues [9], we will summarize them
below.

Patient Position Because the heart lies obliquely in the chest,
surrounded by ribs and lungs which are naturally impenetrable
by ultrasound waves, obtaining clear views can be challeng-
ing. Patients can be examined in the supine position, but the
left lateral decubitus position is preferred for parasternal and
apical views as they bring the heart’s structures closer to the
chest wall. If a patient is not able to be placed in full left lateral
decubitus, even placing towels or pillows under their right side
to tilt them slightly to the left may be beneficial. Furthermore,
abduction of the left arm (e.g., asking patients to raise their left
arm and rest it behind their head) helps increase the intercostal

space, allowing less interference from the ribs in obtaining an
adequate view.

Probe SelectionA phased array probe is a good choice for this
exam, as it is lower frequency and deeper penetration allows
visualization of cardiac structures while maintain a small
“footprint” to use intercostal windows. While curvilinear
probes have similar frequency ranges, their slightly larger size
is less amenable to obtaining adequate views in the intercostal
windows, but they may be useful in the subcostal view.

Interpretation

Basic Cardiac Function Long- and short-axis views can be
used to make a crude estimate as to LV ejection fraction. To
assess RV size and function, the subcostal four-chamber view
is the preferred view. In this view, the RV should be smaller
than the LV, and the apex primarily comprised of the LV. If the
RVis enlarged, it will appear in similar size to the LVormay to
contribute to the apex. A “D sign” or flattening of the intra-
ventricular septum in the parasternal short axis view also sug-
gests high RV pressure and volume overload. Ultrasound vi-
sualization of global and regional function also allow quick
assessment of possible ischemia. Parasternal views of the LV
can, in most instances, help identify regions of the LV that are
hypokinetic or akinetic, as it uniquely allows assessment of
movement of each of the 6 segments that represent myocardial
territories perfused by each of the 3 main coronaries.

Table 2 Focused cardiac ultrasound (FoCUS)

Focused cardiac ultrasound (FoCUS)

Indications Gross assessment of biventricular function, gross valvular abnormalities, pericardial effusions, wall motion abnormalities suggestive of
ischemia, and surrogates of a patient’s volume status

Patient position Parasternal, apical views: supine or left lateral decubitus (preferred)
Subcostal views: supine (bend knees to decrease abdominal tone)

Probe Phased array (low frequency, deep penetration, small probe footprint)
Views Probe position Interpretation
Parasternal long axis Left sternal border, 3rd/4th inter-

costal space;
Indicator towards patient’s right

shoulder (10 o’clock)

Provides a gross assessment of ejection fraction, ventricular size, mitral valve prolapse/fail, aortic
stenosis or insufficiency, and effusions. Pericardial effusions will appear between the heart and
descending aorta, while pleural effusions are posterior to the aorta.

Parasternal short axis Left sternal border, 3rd/4th inter-
costal space;

Indicator towards left shoulder (2
o’clock)

Allows relative comparison of left ventricle (LV) and right ventricle (RV) size and function. High RV
pressures or volume overload will present as a flattened intraventricular septum. Coronary ischemia
and infarct can also be detected by hypokinesis at the specific LV segments.

Apical four chamber Inferolateral to nipple/breast
Indicator towards patient’s left (5

o’clock)

Allows evaluation of regional and global systolic function, relative ventricular and atrial size, and
valvular function. Poor apical LVmovement suggests ischemia in the left anterior descending artery
territory.

Subcostal four
chamber

1–2 cm below xiphoid, slightly
right of midline

Indicator towards left (3 o’clock)

Preferred view for assessing the right heart, including RVand TV pathology. Also the best view during
cardiac arrest as it does not interfere with compressions.

Subcostal inferior
vena cava (IVC)

1–2 cm below xiphoid, slightly
right of midline

Indicator towards head (12
o’clock)

Allows assessment of IVC collapsibility as a surrogate for volume status. The IVC should be
visualized draining into the right atrium, with hepatic veins also draining into the IVC to ensure the
aorta is not being visualized.
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Severe Valvular Abnormalities FoCUS allows for gross assess-
ment of valvular function. The parasternal long-axis view al-
lows a quick, qualitative evaluation of mitral valve function
including potential prolapse and flail. The subcostal four-
chamber view is the preferred view for assessing the function
and structure of tricuspid valve. The aortic valve should be
well visualized in the parasternal long axis. If the valve opens
poorly and appears heavily calcified, stenosis should be
suspected.

