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Abstract

Purpose of Review Application of ultrasound in clinical anesthesia practice extends beyond regional anesthesia. In this
review, we have discussed other point-of-care applications of ultrasound in perioperative care and anesthetic management
with emphasis on regional anesthesia practice.

Recent Findings Point-of-care ultrasound (POCUS) for anesthesiologists has gained widespread interest and popularity.
Recent literature has highlighted multiple perioperative POCUS applications on various organ systems and their benefits. In
this section, we have analyzed the recent available data and evidence for perioperative POCUS for airway, gastric contents
and trauma, its applications, benefits, and limitations in perioperative medicine.

Summary Perioperative POCUS skill is a natural extension of ultrasound guided regional anesthesia. Utilizing POCUS in
the perioperative period would accelerate the level of appropriate care, safety, and improve outcomes. More anesthesiolo-
gists embracing POCUS would enhance patient care in a timely fashion. POCUS in regional anesthesia practice, including
ambulatory centers, can be valuable in avoiding delay or cancellation of surgeries and improving patient satisfaction.

Keywords Regional anesthesia - Airway ultrasound - Gastric ultrasound - DVT ultrasound - Cardiac ultrasound - Lung
ultrasound - Perioperative POCUS
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twenty-first century” [1, 2]. It is widely used across multiple
specialties for timely diagnosis and management of critical
clinical situations. The utility and scope of POCUS contin-
ues to expand with advances in technology, portability, and
affordability of ultrasound machines.

POCUS has been well established in the practice of
emergency medicine and critical care [3, 4]. Recently, the
importance and utility of POCUS in anesthetic practice
is being widely recognized and strongly recommended
[5, 6]. The expectation of competency in this skill is not
limited to the practicing anesthesiologists but also for
the trainees [7, 8]. The American Society of Anesthesi-
ologists (ASA) published recommendations regarding
scope of practice and training in POCUS [9ee]. Several
other international anesthesia societies have also adopted
guidelines, recommendations for training, practice, and
competency in perioperative POCUS skills [10, 11, 12e].
Regional anesthesiologists, as early adopters of ultra-
sound, have a unique skill set that lends itself to using
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POCUS effectively throughout the perioperative period
[13]. Regional anesthesiologists can be champions and
leaders of POCUS applications and education.

The I-AIM (Indication, Acquisition, Interpretation,
Medical decision) framework described by Bahner et al.
delineates POCUS to be a goal directed application com-
pared to a comprehensive ultrasound exam [14]. We will
use clinical scenarios as examples of indications and
review the evidence for interpretation and decision-making
in our discussion on perioperative POCUS.

Perioperative POCUS for Regional
Anesthesiologists

The utility of ultrasound for peripheral nerve blocks and
vascular access has been well established in the practice of
regional anesthesiologists. Advantages of POCUS use in
preoperative clinics and its influence on decisions regarding
further testing, optimization, choice of anesthetic technique,
and monitoring were reviewed by Meier et al. and found to
be complementary to existing diagnostic tools and authors
suggested that it can provide additional information quickly
and reproducibly [15]. A multicenter study demonstrated
that utilization of cardiac and pulmonary POCUS in a post
anesthesia care unit (PACU) decreases the number of dif-
ferential diagnoses and the duration of stay in the unit [16e].

Soon, there will be an expectation for all anesthesiologists
to possess some basic POCUS skills and the ASA’s diagnos-
tic POCUS certificate program is geared towards encouraging
this competency [7]. Our discussion will focus on periopera-
tive uses of POCUS (Table 1) from a regional anesthesiolo-
gist’s perspective. In this article, we will discuss POCUS for
evaluation of airway, gastric contents, the benefits and utility
of cardiac, vascular, pulmonary, abdominal, and optic nerve
POCUS for a regional anesthesiologist.

Airway POCUS

Airway examination is an integral part of any pre-op assess-
ment. Airway POCUS has been described to identify the upper

Table 1 Common perioperative POCUS applications

POCUS during preoperative phase

Gastric—assessment of gastric contents
Airway—assessment & evaluation, Landmarks identification
Cardiac—assessment of valvular lesions & global function
DVT—assessment for venous thrombosis

POCUS during intra and postoperative phases

Cardiac—evaluation of unexplained hemodynamic instability
Lung—evaluation of dyspnea or hypoxemia
Abdomen—evaluation for intra-abdominal free fluid/blood
Bladder—assessment of bladder volume
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airway structures both in the operating room and the emer-
gency room areas [17, 18].

Indications for airway POCUS include identification of
upper airway structures that can be helpful in nerve blocks of
the airway, cricothyrotomy or confirmation of endotracheal
intubation—especially outside of the operating room or during
cardiac compressions.

Technique: most upper airway structures can be scanned
using high-frequency, linear transducer probe, while the
tongue and deeper suprahyoid structures may need a curvilin-
ear probe. The ideal position to scan the airway is to have the
patient lying supine, with the head extended, and neck flexed
(sniffing position), as is required for intubating a patient.

