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CURRENT CONCEPTS

Point-of-Care Ultrasonography

Christopher L. Moore, M.D., and Joshua A. Copel, M.D.

LTRASONOGRAPHY IS A SAFE AND EFFECTIVE FORM OF IMAGING THAT
has been used by physicians for more than half a century to aid in diagnosis
and guide procedures. Over the past two decades, ultrasound equipment
has become more compact, higher quality, and less expensive, which has facilitated
the growth of point-of-care ultrasonography — that is, ultrasonography performed
and interpreted by the clinician at the bedside. In 2004, a conference on compact
ultrasonography hosted by the Ameri i nd in Medicine (AIUM)
concluded that “the concept of an| ‘ultrasound stethoscope’ {s rapidly moving from
the theoretical to reality.” This conference included representatives from 19 medical
organizations; in November 2010, the AIUM hosted a similar forum attended by 45
organizations.** Some medical schools are now beginning to provide their students
with hand-carried ultrasound equipment for use during clinical rotations.*
Although ionizing radiation from computed tomographic (CT) scanning is in-
creasingly recognized as a potentially major cause of cancer, ultrasonography has
been used in obstetrics for decades, with no epidemiologic evidence of harmful ef-
fects at normal diagnostic levels.>¢ However, ultrasonography is a user-dependent
technology, and as usage spreads, there is a need to ensure competence, define the
benefits of appropriate use, and limit unnecessary imaging and its consequenc-
es.”10 This article provides an overview of the history and current status of compact,
point-of-care ultrasonography, with examples and discussion of its use.

From the Departments of Emergenc
Medicine (C.L.M.) and Obstetrics, Gynecol
ogy, and Reproductive Sciences (J.A.C.)
Yale University School of Medicine, Ne
Haven, CT. Address reprint requests t
Dr. Moore at the Department of Eme
gency Medicine, Yale University School
Medicine, 464 Congress Ave., Suite 26
New Haven, CT 06519, or at chris.moore
yale.edu.

N Engl ] Med 2011;364:749-57.
Copyright © 2011 Massachusetts Medical Society.
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Article
Integrating Point of Care Ultrasound Education into Clinical
Practice at the Emergency Department
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Figure 1. Image quality score divided by area of POCUS examination. Abbreviation: inferior
vena cava (IVC), cbstetrics and gynecology (OB-GYN), deep venous thrombosis (OVT), kidney and
urinary bladder (KUE), and focused assessment with sonography for trauma (FAST) scan/extended
FAST (EFAST).
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PALABRAS CLAVE
Ultrasonidos;
Ecografia;
Ecocardiografia;
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Cuidados Criticos

Resumen La ecografia se ha convertido en un instrumento imprescindible en la asistencia a
los pacientes criticos. Su conocimiento, uso @ instruccion requiere un posicionamiento por parte
de las sociedades cientificas implicadas en su desarrollo y aplicacion.

Nuestros objetivos son determinar el uso de la técnica dentro de Medicina Intensiva, las
situaciones clinicas donde su aplicacion es recomendable, los niveles de conocimiento, la res-
ponsabulndad asociada y el proceso de aorend zaje, asi como convertir la técnica acograﬁua en
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» Cada vez mas especialidades utilizan los
ultrasonidos en su practica diaria:

Cardiologia

Ginecologia/Obstetricia

Cirugia

Emergencias intrahospitalarias y prehospitalarias
Anestesia

Intensivistas

Traumatologos

Internistas

Neurologos
etc
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1. EN LA PRACTICA CLINICA
2. EN EL DIAGNOSTICO
3. ENLAS DECISIONES TERAPEUTICAS

4. ENLAFORMACION /EDUCACION con
aprendizaje 3.0 (eliminar learning 1.0 clasico)

Tecnologia-globalizacion-comunicacion on time-knowmads-

“aprendizaje invisible”
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Cardiac Examination: Stethoscope or Pocket
Echo—Why Not Both?

The Ametican Journal of Medicine, Yol 129, No 7, July 2016

= |flwere a young physician beginning a career as a cardiologist, | would
obtain a pocket echo and become an expert in its use!