Volume Status The parasternal long- and short-axis views of
the LV can also help provide a gross assessment of volume

status, with a highly collapsible central cavity with near oblit-
eration of the end-systole cavity, suggestive of significant in-
travascular depletion. Conversely, if the intraventricular sep-
tum (IVS) appears flat between the two ventricles in the
parasternal short axis view, suspect RVoverload.

Although controversial, IVC collapsibility, which can
be visualized and measured in the subcostal window,
has been used to evaluate central volume status. When
scanning for the IVC, it is important to keep the RA on
the screen so that a long-axis view of the IVC can be
seen as it enters the RA, in order to prevent mistaking
the aorta as the IVC. Visualizing hepatic veins as they

Fig. 1 Schematic and ultrasound
images of the four standard views
of the heart in FoCUS. a
Parasternal long axis. b
Parasternal short axis. c Apical
four-chamber view. d Subcostal
four-chamber view
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enter the IVC also confirms which vessel is being
visualized.

Pericardial Effusions The subcostal view allows the easiest and
most reliable detection of pericardial effusions because it pro-
vides visualization of the most dependent portions of the heart.
Asking the patient to inspire deeply can bring the heart closer
to the probe and provide improved visualization. Pericardial
effusions can be seen along the heart, separating the aorta from
the pericardium. In contrast, pleural effusions will accumulate
posterior to the descending aorta.

Lung Ultrasound (LUS)

Indication

The use of bedside lung ultrasound (LUS) to evaluate for
pulmonary disease is not a novel technique and has been used
in critical care since the early 1990s [31], followed by the field
of emergency medicine and more recently in perioperative
settings by anesthesiologists. LUS is a valuable, effective,
and accurate goal-directed diagnostic technique for real-time
assessment of respiratory symptoms and signs (Table 3).
Because of high ultrasound reflectivity of the air-tissue inter-
face, the air-filled lung cannot be directly visualized and ul-
trasound does not allow direct evaluation of the normal pul-
monary parenchyma. Somewhat paradoxically, however, the
acoustic limitations of ultrasound in normal, air-rich lungs
provides a diagnostic advantage, as the use of LUS relies on
recognition of signs, artifacts, and patterns associated with
certain pathologies that are definite and easily recognized
[12••]. LUS has been thus shown to be easily learned, accu-
rate, and reproducible [11••] and can help determine the etiol-
ogy of hypoxia in over 90% of cases [32]. It can be an ex-
tremely valuable tool for the anesthesiologist, allowing eval-
uation of causes of hypoxia as well as acute hemodynamic
instability (e.g., tension pneumothorax) much faster than tra-
ditional diagnostic tools and imaging.

Acquisition

A thorough review of lung ultrasound technique is described
elsewhere [10, 11••, 12••] but summarized below.

Probe Selection A high-frequency linear probe allows visual-
ization of up to around 4 cm, which is adequate to examine the
superficial pleural line and lung parenchyma. Because it offers
the highest resolution for examining abnormal pleural sur-
faces, it is the probe of choice for evaluating pneumothoraxes
or edema.

Lower frequency probes can be used to evaluate deeper,
under-pleural artifacts such as effusions [33]. Although the
phased array probe’s small footprint may be advantageous in

evaluating the anterior chest because it allows a view in small
intercostal spaces, it examines only a tiny field of the pleural
surface and is thus prone to causing missed, localized patholo-
gy. However, it is a good choice for gross, diffuse pathology
such as pulmonary edema or large effusions. The curvilinear
probe is a low-frequency probe with good penetration and thus
ideal when scanning the pleural surface for general pathology.
It also allows adequate views of the costophrenic angle, liver,
and diaphragm when looking evaluating for effusions.