Airway POCUS for identification of structures can be per-
formed with both transverse and longitudinal scans [19]. A linear
probe placed transversely (Fig. 1) can image the hyperechoic
inverted V-shaped thyroid cartilage. The cricothyroid membrane
(CTM) with the air-mucosal interface located posteriorly is iden-
tified by moving the probe in the caudal direction. The transducer
is slid more caudally to image an arch shaped, hypoechoic cricoid
cartilage. The transducer is moved cephalad back to the CTM to
complete the imaging sequence known as the TACA (thyroid
cartilage—airline— cricoid cartilage—airline) technique.

The CTM can also be identified with the transducer placed
longitudinally (Fig. 2) above the suprasternal notch in the sag-
ittal plane. The hypoechoic tracheal rings resemble a ““string-
of-pearls.” The cricoid lies cephalad as a larger and more
superficial hypoechoic structure. Further cephalad movement
of the probe identifies the thyroid cartilage separated from the
cricoid cartilage by the CTM.

A high-frequency linear probe in the paramedian sagittal
plane (Fig. 3) enables identification of the hyoid bone, thyroid
cartilage, and thyrohyoid membrane connecting the two. It is
this view that is utilized when anesthetizing the airway. Bilateral
injection of local anesthetic through the thyrohyoid membrane
reliably blocks the internal branch of the superior laryngeal
nerve. Transtracheal injection of local anesthetic for lower airway
blockade can also be performed through the cricothyroid mem-
brane identified with ultrasound imaging as described above.

Clinical scenario: A colleague requests help with airway nerve
blocks for a planned awake fiberoptic intubation. Patient is a
morbidly obese man with a short, large neck with a known difficult
airway

On examination, it was difficult to identify the landmarks on the
anterior neck due to the body habitus. AUS helped in identify-
ing and marking hyoid bone, thyroid cartilage, cricoid cartilage,
tracheal rings, thyrohyoid membrane, and cricothyroid mem-
brane on the surface of the neck. The superior laryngeal nerve
and translaryngeal block were performed with AUS guidance.
Subsequently, an awake fiberoptic intubation was performed suc-
cessfully

Airway POCUS has been reported helpful in predic-
tion of difficult airway, confirmation of endotracheal
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Fig. 1 Airway ultrasound—midline transverse view
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Fig.2 Airway ultrasound—midline longitudinal view

intubation, prediction of double lumen tube (DLT) size
for thoracic surgery, and cricothyrotomy [19, 20e, 21-25].
Ultrasound guidance significantly improves the success
and safety of cricothyrotomy, especially in obese individu-
als and difficult airways. Regional blocks of upper airway
with the guidance of airway ultrasound have been shown
to facilitate awake fiberoptic intubation [26, 27]. Several
airway ultrasound measurements and their ratios (distance
to epiglottis, hyoid, hyomental distance ratio, and ratio of
preepiglottic to epiglottic-vocal cord distance) have been
described in predicting a difficult laryngoscopy. Recent
reviews and meta-analyses of these studies suggest the
current evidence is inconclusive [28, 29¢]. While airway
ultrasound may not be the first-line choice for securing the
airway, it is an invaluable tool for patients with difficult
anatomy.

Cricothyroid
membrane

Air-mucosal

Posterior
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cartilage ring
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Gastric POCUS

Aspiration of gastric contents is a dreaded complication and
the leading cause of death from airway related anesthesia
events [30, 31]. Patients who experience aspiration are at
high risk for hypoxia, pneumonitis, acute respiratory distress
syndrome, all of which can lead to shock and multisystem
organ failure [32, 33].

A full stomach can be easily identified in patients who
are clearly not nil per os (npo) on interview, such as emer-
gency cases. In patients with severe reflux disease, gastric
dysmotility, autonomic dysfunction, hiatal hernia, and/
or a history of bariatric surgery that require more critical
thinking by the anesthesiologist, gastric ultrasound can be
helpful. Albeit some of these pathologies can make gastric
ultrasound technically difficult. A study done in the urgent
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Fig.3 Airway ultrasound—paramedian view

surgical population clearly showed that anesthesiologists’
clinical judgment is unreliable compared to gastric ultra-
sound in evaluation of full stomach status [34].
Technique: gastric POCUS is performed in the supine
and right lateral decubitus (RLD) positions to image and
measure the cross-sectional area of the gastric antrum.
In the right lateral decubitus position, gastric contents
move toward the antrum and any air present will move
towards the fundus, aiding in image optimization. Prefer-
ably, a low-frequency curvilinear probe is placed in the
sagittal plane between the umbilicus and xiphoid process
with the indicator pointing cranially. The liver should be in
view anteriorly with the aorta, superior mesenteric artery,
and pancreas lying posterior to the antrum (Fig. 4). An
empty stomach will appear flat or as a “bull’s eye sign.”
As the stomach becomes distended with food or liquid, it is

Fig.4 Gastric ultrasound
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possible to measure the cross-sectional area of the antrum
and approximate its volume. Volume (ml) =27 + (14.6 X
CSA —(1.28 x Age) [35].

