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Focus on PoCUS or hocus pocus? Integrating point-of-care
ultrasound into residency and clinical practice

L. VERNIEUWE (*), P. VAN DE PUTTE (**), J. DEEN (**%), S. BOUCHEZ (****)

Abstract : Point-of care ultrasound (PoCUS) is
a new clinical diagnostic paradigm that plays an
instrumental role in the ongoing anesthesiologist’s
evolving role towards a perioperative physician.
Currently, there are few approved curricula that
incorporate a PoCUS program into anesthesia
residency. This article examines relevant PoCUS
applications for anesthesiologists, presents an
overview of existing international guidelines for
education and training, and reflects on the need for
specialty-wide standards. We present a possible
framework, that could offer a first move towards a
structured PoCUS pathway for Belgian anesthesia
residents and facilitate its incorporation into national
anesthesia practice.
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WHY THE NEED FOR THIS ARTICLE?

The anesthesiologist’s role is evolving
worldwide to the role of a “perioperative” physician,
providing care for patients before, during and
after surgery within perioperative surgical home
structures (1). Ultrasonography plays an increasing
and instrumental role in that evolution. Historically,
the anesthetic community first embraced ultrasound
to guide interventions in regional anesthesia and
vascular access, where it evolved from the practice
of few experts to a “gold standard” used in virtually
all anesthesiology practices. This has expanded
to an approach where the “whole body” can be
examined with ultrasound at the bedside, to answer
a well-defined clinical question. This point-of care
ultrasound (PoCUS) approach is a new clinical
diagnostic paradigm that is considered as the 21*
century extension of the physical exam (2).

Emergency and Intensive Care medicine
societies were the first to embrace and integrate
the use of PoCUS into daily practice and resident
training programs by establishing credentialing,
training guidelines and proficiency evaluation (3).

Despite the many PoCUS applications, the ample
evidence that it improves patient outcomes with
high sensitivity and specificity (4), the large interest
among junior anesthesiologists and the explosive
number of publications and workshops, there are
currently few approved didactic requirements or
guidelines to incorporate an anesthesia-related
PoCUS curriculum. Numerous resident programs
include ultrasound-guided locoregional anesthesia
and transesophageal echocardiography, but only
few rotations offer specific PoCUS training pos-
sibilities. This lack of a clear anesthesia-related
track and vision leads to disparity in training level
among practitioners, makes it difficult to evaluate
individual skills, and poses the risk of (trainee)
anesthesiologists performing ultrasound exams
without having the appropriate know-how to do so,
and self-teaching with variable results. PoCUS is
an essential skill and each anesthesia practitioner
should be able to embrace these new opportunities
and achieve competence to provide optimal patient
care.

The purpose of this article is to examine
relevant PoCUS applications for anesthesiologists,
to present an overview of existing international
guidelines for education and training, to reflect on
the need for specialty-wide standards, and to offer a
first move towards a structured PoCUS pathway for
Belgian anesthesia residents.
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68

‘WORKING DEFINITION OF PoCUS

Certain characteristics are shared by all PoCUS
applications (5):
The examination is done at the bedside
within a limited time frame.
The examination is carried out for a defined
condition where ultrasound has been proven to
promote care or in which it is the primary diagnostic
facility.

The examination is focused (“goal-
oriented” or “limited””) and developed to answer a
well-defined clinical diagnostic question that guides
care and/or to view real-time physiologic response
to specific therapies. This is in contradiction with the
radiologist, who performs a more comprehensive
assessment.

The exam answers questions in a binary
fashion, being yes/no or present/absent. The objec-
tive is not making a final diagnosis, but rather
gathering crucial intel to assess the patient, to refine
the differential diagnosis, and to elect interventions
that change management (6).

The exam should be defined by easily
identifiable findings (“simple questions, straight-
forward examinations and useful answers™).

L. VERNIEUWE et al.

The exam should be easy to learn.