Patient PositionGenerally, patients are examined in the supine
position. Probes are placed on the anterior to assess for non-
dependent pathologies such as a pneumothorax, as this is
where air in the pleural space will accumulate in a supine
patient [33]. If a patient is in a semi-sitting position, for in-
stance because of respiratory distress, the least-dependent area
would be the apical region, although this is challenging and
less accessible for imaging because of the clavicles. In con-
trast, the probe is placed in the posterolateral area of the chest
if looking for more dependent pathology, such as consolida-
tion, effusion, or hemothorax.

Interpretation

As mentioned above, ultrasound energy is rapidly dissipated
by air and thus does not allow direct evaluation of normal lung
parenchyma, instead relying on recognition of common sono-
graphic signs including lung sliding, A-lines, lung point, lung
pulse, and B-lines (Fig. 2). These are described below in rela-
tion to common lung pathologies.

Normal Lung Normally, movement between visceral and
parietal pleura results in a moving, shimmering pleural line
known as lung sliding. Lung sliding at the parasternal areas
rules out pneumothorax in the site of scanning with 100%
negative predictive value [34, 35]. M-mode can be used to
confirm a dynamic pleural line through distal artifacts in a
granular pattern resembling sand on a beach, sometimes
referred to as the “seashore sign”. In addition, hyperechoic,
horizontal lines known as A-lines can be seen at regular
intervals from the pleural line and represent reverberation
artifacts in the air-filled lung. Together, A-lines and lung
sliding represent an intact pleural line with normal content
of air in the alveolar spaces (Fig. 2a).

Pneumothorax A static pleural line suggests the absence of
lung sliding, and in M-mode this is represented by a
barcode appearance (Fig. 2b). Although the absence of
lung sliding suggests possible pneumothorax, it is impor-
tant to note that the lack of lung sliding and horizontal
pleural movement can also be caused by adhesions, very
low lung compliance, massive atelectasis, or in an apneic
patient or main-stem intubation. Other signs like the lung
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Table 3 Lung Ultrasound
Overview Lung ultrasound (LUS)

Indications Evaluation of causes of hypoxia and hemodynamic instability
(e.g., tension pneumothorax)

Patient Position Supine

Probe Anterior chest: linear

Posterolateral chest: curvilinear, phased array

Probe Position Anterior chest for non-dependent pathology (pneumothorax,
edema): 3rd-4th intercostal space, mid-clavicular line; probe
ndicator pointing towards patient’s head

Posterolateral chest for dependent pathology (consolidation,
effusion, hemothorax): near costophrenic angle with
visualization of liver; indicator towards patient’s head

Signs

Lung sliding Shimmering, hyperechoic pleural line between ribs, suggesting
intact visceral and parietal pleura

A-lines Equidistant reflection of pleural line, caused by reverberation
artifacts in an air-filled lung, suggesting normal lung tissue

Lung point Transition point between normal sliding lung to absence of lung
sliding (specific for pneumothorax)

In M-mode, this is visualized as transition from the seashore
sign (granular, sand on the beach appearance, suggesting
normal sliding lung) and barcode sign (non-sliding lung)

B-lines Bright, comet-tail signs extending from pleural line to bottom of the
screen, caused by changes in the lung’s tissue density or air content

Interpretation

Normal lung Lung sliding, seashore sign (M-mode), A-lines, occasional B-line

Pneumothorax Absent lung sliding, barcode sign (M-mode), B-lines, and lung pulse

Confirm with identification of lung point

Edema 3 or more B lines

Atelectasis Lung sliding may be absent; lung pulse will still be present

Consolidation Hepatization of lung

Effusion Hypoechoic fluid around lung base

Fig. 2 Common signs in lung ultrasound associated with patterns to help identify (a) normal lung, (b) pneumothorax, and (c) effusions
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pulse and B-lines, both described in more detail below, are
artifacts which can only exist in the present of an intact
visceral and parietal pleural, and thus their presence—
even in the absence of lung sliding—rules out a pneumo-
thorax at the scanned site [33, 34].