Clinical scenario: A 54-year-old woman with a past medical
history of type 2 diabetes mellitus, hypertension, and hyperlipi-
demia presented for a left total knee arthroplasty. The anesthetic
plan included a peripheral nerve block, spinal anesthesia, and
sedation. On interview, the patient reported that for the last two
months she has been taking medication (semaglutide) for weight
loss

A gastric ultrasound was performed to assess the gastric contents
which showed a significant volume of solid contents. After discus-
sion with the patient, a decision was made to intubate the patient
to keep the airway protected during the surgery

Recently, there has been an increased concern and
wide discussion regarding management of patients taking

L3 Cleveland Clinic ©2021
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glucagon-like-peptide-1 (GLP-1) agonists. Patients com-
monly take GLP-1 agonists for diabetes management and/
or weight loss. One of the chief mechanisms of action
for these medications is to delay gastric emptying which
in theory increases the risk of aspiration among surgical
patients, which has to this point only been described in
case reports [36, 37]. Recently, the ASA released consen-
sus-based guidance on the perioperative management of
these medications [38]. They recommend holding daily
medications for at least one day, and weekly dosing medi-
cations for at least one week, irrespective of medication
indication. On the day of the procedure, they recommend
proceeding based on symptoms and clinical history and
using gastric ultrasound to guide the clinical management.
A recent editorial suggested holding long acting GLP-1
agonists for about three half-lives before an elective pro-
cedure [39e]. There were no evidence-based recommenda-
tions or guidelines at the time of writing this review due
to limited data. A gastric POCUS on the morning of sur-
gery for these patients would enable the anesthesiologist
to make an informed decision regarding safe management
of the airway.

Gastric POCUS provides both qualitative and quanti-
tative assessments of the gastric content [40, 41]. Kruis-
selbrink et al. showed that gastric ultrasound assessment
can be dependable with a sensitivity of 1.0 and specificity
of 0.975 [42]. Objective evidence of absence/presence,
quality, and quantity of gastric contents enables regional
anesthesiologists to formulate a safe anesthetic plan.
Choices may vary from definitively securing the airway
with an endotracheal tube, keeping the patient awake, or
sedating a patient with an unsecured airway. The gastric
POCUS has been proven to be a useful tool to provide
diagnostic information in real time to help guide these
decisions. In a prospective case series of thirty-eight elec-
tive surgical patients, gastric ultrasound was reported to
have influenced a change in anesthetic management in 71%
of the cases who did not follow fasting instructions [43].

POCUS for Deep Vein Thrombosis

Regional anesthesiologists are familiar with identifying vas-
cular structures on ultrasound as landmarks for peripheral
nerve blocks and for vascular access. This enables them to
be at an advantage for learning and performing deep vein
thrombosis (DVT) ultrasound.

Trauma, immobilization, and surgery are well recog-
nized risk factors for DVT. DVT is an acute condition that
requires timely diagnosis and treatment to avoid life-threat-
ening complications like pulmonary embolism. Radiology
services to diagnose DVT by doing contrast venography or
duplex ultrasound might not be available at all centers and
learning POCUS for DVT is a valuable tool for practicing

regional anesthesiologists. It is gaining widespread use and
has proved to be both time-saving and cost-effective [44, 45,
46e¢]. Quicker diagnosis in turn can expedite treatment and
alter surgical strategies that could be lifesaving.

Clinical scenario: A 37-year-old healthy male reported to a sur-
gicenter for repair of left ankle fracture sustained three days back.
The nurse admitting the patient reported an unusually high heart
rate (around 110/mt) and other vitals essentially within normal
limits. Patient denied any shortness of breath or other unusual
symptoms. He also alluded to limited activity and mobility due to
the fracture. No significant swelling or tenderness of either lower
extremity was noted other than around the fractured ankle

An ultrasound examination of lower extremities revealed a small
echogenic shadow and non-compressibility of the left greater
saphenous vein. The patient was subsequently sent to a hospital
for further management that included anticoagulation and sur-
gery was postponed to a later date

Technique: Patient is positioned supine and preferably
in slight reverse Trendelenburg position. The lower extrem-
ity is placed in a frog leg position. A high-frequency linear
probe is used to obtain a cross-sectional view of the veins
(Fig. 5). The goal is to visualize a segment of the venous
lumen and compress to occlude the lumen (Figs. 6, 7, 8,
and 9). There are two different techniques (2-point and
3-point) described and both include the proximal femoral
and popliteal vein scanning. Scan of the proximal femoral
segment should include a few centimeters above and below
the junction of the great saphenous vein with the femo-
ral vein. The popliteal segment should be scanned until it
trifurcates into anterior tibial, posterior tibial, and pero-
neal veins. The addition to the 3-point scan is mid-femoral
segment that includes bifurcation of common femoral to
superficial and deep femoral veins.

Probe Position 1

Common Femoral Vein
Probe Position 2

Great Saphenous Vein Probe Positiona

Popliteal Vein

Fig.5 POCUS for DVT—probe positions
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Fig.6 POCUS for DVT poistionl—patent vein

Fig.7 POCUS for DVT position 1— collapsible vein

Multiple studies have shown that POCUS has high
sensitivity and specificity for diagnosis of DVT [47, 48].
POCUS for DVT involves identification of echogenic
thrombus in the lumen of the deep vein or the inability

Fig.8 POCUS for DVT position 2—patent vein
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to compress the vein completely. A meta-analysis showed
both 2-point and 3-point techniques are reliable and had
no significant differences in sensitivity or specificity
[49].