= James E. Dalen, MD, MPH

= University of Arizona College of Medicine, Tucson, USA, Julio 2016



JAMA Cardiology | Special Communication

Time to Add a Fifth Pillar to Bedside Physical Examination
[nspection, Palpation, Percussion, Auscultation,

and Insonation JAMA Cardiol. doi:10.1001/jamacardio.2018.0001
Published online February 28, 2018.
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| Review Article |

Ultrasound Phantoms to Protect Patients from Novices

Department of Anesthesiology and Pain Medicine, Seoul St. Mary’s Hospital, College of Medicine,
The Catholic Urdversity of Korea, Seoul, Korea

Young Hoon Kim

Spinous Process

Practicing first-time needle placement on a patient is usually not recommended.
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Skills acquisition for novice learners after a @
point-of-care ultrasound course: does
clinical rank matter?

Tory Yamacda '™, Taro Minami>* @, Milam 1. Soni®, Eiji Hiracka®, Hiromizu Takahashi®, Tornoya Okubo”
and Juichi Sato’

Table 1 Educaticnal domains of the hands-on sessions

Dernains Main leaming obhjectives

General principles and maching operation Recognition of general prindiples and pitfalls of ultrasound
included in each session? Understanding differences in probes
Recognition of adequate depth, gain and common artifacts

FOCUS (Sessicns 1-3} Acuisition of PLAX, PSAX, A4C, 54C, and WC views
Interpretation of LV systolic function, pericardial effusion, and [VC

Vascular (Session 43 Idertification of examination points on the lower extremity veins
Performance of compression ultrasound study of the [ower extremities

Lung/diaphragrm (Sessicn 3} Recognition of normal lung ultrascund patterns (e, Adines, sliding)
Recognition of diaphragrn and normal diaphragrm function

Abdomen (Session 6} ldentification of normal abdominal structures {ie, kidney, gallbladder, aorta, bladder)

Abbrevigiions: FOCUS Focused cardiae ultrasound, PLAX Parasternal long-axis view, PSAX Parasternal shorkaxis, mid-ventricular level view, A4C Apical 4-chamber
view, 54C Subcostal 4-chamber view, [VC Inferior verna cava, LY Left ventricular




General ultrasound skills Focused cardiac ultrasound

Faculty lrainee Faculty

Vascular Lung

Trainee Faculty

Abdomen

Trainee Faculty

Fig. 3 Bax plot of physician survey results stratified by trainee and faculty
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course for incorporation
of ultrasound into medical
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Ultrasound Curricula in Undergraduate
Medical Education

A Scoping Review

Usinan Tarigue, BHSc, Brandon Tang, BSc, Manni Singh, BSc, Kulamakan Mahan Kulasegaram, PhD,
Jonathan Aflen, MD, FRCPC, M5Sc, BSc {Hon}

The clinical applications of point-of-care ultrasound {US) have expanded rapidly
aver the past decade. T promote early exposure to point-of-care US, there is wide-
spread support for the integration of US cuwricula within undergraduate medical
education. However, despite growing evidence and entfmsiasm for pomt-of-care US
education in undergraduate medical education, the ardalar design and delivery
across undergraduate medical education programs remain varable without widely
adopted naticnal standards and guidelines. This artide highlights the educational
and teadhing spplications of pont-of-care US with a focus on cutcomes. We then
review the evidence on amricular design, delivery, and integration and the assess-
ment of competency for point-of-care US in undergraduate medical education.

Key Words—oanricula; education; point-of-care ultrasound; ultrasound;

unﬂergraduate
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Point-of-Care Ultrasound Education During a
Pandemic: From Webinar to Progressive Dinner-
Style Bedside Learning

lotzkus |, Paul M.