When this pattern suggests a pneumothorax (no lung
sliding, lung pulse, or B-lines), the most definitive way to
confirm the pneumothorax is to identify the lung point, or
the dynamic transition point between normal, sliding lung
and the absence of lung sliding. It is highly specific (98–
100%) for diagnosing a pneumothorax [35, 36]. To find the
lung point, the probe is gradually moved towards the
lateral-inferior chest areas to find a point on the chest wall
where there is re-visualization of a respiratory pattern (e.g.,
lung sliding) that is intermittently replaced by motionless
pleura, corresponding to the edge of the intrapleural air
layer. In M-mode, the lung point appears as an abrupt tran-
sition from a barcode appearance to the “seashore sign”
(Fig. 2b).

Interstitial Syndrome and EdemaWhen the density of the lung
tissue or air content changes, such as from exudate, transudate,
collagen, or blood, the acoustic mismatch between the lung
and surrounding tissues lowers and subsequently allows ultra-
sound beams to be repeatedly reflected at deeper zones. This
causes artifacts known as B-lines, which are described as
bright, hyperechoic, comet-tail signs that start at the pleural
line and extend to the bottom of the ultrasound screen without
fading (Fig. 2c). These artifacts obliterate normal A-line arti-
facts seen in lung and move with pleural siding [37]. While B-
lines are often visualized in normal lung, three or more B-lines
within the same intercostal space (one longitudinal scan) is
considered a “positive B pattern” and suggests lung interstitial
syndrome, with the number and diffusion of B line increases
as fluid content increases [38].

If seen diffusely and homogenously across the anterior
chest, cardiogenic pulmonary edema should be considered;
in contrast, edema from acute lung injury or acute respiratory
distress syndrome shows a more irregular pattern [12••]. B-
lines may assist in the early detection of acute interstitial pul-
monary edema, and they are highly sensitive for pulmonary
edema but not specific, as B-lines may also represent changes
in lung tissue from pathology such as pneumonia or pre-
existing interstitial disease.

Atelectasis The lung pulse refers to subtle, vertical move-
ments of the pleura synchronous with cardiac beats,
suggesting air in the lung but in a non-ventilated lung
area, acting like a “bag full of air” receiving the trans-
mitted “kicks” of the neighboring heart. For complete
atelectasis, the lung pulse sign is reported to have sen-
sitivity and specificity of 70–99% and 92–100%, respec-
tively [39].

Consolidation When the lung is highly fluid filled, it resem-
bles the liver in echogenicity [12••]. In severe consolidation, a
pleural effusion may be visualized at the lung base. Effusions
are dependent and thus accumulate in the costophrenic angles,
appearing as a hypoechoic “space” between the base of lung
and diaphragm. A phased array probe can be used, allowing
adequate penetration and depth to identify the liver, dia-
phragm, and lung bases, and placed in the posterolateral chest.
Again, the probe marker should be directed cephalad.

Abdominopelvic Ultrasound

Indication

The focused assessment with sonography for trauma (FAST)
is an application of POCUS that has been well-incorporated
into the practice of emergency medicine, critical care, and
surgery. Traditionally, the FAST exam is used in the setting
of trauma to quickly identify free fluid suggestive of
intraabdominal hemorrhage or free air suggestive of a rup-
tured viscus, as well as cardiac and lung views to look for
pericardial or pleural effusions, respectively. Table 4 provides
an overview of focused abdominopelvic ultrasound.

In the presence of intraabdominal bleeding in trauma and
shock patients, FAST has proven to be extremely valuable
tool, as in trauma and shock patients, the probability of death
increases by approximately 1% for every 3 min that pass be-
fore treatment [40]. Studies have found that compared to ab-
dominal CT scan, the sensitivity and specificity of FAST for
detecting free fluid ranges from 64 to 98% and 86 to 100%,
respectively [41, 42], and the average volume of fluid detect-
able by FAST ranging from 250 to 600 mL [43, 44].