Focused Cardiac Ultrasound (FOCUS)/ Focus
Assessed Transthoracic Echocardiography (FATE)

FOCUS differs from a complete transthoracic echocar-
diogram in that it provides quick diagnosis with limited
views and without quantitative measurements [50]. It is
one of the most utilized POCUS modalities but one that
requires more training and practice [S1ee]. Initially used
in critical care units, its use has expanded to emergency
rooms, wards, and perioperative settings. Guidelines and
recommendations for use of cardiac ultrasound in criti-
cally ill patients can be applied during perioperative man-
agement as well [52].

In the preoperative phase, FOCUS can complement
physical exam and assessment tools in diagnosis of
cardiac diseases. In addition to a rapid assessment of
global function, it is helpful in diagnosis of specific
structural or functional cardiac pathologies previously
undiagnosed [53, 54]. POCUS enabled medical students
or residents to diagnose cardiac conditions better than
experienced physicians without ultrasound [55, 56].
Incorporating POCUS in preoperative evaluation in the
clinic or holding area is expected to become more com-
mon. In the practice of regional anesthesia, this would
help in changing or modifying anesthetic plan, tech-
nique, and/or monitoring.

Technique: FOCUS requires a low-frequency car-
diac phased array probe. The four basic views of
FOCUS are parasternal long axis (PLAX) (Fig. 10),
parasternal short axis (PSAX) (Fig. 11), apical four
chamber (A4C) (Fig. 12), and subcostal four chamber

—

Cgllapseq;yein

Fig.9 POCUS for DVT position 2—collapsible vein



Current Anesthesiology Reports (2024) 14:231-248 237

SUPINE

r
b

Cleveland
Clinic
C'?Z‘Ilienliacnd ©2023
©2023

Fig. 12 FOCUS—apical 4-chamber view (A4C)
Fig. 10 FOCUS—parasternal long axis view (PLAX)
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Fig. 11 FOCUS—parasternal short axis view (PSAX)
Fig. 13 FOCUS—subcostal 4-chamber view (SC4C)

(SC4C) (Fig. 13). Although basic views of FOCUS

can be obtained in supine position, turning the patient  (abdominal or thoracic) and inability to change the
left lateral and abducting the left arm can help in opti-  patient's position to optimize the image.

mizing the images [57]. FOCUS during the intraop-

erative period could be limited by the surgical field
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Clinical scenario: A 83-year-old lady was brought in for urgent
surgery after a hip fracture. Her medical history included hyper-
tension, hyperlipidemia, and glaucoma but a murmur was heard
on physical examination in the holding area

A focused cardiac ultrasound showed a calcified aortic valve with
stenosis and hypertrophic left ventricle. The anesthesia team
now aware of the patient’s cardiac status managed with general
anesthesia for the surgery

A myriad of cardiac conditions can be detected with
FOCUS (Table 2), and it provides the ability to narrow the
causes of refractory hypotension or hemodynamic instability
during the perioperative period [58e, 59ee]. FOCUS can be
helpful in prompt diagnosis and management of hemody-
namic instability resulting from adverse effects or complica-
tions of regional anesthesia such as local anesthetic systemic
toxicity (LAST) [60]. It is particularly useful when there are
dynamic or rapid changes in fluid status or cardiac function
during the perioperative period.

Though the basic views can help with a rough estimate of
volume status, subcostal long axis view (SCIVC) of inferior
vena cava (IVC) (Fig. 14), measuring diameter and respira-
tory variation has been studied for assessing fluid status and
responsiveness. The IVC diameter less than 2 cm and res-
piratory collapsibility more than 50% has been shown to
be fluid responsive [59ee]. The IVC diameter and collaps-
ibility estimated with POCUS could predict hypotension on
induction [61-63]. Other groups have shown this not to be
very reliable [64, 65] and a meta-analysis concluded that

Table2 FOCUS—views, technique, structures, and assessment

the usefulness and reliability of these measures remains to
be established [66]. These IVC indices probably are more
valuable when combined with assessment from other cardiac
views and correlating with the patient’s clinical history and
present status.

The subcostal long axis view combined with subcos-
tal four chamber and lung views have been used to provide
information to describe seven different phenotypes in septic
shock [67]. The authors have described a rapid assessment
and classification that would identify different causes of shock
(hypovolemic, distributive, and left or right or biventricular
dysfunctions). They also describe how this assessment guides
decisions on therapeutic interventions. This supports our belief
that one should utilize multiple views for diagnosis and man-
agement rather than relying on one view or window.

Cardiac arrest is another critical and emergent event where
FOCUS is helpful. FOCUS aids in diagnosis of the reversible
causes of cardiac arrest, assessment of the quality of resuscita-
tive efforts, monitoring responsiveness to the treatments, and
prognosis of the patient [68]. Bughrara et al. showed that by
incorporating subcostal only view in the advanced life sup-
port protocol (EASy-ALS), residents could consistently obtain
valuable images during this critical period [69].