RELEVANT POCUS APPLICATIONS FOR THE ANESTHE-
SIOLOGIST

We believe the main PoCUS applications taught
to residents should include : (1) airway, (2) lung,
(3) hemodynamic status, (4) cardiac, (5) vascular
access, and (6) abdominal. We have excluded US-
guided regional anesthesia, which many users do
not see as PoCUS.” We divide these applications into
basic and advanced skills and make a distinction
between diagnostic and therapeutic applications of
PoCUS (Table 1).

Airway ultrasound

Ultrasound can identify upper airway ana-
tomical landmarks such as the thyroid gland, the
cricoid and tracheal cartilages, the cricothyroid
membrane and the esophagus (8, 9). It has proven
to be useful to preoperatively assess the airway and
predict difficult intubation (10). Ultrasound can also
locate the trachea and the cricothyroid membrane
before an anticipated difficult intubation. A pilot
study suggested an association between the inability

Table 1
PoCUS applications
BASIC ADVANCED
Diagnostic Therapeutic Diagnostic Therapeutic
Airway Correct ETT placement Vocal cord assessment Cricothyroidotomy

Localization thyroid and

. . Tracheostomy
cricothyroid membrane

. . Differentiation of pleural/ .

Breathing Detection pneumothorax Thoracocentesis
pulmonary pathology
Detection pleural effusion, . .
o . Diaphragm assessment Chest drain placement
consolidation, atelectasis
emodynamic Inferior Vena Cava collapsibility End Diastolic Left Ventricular
status volume assessment
Left Ventricular Outflow
Tract assessment
Cardiac Basic TTE (FATE) Advanced TTE Pericardiocentesis
Peri-resuscitation imaging TEE

Vascular access

Peripheral venous access

Central venous access

Arterial access

Abdominal FAST

Gastric ultrasound
(content & volume)

Assessment of aorta dissection

Guidance of paracentesis
and aneurysm

Assessment of fetal heart activity
Abdominal aorta assessment

ETT = endotracheal tube ; TTE = transthoracic echocardiography ; TEE = transesophageal echocardiography ; FATE = Focused Assessed Transthoracic

Echo ; FAST = Focused Assessment with Sonography for Trauma.
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to visualize the hyoid bone sublingually and difficult
direct laryngoscopy (11). The distance between the
hyoid bone and the mandibular mentum (hyomental
distance ratio) can be a predictor of difficult
laryngoscopy in morbidly obese patients (12). In
children and young adults, ultrasound is a reliable
tool for measuring the diameter of the subglottic
airway. The diameter of the left main stem bronchus,
and thus the correct size of a left-sided double
lumen tube, can be predicted with ultrasound (8).
Ultrasound can accurately verify positioning of the
endotracheal tube (sensitivity 98.7%, specificity
97.1%) (13). More advanced skills include asses-
sing the mobility of the vocal cords (e.g. after
surgery at risk for damaging the recurring laryngeal
nerve), and guidance of invasive procedures such as
cricothyroidotomy or tracheostomy (9).

Breathing : lung ultrasound

Lichtenstein and Meziére published a paper
in 2008 describing the ‘Bedside lung ultrasound in
emergency’ (BLUE) protocol (14). This showed a
very good diagnostic accuracy of lung ultrasound
for respiratory failure. PoCUS can also be used
to detect and to estimate the volume of pleural
effusions with high accuracy (93% sensitivity and
96% specificity) (15, 16). Bilateral lung sliding
confirms ventilation of both lungs and thus correct
position of the endotracheal tube (trachea widening
and double bullet sign are additional signs) (17).
This can be helpful in case of acute desaturation
as lung ultrasound will be able to confirm adequate
bilateral ventilation or to confirm correct double
lumen tube placement by checking the absence of
lung sliding in the non-ventilated lung (8, 19).