For the anesthesiologist, similar views and concepts of the
FASTexam can be used in the postoperative period for patients
who decompensate after abdominal procedures, whether in the
operating room, postoperative care unit, or intensive care unit.
Using components of the FAST exam can help providers rap-
idly assess whether a patient’s evolving hemodynamic instabil-
ity is due to intraabdominal hemorrhage or ruptured viscera.
Furthermore, ultrasound allows not only fast identification of
potentially life-threatening intraabdominal fluid but can also
help guide the drainage of it, when applicable [45].

Acquisition

The components of the FAST most relevant for the anesthesiol-
ogist include three main ultrasound views that reveal spaces
where fluid often accumulates in the abdomen and pelvis: (1)
Right upper quadrant (RUQ) view to assess for fluid in the
hepatorenal interface and subphrenic space, (2) left upper quad-
rant (LUQ) view to assess splenorenal interface and subphrenic
space, and (3) pelvis view to assess the rectovesicular space and
in female patients, the pouch of Douglas.
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Patient Position Patients are usually assessed in the supine
position. To increase sensitivity of the RUQ and to some ex-
tent LUQ exam, patients can be placed in Trendelenburg in
which gravity helps drive fluid up the pericolic gutters [46].

Probe Selection A low-frequency probe, such as the curvi-
linear or phased array probes, is used to provide adequate
tissue penetration.

Interpretation

Most relevant to the anesthesiologist is the use of the FAST
views to assess for possible hemoperitoneum. The presence of
anechoic fluid located in any potential space (hepatorenal,
perisplenic, rectovesiular/pouch of Douglas) should raise con-
cern for hemoperitoneum.

Given the tendency for fluid to collect in the RUQ, this
view is usually obtained first. The RUQ view is both the most
sensitive and easiest view for detecting hemoperitoneum [13].
In the absence of hemoperitoneum, the double density of the
kidney is adjacent to the liver, with the absence of the potential
hepatorenal space. In contrast, a positive scan would reveal
anechoic (black) fluid pooling between the liver and kidney,
creating a hepatorenal space. If a positive RUQ scan is found,
no fu r the r abdomina l imag ing i s neces sa ry as
hemoperitoneum has been confirmed. On the left side, the
presence of the phrenicocolic ligament tends to direct free
fluid to the subphrenic space rather than the splenorenal inter-
face [13]. The space and identification of diaphragm can be
challenging due to multiple artifacts. The kidney also sits
higher on the left side than on the right, so structures are more
cephalad and may require probe adjustments accordingly.

In the development of a hemoperitoneum, initial exams
may be falsely negative as it takes time for fluid to collect.
Sequential imaging is thus encouraged when there is a high
suspicion for intraperitoneal fluid. Over time, blood that

begins to coagulate may change from appearing anechoic to
an iso- or hyperechoic.

The pelvic exam can be obtained in two different planes,
with the probe either oriented horizontally or longitudinally.
Image quality is optimized with an adequately filled bladder.
The rectum and/or uterus is visualized deep to the bladder. Just
as in the upper quadrant views, free fluid is seen as anechoic
fluid and detected posterior to the bladder in males or in the
pouch of Douglas in females.

Gastric Ultrasound

Indication

Aspiration remains a rare but serious anesthetic complica-
tion, contributing to up to 9% of all anesthetic-related
deaths [47, 48]. Gastric content is one of the main risks
for aspirations, thus resulting in development of guide-
lines for preoperative fasting. The current guidelines by
the American Society of Anesthesiologists, for instance,
recommend a minimum of 2 h fasting for clears, 6 h for a
light meal or nonhuman milk, and 8 or more hours after a
full meal. However, these guidelines are intended for
healthy patients undergoing elective procedures, not pa-
tients with comorbidities that affect gastric emptying or
volume, including pregnancy, obesity, diabetes, reflux,
trauma, or bowel obstructions, or potentially challenging
airways [49]. Point-of-care gastric ultrasound has subse-
quently gained increasing attention as a diagnostic tool to
help assess gastric content type and volume and thus as-
piration risk in various settings, such as elective proce-
dures where NPO guidelines are not followed or in which
it is unknown, or in high-risk patients despite appropriate
NPO guidelines (e.g., recent trauma, diabetes, chronic
opioid use, active labor) [16]. Visualization of the gastric
antrum without evidence of solid or fluid content and a