A prospective study showed that using POCUS for acute
hypotension and hypoxia in a post anesthesia care unit (PACU)
helps to narrow diagnosis and decreases PACU length of stay
[16e]. It is not uncommon for a regional anesthesiologist to
encounter hypotension and hypoxia in a patient recovering

FoCUS view Indication

Patient position

Probe placement

Assessment

Pathology

PLAX Cardiac function, Supine Left parasternal
valves, effusion between 2nd and 4th
ICS. OM to the right
shoulder
PSAX Cardiac function, effu-  Supine From PLAX position
sion 90 degrees clock-
wise rotation for OM
toward left shoulder
A4C Cardiac function, Supine with left lateral At PMI, usually 5th ICS
valves, effusion tilt with OM to the left
axilla
SC4C Cardiac function, Supine with knees Subxiphoid area, OM to
valves, effusion flexed the left shoulder
SCIVC Volume status Supine with knees As SC4C but with OM
flexed cephalad

Chambers (LA,LV,RV)
Valves (AV,MV), aorta

Chambers (LV,RV),
pericardium

Chambers
(LA,LV,RA,RV),
valves (MV,TV),
pericardium

Chambers (LA, LV,
RA, RV), valves (MV,
TV), pericardium

IvC

Ischemia, valvular
stenosis, CHF, HOCM,
effusion/tamponade

Ischemia (RWMA), tam-
ponade, hypovolemia,
PE

Effusion/tamponade,
PHTN, PE, MI, cardio-
myopathy, heart failure,
vegetations

Effusion/tamponade, PE,
hypovolemia, CVC
placement, EASy-ALS

Fluid overload, hypov-
olemia

Abbreviations: PLAX - Parasternal Long Axis view, PSAX - Parasternal Short Axis view, A4C - Aortic 4 Chamber view, SC4C - Subcostal 4
Chamber view, SC IVC - Subcostal Inferior Vena Cava view. LA - Left Atrium, LV - Left Ventricle, RA - Right Atrium, RV - Right Ventricle,
MV - Mitral Valve, TV - Tricuspid Valve, AV - Aortic Valve, IVC - Inferior Vena Cava, PMI - Point of maximal impulse, ICS - Intercostal
Space. OM - Orientation marker. CHF - Congestive Heart Failure, HOCM - Hypertrophic Obstructive Cardiomyopathy, RWMA - Regional Wall
Motion Abnormality, CVC - Central Venous Cannula, PHTN - Pulmonary Hypertension, PE - Pulmonary Embolism, MI - Myocardial Infarc-

tion.
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Fig. 14 FOCUS—subcostal IVC view (SCIVC)

after a spinal anesthetic or brachial plexus block. POCUS
could decrease time and resources needed to diagnose and
manage these common situations in the postoperative period.

Focused Assessment with Sonography
in Trauma (FAST)

The FAST exam is routinely utilized by the emergency medi-
cine and surgical teams in quick screening of trauma patients
to detect free fluid in the abdomen. In a detailed review, the
basics of the FAST exam and its utility for regional anesthesiolo-
gists were described by Manson et al. [70]. A basic FAST exam
includes views of the abdomen in the right upper quadrant, left
upper quadrant, and pelvic cavity. An extended FAST (e-FAST)
to evaluate pneumothorax, hemothorax, and pericardial effusion
has also been described [71]. Various views for e-FAST, cor-
responding probe positions and common indications, are listed
in Table 3. FAST can avoid delays in diagnosing free fluid in the
abdominal or thoracic cavity, and in making timely decisions for
patients who need surgical interventions.

Clinical scenario: A 43-year-old patient who was involved in a
motor vehicle accident is brought to the operating room for repair
of right tibial and fibular fractures. He had a negative FAST exam
in the emergency room and was fluid resuscitated. On examina-
tion in the holding area of the operating room, the patient was
hypotensive which did not respond to moderate fluid boluses and
routine pressors

A repeat FAST exam revealed presence of subdiaphragmatic free
fluid in the left upper quadrant of the abdominal cavity. A lapa-
rotomy revealed a rupture in the spleen which was subsequently
managed before proceeding with repair of right lower extremity
fractures

Cleveland

Ultrasound
transducer

IETIET ]

Right atrium

Thoracic spine

It is not uncommon for trauma patients to undergo
changes in hemodynamic stability after an unremark-
able initial assessment, so a careful eye should be kept
for patients under observation/become unstable suddenly
despite adequate resuscitation. FAST exam in the perio-
perative period can help with identifying causes for such
changes and subsequently their management as well. Case
reports have demonstrated that even in elective surgeries,
the FAST exam enables quick diagnosis and management of
life-threatening perioperative complications like extravasa-
tion of fluids [72, 73]. Post operative hypotension should be
evaluated with FAST examination to rule out intrabdominal
blood collection. Repeated examinations and assessments
with FAST examinations after any treatments or interven-
tions are beneficial.

Technique: The FAST exam has four components: sub-
costal cardiac, right upper quadrant (RUQ), left upper quad-
rant (LUQ), and pelvic views. Traditionally, the patient is
placed in a supine position, and the views can be obtained
in any order with most providers sticking to a pattern that is
expeditious and complete. Either the curvilinear or phased
array probes can be used.