Lung ultrasound is more accurate than chest
radiography for the detection of a pneumothorax
with a higher sensitivity (78.6% vs 39.8%) and
similar specificity (98.4% vs 99.3%) (20)and is also
superior to chest radiography to detect interstitial
syndromes. A recent review showed that B-lines had
a sensitivity of 94% and specificity of 92% for acute
cardiogenic pulmonary edema (21). Ultrasound
also detects early atelectasis and can be used to
assess the effectiveness of recruitment maneuvers
and to adjust ventilation parameters to prevent
atelectasis (22). Lastly, ultrasound is an important
tool in improving the safety of thoracentesis,
as ultrasound-guided thoracentesis reduces the
incidence of pneumothorax or dry tap, compared to
clinical guidance (23).

Circulation: Hemodynamic status assessment

Fluid status and responsiveness are frequent
concerns in the perioperative setting. Excessive fluid
resuscitation increases intensive care unit length of
stay, morbidity and mortality (24). Distinguishing
responders from non-responders prior to admi-
nistering large volumes of fluid should be one of
the goals of resuscitation. PoCUS can evaluate
the hemodynamic status of hypotensive patients
and determine the etiology of a shock. A practical
echocardiographic view for preload assessment
is the transgastric short axis on transesophageal
echography (TEE) or parasternal short axis view
on transthoracic echocardiography (TTE), which is
feasible in most patients under anesthesia (25-27).
Ultrasound can evaluate inferior vena cava (IVC)
respiratory variations, which can indicate fluid
responsiveness, both in mechanically ventilated
and in spontaneously breathing patients (24, 27-29).
More advanced skills for ultrasound in assessing
hemodynamic status include measuring ventricular
filling pressures and assessing left ventricular
outflow tract.

Circulation : cardiac transthoracic ultrasound

Ultrasound can be used to evaluate ventricular
dimensions and systolic function, rule out pericardial
effusion and assess gross anatomical abnormalities
or signs of chronic heart disease. Many protocols
with varying acronyms have been developed
(FATE, FoCUS, FEEL), but all are examinations
that fulfil the criteria of PoCUS. Kobal et al. found
that the accuracy of cardiovascular diagnoses made
by medical students using ultrasound was superior
to that of cardiologists using standard physical
examination techniques (30). More advanced appli-
cations of TTE include specific measurements
such as cardiac output evaluation, left and right
ventricular diastolic assessment, and left ventricular
ejection fraction. TEE is considered an advanced
application of PoCUS (31).

Guidance of pericardiocentesis is an ultra-
sound-guided application of PoCUS, and the current
technique of choice with the higher success and the
lower complication rate compared to blind methods
(32).

Vascular access
Ultrasound has long been used to aid central

venous access and has evolved into a reliable aid
for difficult peripheral venous and arterial catheter
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placement. It reduces procedure time, needle
insertion attempts, and redirections compared to
traditional approaches (33-36). We decided to in-
clude US-guided vascular access as a PoCUS skill
despite it being omnipresent and therefore excluded
by some practitioners from the PoCUS forum (7).

Abdominal ultrasound

The main application of PoCUS in the
abdominal region is the FAST (Focused Assessment
with Sonography for Trauma) examination that
evaluates the presence of intra-peritoneal free fluid.
In addition, the subcostal view allows for the rapid
detection of a pericardial effusion. PoCUS detects
free intra-peritoneal fluid with high accuracy, and
it can detect up to 100 mL of free fluid in trained
hands (38, 39). The entire scan can be performed
in 3-4 minutes. The ability to easily repeat the
examination is an extra benefit, especially in cases
of high clinical suspicion but with initial negative
examinations (38).

Ultrasound can also be used to assess abdominal
aorta diameter and to rule out aortic dissection or
rupturing aneurysms. A meta-analysis showed a
pooled sensitivity of 97.5% and specificity of 98.9%
when compared to gold standard testing (39).