Table 4 Focused
abdominopelvic ultrasound
overview

Focused abdominopelvic ultrasound

Indications Assessment of free fluid or air as cause of hemodynamic instability

Patient
position

Supine

Trendelenberg to maximize gravity’s effects on fluid
collection in RUQ/LUQ view

Probe Phased array, curvilinear

Views Probe position Anatomy

RUQ Longitudinally along mid-axillary line and costal margin;
indicator to patient’s head

Hepatorenal interface
(Morison’s pouch)

LUQ Longitudinally along axillary line, more posterior than with
RUQ; indicator to patient’s head

Splenorenal interface,
subphrenic space

Pelvis Longitudinally or transversely along midline Rectovesicular space, pouch of
Douglas (females)

RUQ= right upper quadrant. LUQ= left upper quadrant

Curr Pain Headache Rep (2020) 24: 20 Page 9 of 15 20



low cross-sectional area may, for instance, reassure phy-
sicians to proceed with sedation or LMA in emergent
cases where NPO guidelines are not clearly met but co-
morbidities and/or coagulopathies make regional or gen-
eral endotracheal anesthesia undesirable. On the other
hand, it could also lead providers to choose to intubate
with an endotracheal (ETT) rather than provide sedation
or use of a supraglottic airway in a diabetic patient with
severe gastric delay who, despite having followed NPO
guidelines, may still have significant amount of contents
visualized in the stomach on ultrasound. Perlas and col-
leagues have proposed a detailed framework for using
bedside gastric ultrasound in such perioperative settings
[16]. Table 5 shows basic principles of gastric ultrasound.

Acquisition

The gastric antrum, located superficially (approximately 3–
4 cm) is most amenable to ultrasound examination and accu-
rately reflects the contents of the entire stomach [15]. With a
sagittal scan in the epigastric region at the left subcostal mar-
gin and fanning past midline to the right subcostal region, the
gastric antrum should be visualized as a hollow viscus with a
prominent muscular wall, positioned between the left lobe of
the liver and pancreas.

Patient Position Patients may be positioned supine, semi-sit-
ting, or in right lateral decubitus. The most reliable exam is
obtained in the right-lateral decubitus position as contents will
gravitate to the antrum in this position; an empty stomach
cannot be based on a scan in the supine position alone [50].

Probe Selection A low frequency, high penetration curvi-
linear probe is needed to identify relevant anatomic
landmarks in adults. A linear, high-frequency probe
may be used for children [16]. Probe positioning for
various ultrasound exams is shown in Fig. 3.

Interpretation

Baseline gastric secretions and clear fluids (water, apple
juice, black coffee) appear hypo- or anechoic. As gastric
volume increases, the antrum becomes rounder and
distended with thinner walls. Thicker fluids such as
milk have increased echogenicity. After a solid meal, a
“frosted glass” pattern may form due to food and air
mixed with chewing and swallowing. This air/solid mix-
ture creates multiple artifacts that may blur the posterior
wall of the antrum and create a shadowing effect.
Ultrasound can also show peristaltic gastric contractions
which may suggest more recent oral intake.

Several studies have shown that the antral cross-
sectional area (CSA) derived from sonography correlate
with total volume of gastric volume [15] and can further
define aspiration risk [51, 52]. The use of ultrasound
and CSA to grade aspiration risk is more thoroughly
described in a review by Van de Putte [16] and Perlas
[15]. Although studies have shown these to be accurate
and reliable [51, 52], as a relatively newer application
of perioperative ultrasound, more studies are needed to
better characterize the reliability as well as sensitivity
and specificity for differentiating between different types
of gastric content (e.g., empty, clear fluid, solids).

Table 5 Gastric ultrasound
overview Gastric ultrasound (LUS)

Indications Identification of gastric volume and content to assess aspiration risk in patients with
NPO status that is either unknown, marginal to guidelines, or appropriate but in
high-risk patients for delayed gastric emptying

Patient position Right lateral decubitus (most reliable to identify all gastric contents)

Probe Curvilinear

Probe position Midline epigastric area, probe longitudinal with indicator to patient’s head. Scan until
gastric antrum is seen with prominent muscular wall, positioned between left lobe of
the liver and pancreas. The SMA and aorta may also be seen posterior to the antrum.