To obtain the cardiac view the probe is placed in the sub-
xiphoid or subcostal space just to the right of the xiphoid
process and directed towards the patient’s left shoulder,
indicator pointing left to visualize the pericardium and a
four-chamber view of the heart (Fig. 15). The depth on the
screen is usually 20-25 cm but can be changed as per the
body habitus. Anterior to the heart will typically be a small
section of the liver which abuts the right ventricle, with the
left ventricle being the deepest structure visualized. From
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Table 3 FAST views and indications

Right upper quad- Evaluation of trauma Supine/Trendelen-  Curvilinear Morison’s pouch, cau-  Free fluid in abdomen
rant (RUQ) patients and burg (if possible), transducer, OM dal tip of liver, and
perioperative arms abducted/ cephalad sub-diaphragmatic
hypotension raised above the space
head
Left upper quadrant ~ Evaluation of trauma Supine/Trendelen-  Curvilinear Spleno-renal recess Free fluid in abdomen
(LUQ) patients and burg (if possible), transducer, OM (between the spleen
perioperative arms abducted/ cephalad and kidney), space
hypotension raised above the between spleen and
head diaphragm
Pelvic (transverse) ~ Evaluation of trauma Supine/reverse Curvilinear Rectovesicular space in Free fluid in the pelvis. Full
& longitudinal) patients and Trendelenburg (if transducer, OM males and vesicouter-  bladder may aid diagnosis
perioperative possible), arms cephalad for longi- ine pouch/pouch of
hypotension abducted/raised tudinal view. OM Douglas in females
above the head to right shoulder for
transverse view
Subcostal Evaluation of trauma Supine, legs bent to At subxiphoid area,  Pericardial space, Effusion/tamponade,

relax abdomen (as
possible)

patients

Pericardial effusion
and cardiac
function

OM to left shoulder

Cardiac function EASy-ALS

this view, the operator can assess pericardial fluid, global
cardiac function, and many cardiac pathologies.

The RUQ view is captured by placing the ultrasound
probe in the right mid axillary line at the level of the
9-10th rib or subcostally, with the indicator pointing
towards the patient’s head. Ideally this orientation will
show the liver and right kidney (Fig. 16). The operator
may have to slide the probe caudad, cephalad, or poste-
rior to visualize both structures. The hepatorenal space
(Morrison’s pouch) is then centered to identify any fluid
collection. Sweep the probe cranially to image the free
edge of the liver. Slight rotation of the probe can help in
elimination of rib shadows. Additionally, part of the right
hemithorax can be visualized to identify pathology. The
probe can be moved cephalad along the ribs to extend the
FAST exam (e-FAST) and assess the lungs and pleura.
Identification of the diaphragm is the key landmark to
differentiate abdominal and thoracic pathologies.

For the LUQ view, the transducer is oriented in the
sagittal plane along the left posterior axillary line
at about the level of the 8th rib (Fig. 17). Ideally,
this will reveal the spleen and left kidney, but often-
times a full stomach can obscure the view. The probe
may need to be slid posterior, caudad, and cephalad
to identify the spleen which is smaller than the liver
and less easily visualized. Once both the kidney and
spleen are identified, the probe is fanned to identify
any fluid collection in the splenorenal recess and the
subdiaphragmatic space.

In order to obtain a view of the pelvis, the transducer is
placed in the midline, just superior to the pubic symphysis,
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in the axial plane (Fig. 18). The presence of urine in the
bladder will improve image quality. Sweeping the probe
caudad and cephalad will allow examination of the bladder
and rectovesical pouch.

FAST has been shown to have high specificity but varied
or limited sensitivity [74, 75]. The limitation of the FAST
is that a negative test cannot exclude intra-abdominal free
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Fig. 15 FAST—subcostal view
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fluid, but serial exams can improve the sensitivity, thus also
changing the eventual management of the patient.

Bladder Ultrasound

POCUS assessment of the urinary bladder is an essential
skill for anesthesiologists. Transabdominal scanning of the
bladder is often used as a surrogate to guide pelvic FAST
examinations. Bladder ultrasound can be used to assess
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bladder volume, obstruction, bladder pathologies like cal-
culi, masses, and foley catheter placement.

Bladder volume assessment with POCUS is a quick and
easy process at the bedside. The width and depth are meas-
ured in transverse view while the height is measured in sagit-
tal view (Fig. 18). A simple formula to estimate bladder vol-
ume = width (cm) X depth (cm) X height (cm) X coefficient.
The coefficient value depends on the shape of the bladder
but is commonly taken as 0.6-0.7.
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Clinical scenario: A PACU nurse calls your attention to a 68-year-
old woman who recently arrived after her total knee arthroplasty
surgery. She was concerned that the patient remained hyperten-
sive, tachycardic (BP: 168/102 mm Hg, HR: 114/mt, EKG: sinus
tachycardia) and uncomfortable despite not having recovered
from the spinal anesthetic, with block height at T11 to ice. Her
surgery was uneventful, and the patient received 1.5 1 of 1V fluids
intraoperatively