Another application of abdominal ultrasound
is gastric ultrasound, which can be used to assess
aspiration risk. It can determine the nature of the
content (empty, clear fluid, thick fluid/solid) and
when clear fluid is present, its volume can be
estimated. Possible clinical scenarios where gastric
ultrasound is useful are urgent or emergency surgery,
the presence of severe co-morbidities that may
prolong gastric emptying (diabetes, renal or liver
dysfunction, or neurological disorders), unreliable
or unclear history, and lack of adherence to fasting
instructions (40, 41).

Focused obstetrical ultrasound (OBUS) by
emergency physicians is highly accurate in con-
firming intra-uterine pregnancy. A trained provider
can perform first trimester ultrasound and use it
to assess fetal heart rate as soon as 7-8 weeks of
gestation (42).

In addition to the diagnostic applications
of abdominal ultrasound, it can also guide
paracentesis of intra-abdominal fluid with low risk
of complications (43).

WHAT ARE THE EXISTING GUIDELINES FOR PoCUS
EDUCATION AND TRAINING?

A PubMed search was performed in May 2019
using the mesh words “point of care ultrasound” and

“curriculum”. Exclusion criteria were languages
other than English and articles concerning the
pediatric population. The results showed 115
articles, of which 24 were eliminated based on title.
Of the 91 articles that remained, 48 were specific
for emergency medicine and/or critical care, 30
discussed the implementation of PoCUS education
during medical training, 2 provided a radiologist’s
point of view, and 3 could not be classified into
any of the previous categories. Of the 115 articles,
8 articles were specifically related to anesthesia
(28, 44-50). Some articles provided an overview
of current curricula and discussed the need for
international guidelines, other discussed the best
didactic techniques to teach PoCUS to residents.

The only published national ultrasound
curriculum is the one of the Royal College of
Anaesthetists of Great Britain and Ireland and
the Intensive Care Society (51). They propose a
curriculum of 12 months’ duration divided into
three levels (basic, extended, and advanced) with
competence assessment through checklists. It is
directed toward both anesthesia and intensive care
trainees, and provides detailed checklists for regional
anesthesia, vascular access, lung ultrasound, TTE,
FAST, and IVC assessment.

Other local curricula have been successfully
implemented in North America. The University of
California (at Irvine) has developed the Focused
PeriOperative Risk Evaluation Sonography In-
volving Gastro-Abdominal Hemodynamic and
Transthoracic ultrasound (FORESIGHT) com-
prehensive curriculum (28), which encompasses
24 months of training and supervised practice and
competence assessment through direct observation
by teachers and multiple-choice questionnaires.
In contrast to the British guidelines, they don’t
distinguish between basic and advanced skills but
provide education in one level. The curriculum
includes optic nerve sheath ultrasound, airway
ultrasound, lung ultrasound, TTE, vascular access,
FAST, and gastric ultrasound with specific defined
objectives for each application. Another local
curriculum (52) was developed by Harvard Medical
School and includes a multimodal curriculum of
13 days duration and comprises on-line learning,
simulators, live model scanning, and case-based
discussions. The included PoCUS applications are
vascular access, regional anesthesia, TTE and TEE,
lung ultrasound, FAST, and abdominal ultrasound.
Final assessment is based on a detailed checklist
and competence is assessed through multiple-choice
testing.
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Table 2

I-AIM Framework

What is the diagnostic question we are trying to answer?

Indication o .

For PoCUS, this is mostly a binary answer (yes/no)
Acquisition What are the correct views? What structures do we need to visualize?
Interpretation How do we interpret these findings?

Medical Decision-making

How does the information we have obtained help us guide patient management?