Findings

Empty stomach Antrum as a hollow viscus with prominent muscular wall

Clear liquid-filled More distended antrum, hypoechoic or anechoic

Thick fluid and
solid-filled

Enlarged antrum with increased echogenicity

Solid and air-filled Enlarged antrum with increased echogenicity, as well as
“shadowing” artifact from air mixed with food
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Airway Management

Endotracheal (ETT) Placement and Confirmation

Many proposed models of perioperative POCUS include
the role of ultrasound for confirmation of ETT place-
ment [2, 8••], either in real time imaging over the neck
during intubation, or secondarily by detection of venti-
lation with signs of lung sliding or diaphragmatic move-
ment. These studies have primarily been done for intu-
bations in the emergency room rather than in the oper-
ating room, as the use of ultrasound for ETT confirma-
tion would be most beneficial where capnography is not
immediately available or noise prevents auscultation
such as emergency room or pre-hospital settings.

Direct ultrasound confirmation of tracheal intubation is in-
ferred from a single, hyperechoic air-mucosal interface (the
trachea), whereas esophageal intubation creates two (both tra-
chea and esophagus), or the “double tract sign.” This approach
has shown comparable sensitivity and specificity to waveform
capnography and clinical exam [53–56]. One meta-analysis
that included 11 trials (n = 969 intubations) and reported both
sensitivity and specificity of 98% [57]. Chou et al. also includ-
ed cadaveric studies (n = 1656 intubations) with reported sen-
sitivity and specificity of 93% and 97%, respectively [55].
Furthermore, because the patient’s lungs must be ventilated
several times to confirm with capnography, transtracheal ul-
trasound allows for fast confirmation [53, 58, 59] and is as fast
as auscultation alone, and faster than standard auscultation
and capnography [60, 61].

Confirmation of ETT can also be done indirectly
through identifying signs of lung ventilation including
lung-sliding [62–64] and diaphragmatic motion through
a subcostal view [65]. For secondary confirmation, bilat-
eral assessment is important to avoid missing a mainstem
intubation, and the patient cannot be spontaneously
breathing. Table 6 summarizes basic principles of
trancheal ultrasound.

Lung Isolation

Observing lung sliding has also been utilized to assist with
confirmation of lung isolation in several studies. Although
one lung ventilation is typically assessed by direct visualiza-
tion of tube placement by flexible bronchoscopy, Saporito
et al. [66] (n = 51) demonstrated that ultrasound and bronchos-
copy yielded identical results with the exception of one case
with inadequate windows for ultrasound assessment.
Ultrasound has also been shown to be superior to clinical
exam alone [67, 68]. In a study by Ramsingh et al. [68],
single-lumen ETTs were placed into either the trachea, right
mainstem, or left mainstem under bronchoscopic guidance
(n = 42), and blinded assessors determined tube position either
with ultrasound or auscultation. The authors found that the use
of ultrasound had a sensitivity and specificity of 93% and
96%, respectively, compared to 66% and 59% for ausculta-
tion. Alvarez-Diaz et al. [67] similarly found sensitivity and
specificity of US to be 98% and 53%, superior to 85% and
41% with clinical assessment alone.

Additional Airway Uses

As anesthesiologists become more trained in whole-body ul-
trasound, POCUS of the airway may continue to develop. It
has been suggested ultrasound can provide a non-invasive
version of the Cormack-Lehane classification as it has been
shown to have a significant correlation between ultrasound
evaluation and the epiglottis and vocal cords distance and
may supplement current noninvasive modalities of pre-
anesthetic airway assessment, such as the Mallampati
Classification [69]. However, evidence for the ability to pre-
dict a difficult airway is inconsistent [70, 71]. Ultrasound may
be useful to evaluate pathology affecting airway management
such as laryngeal stenosis or cysts [17]. Using ultrasound to
measure the width of the base of tongue has also been shown
to predict severity of obstructive sleep apnea (OSA) [72].
Ultrasound can also be of use intraoperatively to perform