Bedside ultrasound of the urinary bladder showed a volume of
about 700 ml. The bladder was drained with a single pass urinary
catheter which provided immediate relief and resolution of cardio-
vascular symptoms

Post-op bladder distension is a common cause for pain
and high blood pressure among certain surgical patients
in the post anesthesia care unit (PACU). Postoperative
urinary retention (POUR) can be easily diagnosed by
estimating the bladder volume and appropriate steps can be
taken for the management [76, 77]. One of the important
discharge criteria for ambulatory patients is their ability to
void urine and not having high post void residual bladder
volume especially after neuraxial blocks. Systematic and
effective use of bladder scan can help determine if urinary
catheterization is necessary, confirm proper placement of
catheter, prevent unnecessary bladder interventions, and
reduce urinary tract infection [78, 79e].

Lung Ultrasound (LUS)

Bedside lung ultrasound has been an established practice in
critical care medicine and emergency departments. More
recently, several articles have highlighted its uses and
advantages in the perioperative period [6, 57, 80e, 81]. The
enhanced role and utility of LUS in assessment, monitoring,
and prognosis of critically ill patients during the pandemic
cannot be overstated [82, 83].
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Regional anesthesiologists can utilize LUS for assessment
of pleura, alveolar interstitium, and diaphragm. LUS evalua-
tion can help in narrowing diagnosis including pneumotho-
rax (PTX), pulmonary edema, pleural effusion, or decreased
diaphragmatic function [84]. There are several recommenda-
tions and protocols for comprehensive exam and interpreta-
tion of LUS [85-87] but perioperative application would
require some modifications.

Technique: A high-frequency linear probe can be used
for superficial structures like pleura. A curvilinear, low-
frequency probe enables a complete LUS exam including
the parenchyma, costo-phrenic angles, and diaphragm. Ideal
patient position and area of scan varies depending on the
clinical question and can be limited by clinical conditions
(respiratory distress or surgical position). Most perioperative
LUS are performed in supine position.

Pleura is identified as a bright hyperechoic line in between
and deeper to rib shadows (Fig. 19). A normal pleura is
shimmery and shows characteristic sliding. The presence of
sliding in M-mode is described as a “seashore sign” and the
absence of sliding as a “barcode sign.” Absence of sliding
and “barcode sign” is suggestive of PTX and identification
of “lung point” can be definitive for PTX.

Parenchymal or interstitial LUS (Fig. 20) primarily
involves identification of B-lines. They are reverberation
artifacts that look like comet tails from pleura all the way
down to the lower end of the screen (Fig. 21). Presence of
B-lines can be normal and confirms absence of PTX. The
presence of more than 3 B-lines on the screen is suggestive
of interstitial edema. Pleural effusion or hemothorax can
be identified as an anechoic (dark) area in the costophrenic
angles or dependent part of the thoracic cavity. Fluid in
the pleural space can also enable the spine to be visualized
above the diaphragm, described as ‘spine sign’ [§8ee].
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Fig. 19 Lung ultrasound for pleura

Clinical Sscenario: A 68-year-old male with history of hyperten-
sion, dyslipidemia, coronary artery disease, and mild emphysema
underwent a reverse shoulder arthroplasty under general anes-
thesia. Preoperative Interscalene block was performed for post-op
analgesia. Postoperatively in the PACU, the patient complained of
shortness of breath and oxygen saturation was 88%. Differential
diagnoses included hemi-diaphragmatic palsy and pneumothorax

A bedside ultrasound exam ruled out pneumothorax and confirmed
decreased contraction of diaphragm on the side of the intersca-
lene block. The patient was reassured, given nasal oxygen, and
monitored until symptoms improved

Ultrasound for assessment of diaphragmatic function is
very helpful for regional anesthesiologists, as brachial plexus
blocks at the level of trunks and cords give rise to a high
incidence of phrenic nerve palsy. Diaphragm can be visual-
ized through the hepatic and splenic shadows [89] or along

Fig. 20 Interstitial lung ultrasound (absence of B-lines)

Fig.21 Lung ultrasound demonstrating B-lines

the anterior axillary line described as “ABCDE method,”
which looks at the zone of apposition [90]. M-mode can
be used to measure the excursion or contraction of the
diaphragm.

It is inherently evident that LUS is time saving, non-inva-
sive, and cost effective when compared to chest X-ray (CXR)
or computed tomography (CT). In addition, LUS was shown
to be an equal or better alternative to CXR or CT in diagnos-
ing pleural effusion, consolidation and interstitial syndrome
[91]. A systematic review and meta-analysis concluded that
LUS has better accuracy and sensitivity than CXR in diag-
nosing PTX [92, 93]. Similarly, LUS had better diagnostic
accuracy than CXR for pulmonary edema in heart failure
patients [94] and pneumonia [95].

The expanded role of LUS in thoracic anesthesia includes
predicting the size of double lumen tube (DLT) and confir-
mation of one lung ventilation and can help in reducing the
complications of DLT [96].