These articles show that there is currently
no general consensus on what constitutes PoCUS
education, although many authors recognize the
benefit of PoCUS and support the development of
international standards (44). The published PoCUS
curricula and guidelines propose similar structures
of basic ultrasound knowledge building, followed
by supervised training and skill development for
acquisition and interpretation of images. A more
systematic and standardized approach to PoCUS
training can be found in the [-AIM (Indication,
Acquisition, Interpretation, Medical decision-
making) framework (53) (Table 2). This presents an
intuitive framework and logical stepwise approach
to PoCUS examinations and was designed to im-
prove the performance of the instrument and avoid
potential harm. The I-AIM framework has already
been developed and clinically applied to FAST (53),
gastric (54) and lung ultrasound (55).

TowaRDS A STRUCTURED POCUS PATHWAY FOR BELGIAN
ANESTHESIA RESIDENTS

The previously described curricula and I-AIM
framework could serve as a guide for integration of
PoCUS training during residency and additionally
be used as a centre pass for the general anesthesia
residency training program in Belgium (Figure 1).

We suggest the following approach :

Step 1 : Pre-course e-learning material, manne-
quin-based basic skills teaching, and simulator-
based training should be mandatory before applying
PoCUS in clinical practice. These methods allow
time-efficient, focused, uninterrupted and safe
learning, without the impact of interference on
clinical practice nor subjecting patients to possible
harm.

Step 2 : The introduction to clinical practice
should ideally occur in a dedicated PoCUS facility
guided by a certified expert. Apprentices can
devote time to individualized clinical case-based
learning-and acquire the minimal requirements of
their PoCUS skills. These requirements should be
assessed and supervised by a certified expert at the
bedside of the patient.

Step 1:

PoCUS introduction: - Online course, e-learning

- Theoretical teaching (I-AlM)
- Demonstration by experts

— | Gain experience:

Safe learning environment:
- Hands-on training
- Simulation
- Boot camp
Step 2:
Gain experience:
Clinical practice:
—| -
— - Patients
- Dedicated PoCUS facility
- Guidance by certified expert
Step 3:
Certification:
L Collecting case-evidence:
- Logbook
- Guidance by certified expert
Step 4:
Competence testing:
—> Theoretical exam
Simulation-based test
Step 5:

—| Recertification, life-long learning

Fig. 1. — Point-of-Care pathway.

Step 3 : The next step in the official certification
process is collecting case evidence. The evaluation
of the number of cases, the correct image acquisition
and its interpretation can be assessed post factum by
a certified expert. Of course, the trainee’s exposure
and training are determined by the faculty’s
proficiency in PoCUS. This might be a concern as
many teachers only have expert knowledge in one
specified PoCUS field.

Step 4 : The final step in the certification process
covers a theoretical exam together with a practical
simulation-based test. The complete certification
process, including a final exam and test, is the best
way to ensure that those using the technology have
the cognitive competency and the clinical skills to
perform PoCUS.

Step 5 : Recertification is not common in
Belgium but in line with individual (e.g. the TEE
recertification by the European Association of
Cardiovascular and Thoracic Anesthesiologists)
and hospital-oriented recertification pathways (e.g.
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Joint Commission International) and will probably
be a future requisite.

PoCUS is causing a paradigm shift in
perioperative anesthetic care.Nevertheless, it has
not yet become part of the anesthesia residency.
Therefore, we support its incorporation into
anesthesiology curricula and training programs
and the continuing professional development
of PoCUS-related activities at a national level.
Although it is clear from the implementation of
e.g. ultrasound-guided loco-regional anesthesia that
such process takes a long time, we should benefit
from previous experience gained in the field of
loco-regional and cardiac ultrasound to advance
decisively. This requires a joint effort, supported
and guided by universities and national professional
societies. Implementing could additionally be
government-stimulated with adapted accreditation
or remuneration.

CONCLUSION

PoCUS has particular relevance to our
perioperative practice. This review defines the
benefits of PoCUS to anesthesia practice, identifies
the different applications for PoCUS in routine
anesthesia care, and suggests future perspectives
to help guiding its incorporation into the Belgian
anesthesia practice.
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