Fig. 3 Probe positioning for (a) focused cardiac ultrasound, (b) lung ultrasound and transtracheal confirmation of ETT tube, and (c) gastric and focused
abdominopelvic ultrasound. A= antrum, Ao= aorta, K= kidney, L= liver, P= pancreas, S= stomach, Sp= spleen
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airway nerve blocks, locate the cricothyroid membrane for
emergency tracheostomy [73] and predict appropriate diame-
ter for ETT through measurement of subglottic diameter [74].
Postoperatively, it can also be used to assess for subglottic
edema [18], for instance in a patient with increasing postop-
erative distress. The use of POCUS for these and other topics
in airway management is described more thoroughly by
Kristensen [17] and Votruba and colleagues [18].

Conclusion

Applications of POCUS should be focused, goal-orient-
ed, easily learned, rapidly performable at bedside, accu-
rate, and reliable. As reviewed above, a variety of stud-
ies have shown this potential for POCUS in assessing
cardiac, pulmonary, and intraabdominal pathologies,
making it an emerging area of interest in medicine.
The incorporation of point-of-care ultrasound into peri-
operative medicine is an important advancement in the
field of anesthesiology, providing us with an important
adjunct and tool to ensure our continued improvement
in coordinating care for patients in the perioperative
period.

Critical to the effective and safe use of this powerful
diagnostic tool is, however, proper training. User depen-
dence is an important limitation of the use of POCUS
by anesthesiologists, with concerns that image misinter-
pretation may result in incorrect assessment or treat-
ment. As ultrasound is likely the most operator-
dependent of all imaging modalities [75], the limited
training for POCUS among anesthesiology trainees must
be addressed. Currently, there is no standard ultrasound
curriculum for anesthesiology residents, and teaching

methods vary from informal bedside teaching, structured
expert demonstration, didactic lectures, and simulations
[76]. Further barriers to training may include limited
time and comfort of educators themselves with the re-
cently emerging applications of POCUS. However,
many have started sharing their experiences with pilot
curriculums in anesthesiology trainees, providing insight
to help other programs create their own curriculums.
For instance, groups have found that model/simulation-
based lecture series are likely to be more effective in
teaching ultrasound to anesthesiology residents [77], and
that e-learning and traditional didactics are both equally
effective in teaching POCUS applications such as LUS
and FAST [78, 79]. Creating protocol-guided frame-
works for POCUS, such as I-AIM (indication, acquisi-
tion, interpretation, medical decision making), can also
ensure more consistent and reliable diagnoses and
interpretations of findings [16, 75] and should thus be
further developed and widely taught. Standardized, na-
tional curriculums or workshops that expose anesthesi-
ologists of all levels to these would be beneficial.
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Table 6 Transtracheal ultrasound
confirmation of endotracheal
(ETT) placement

Transtracheal ultrasound

Indications Confirm ETT placement, especially when capnography is unavailable or auscultation
potentially unreliable

Patient position Supine

Probe Curvilinear, linear

Probe position Transversely just above the suprasternal notch, taking care not to apply too much pressure
that the underlying anatomy becomes displaced or intubation more challenging

Findings

Normal anatomy Trachea seen as a hyperechoic, curvilinear structure with comet-tail artifact and
shadowing; Esophagus to the right of the trachea as a round structure with a hypoechoic
center surrounded by a hyperechoic wall

Tracheal
intubation

Increase in artifact and shadowing in the trachea; slightly shaking ETTwill show just
movement in the trachea; Doppler showing flow in trachea only

Esophageal
intubation

“Double tract sign”: both the trachea and now esophagus appear as hyperechoic,
curvilinear structures with comet-tail artifact and shadowing; Doppler nowwith flow in
esophagus also

ETT= endotracheal tube
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pressure; RV, Right ventricle; LUS, Lung ultrasound; FAST, Focused
assessment with sonography for trauma; RUQ, Right upper quadrant;
LUQ, Left upper quadrant; CSA, Cross-sectional area; OSA,
Obstructive sleep apnea
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