Ocular Ultrasound

Ultrasound examination of the eye is a non-invasive proce-
dure, avoids the risk of ionizing radiation (scans to assess for
eye trauma/intracranial pressure (ICP)), infection or hemor-
rhage and has a very steep learning curve. The eye is an ideal
organ for ultrasound examination with fluid-filled structures
that are clearly demarcated and can be a valuable addition
to a regional anesthesiologist’s armamentarium for POCUS.

Ocular ultrasound can be used to diagnose/exclude for-
eign bodies, lens dislocation, retinal detachment, vitreous
hemorrhage, raised intracranial pressure (ICP), and other
injuries that may cause loss of vision. Optic nerve sheath
diameter (ONSD) is increasingly being used in critical
care and emergency departments to assess for raised ICP.
POCUS for ONSD and the technique will be discussed
here.
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Optic nerve has four parts—intraocular (optic nerve
head), intraorbital, intraosseous, and intracranial. Embryo-
logically, it is an outpouching of the forebrain and is covered
by all three meningeal layers. Approximately 3.0 mm poste-
rior to the globe, there is a bulbous portion of the optic nerve
which seems to be most sensitive to changes in ICP. The
upper limit of optic nerve sheath diameter (ONSD) corre-
sponding to a normal Intracranial pressure has been subject
of various studies and systematic reviews and is approxi-
mately 5.0 mm in adults.

Clinical scenario: A 82-year-old lady who lived alone was brought
to the emergency department at a small general hospital after an
unwitnessed fall. On examination, she was a bit dazed and had a
Glasgow coma scale of 14/15. She had superficial wounds on the
left side of the face, some abrasions/bruises over the left arm and
left neck of femur fracture. A senior orthopedic resident examined
her, and she was scheduled for surgery under spinal anesthesia
the following day after routine investigations. She was seen by
the perioperative hip fracture team anesthesiologist who did optic
ultrasound as part of the assessment (was not convinced with the
vague history given by the patient). Optic nerve sheath diameter
(ONSD) measurements were 4.0 mm on right and 6.5 mm on left.
She had an urgent MRI scan, which showed chronic subdural
hematoma. Neurosurgery opined for conservative management

She underwent surgery the following day under general anesthesia
and peripheral nerve blocks rather than a spinal anesthesia. The
surgery was uneventful, and she was discharged to rehabilitation
home on day 5

Technique: Linear high-frequency probe with a
smaller footprint is preferable. Ultrasound should be
set to ‘small parts’ to keep the acoustic output as low
as possible to reduce injury to lens and retina. A bar-
rier dressing on the patient’s closed eye upon which a
copious amount of gel is applied. The probe is placed
transversely on the eye (a sagittal view is also used) with
care taken to not press too hard on the ocular structures.
Operator’s hand can rest on the cheek/nasal bridge/fore-
head as appropriate. Small movements in all four planes
(caudad/cephalad and temporal/nasal) are utilized to vis-
ualize the areas of interest in the same plane—anterior
chamber (AC), lens, posterior chamber (PC), and the
optic nerve sheath.

Once the image is captured, measurements are done with
electronic calipers (Figs. 22 and 23). If there are discrepan-
cies in the size seen while scanning, averaging out ONSD
measurements is suggested. An overall clinical context is
needed, and serial scans can be done for assessments over
time. Color Doppler can visualize the retinal artery and may
help as a reference point.

Various systematic reviews and meta-analyses have
shown that ONSD of more than5.0 mm in adults have a
concurrent ICP value above 20 mm Hg. The sensitivity
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of this value is about 0.9 and specificity of approximately
0.86 across the data from mixed pathologies in patients. In
essence, an ONSD of less than 5.0 mm with high sensitiv-
ity and low negative likelihood ratio may rule out increased
ICP. However, with ONSD more than 5.0 mm with high
specificity and positive likelihood ratio may indicate raised
intracranial pressure and require other confirmatory diag-
nostic tests [97].

A systematic review by Propst et al. showed sensitiv-
ity and specificity of over 0.9 for a variety of conditions
with ocular ultrasound including retinal detachment, vitre-
ous hemorrhage, lens dislocation, intraocular foreign body,
and globe rupture [98e]. The utility and feasibility of using
ONSD and ophthalmic artery Doppler in pregnant patients
to detect preeclampsia has been explored recently and is
promising [99].
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Conclusion

Along with the advances in ultrasound technology, newer
applications of POCUS continue to evolve as well [79¢]. The
value of POCUS in the practice of anesthesiology has been
widely recognized [80e, 88ee, 100ee]. The regional anesthe-
siologist is uniquely positioned to be leaders in the use of
POCUS in the perioperative period. The technical skillset to
perform regional anesthesia and familiarity with the ultra-
sound easily translates to POCUS skills. We reviewed the
major elements of POCUS and how it can be used in various
clinical situations relevant to the regional anesthesiologists’
daily clinical experiences. Perioperative POCUS, when
utilized in a standardized, goal-directed method improves
patient safety by providing timely diagnosis and interven-
tion of clinical problems in the perioperative period. It is
our strong belief that incorporating POCUS applications in
regional anesthesia practice increases the level of periopera-
tive care and improves patient outcomes.
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