Ultrasound
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Webcam

atiom and Continuing
cilicine, Indiana University

MacBook Pro

QuickTime
Player
- New Movie Recording Zoom

O Camera = Webcam

FIGURE 1: Ultrasound machine and webcam set-up
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Evaluation of a new goal-directed training curriculum for point-of-care
ultrasound in the emergency department: impact on physician
self-confidence and ultrasound skills

Di Shi' . Jihai Liu'. Jun Xu' . Huadong Zhu' . Xuezhong Yu'




Open Access Original
CUIeus Article DOI: 10,7753/ cureus. 25944

Point-of-Care Ultrasound Curriculum for Internal
Medicine Residents During the COVID-19 Era: A
Pilot Study
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Piloting a Graduate Medical Education Point-of-
Care Ultrasound Curriculum

Robinson M. Ferre ! . Frances M. Russell ! . Dina Peterson © . Bitu Zakeri © . Andrev Herbert b . Beniwmin Nti L
Very Somewhat Neutral Somewhat not Mot at all p-value
Undifferentigted hypotension Pre B333%) 104.2%) 937.5%) & [25%) =0.001=

SN 0255 A Post  3(15.8%)  13(684%) 3 (15.8%)
al lha Cre

Cardise arrest Pre F(20.2%) 104.2%% B (25%)
bl use, distrit
rmediurm, pro
(LD [re Ore

Post  5(268.3%) 10 (B2.8%) 3(15.8%) 105.3%)

Heart failure disgnosis amd management Pre B333%) 104.2%) 937.5%) & [25%)
Post 7 (36.8%)  B421%) 4 (21.1%)

Undifferentisted shotness of breath Pre 208.3%) 4 [16.7%) 10041.7%3 B [33.3%)
Post 7 (36.8%) 7 (368%) 5 [26.3%)

Soft tissue sbsvess detection Pre 2(8.3%) 5 (20.8%) I1256%y  6(25%) 8 (33.3%)
Post  9474%) 4 211%) 2010.5%) 105.3%) 3 15.8%)

Wilcoxon signed ranked sum test was used for comparison. *ndicates statistically significant results. Pre n = 24, post n =19,

TABLE 3: Comparison of pre- and post-curriculum self-reported resident comfort level with
POCUS based on the indication.

POCUS: point-ofcare-ultrasound.
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The effect of e-learning on point-of-care
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(n=170) (n=53)

Authorization to Traditional training
e-learning

E-learning users
(n=48)

FAST curriculum
OSCE

E-learning users Non-users
(n=22) (n=100)

Clinical FAST examinations




“LEVEL 1” ULTRASOUND LEARNING GOALS in TRAUMA CRITICAL CARE

[ 1. “ABCDE” PRIMARY ASSESSMENT (Vital signs, anomalies, detectable causes, responses, complications)

AIRWAY: Airway patency
| & obstructive causes

A | & SN
\ BREATHING: Respiratory performance ULTRASOUND ENHANCED
\ B & dyspnea/hypoxiemia causes CRITICAL MANAGEMENT CYCLE:
; CIRCULATION: Haemodinamics & shock 1) Primary “ABCDE"” Assessment
CERVICALUS /hypothension causes 2) Resuscitation
c 3) Secondary “Head-to-toe” Assessment
LUNG US 4) Intensive / Definitive Care
5) Continuing Follow Up
- ECHOCARDIO S =
Airway patency
(ventilation) N/
Tracheal lesions VASCULAR US
/lemphysema Ventilation
Tracheal Emphysema / - 3 =
displacemgnt Pneﬁnn\{uoth‘orax ABDOMINAL US ! DISAfILIWéV :g/rr())e/:/)fqo’gasll:gﬁs causes
Compressive Pleural fluid Heart performance D |
haematoma Atelectasia (rythm, contractility,

Multiple fractures Miocard. failure Caval vein asset
Pericardial fluid/ (volume, responsiv.)

. : ° ‘ EXPOSURE: Exclude
[Prandial status Dyaphr. lesions  volume, ratio) SOFT TISSUE US %\ missed findings

tamponade Deep venous CRANIAL US

Acute dilation thrombosis Peritoneal fluid y e —

Valvular lesions  (limbs, iliac, (FAST, abdominal)

Pulm. embolysm subclavian) Haematomaaas ‘ Miscellanea 1
(parenchymal, (L:r:g:t Zizma'°"‘as L

A A sub-capsular, :
‘ ‘ pre- & ?elro- abdominal wall, ‘

periton. spaces, 'IMPs, pelvis, Optic nerve enlarg. ol
retro-placentar) Perineum) Pupilla reflexes™

Peripheral pulse:  Midline shift*
Neonatal/Infant Preventing missed
assessment life-threatning
lesions

2. “"ABCDE” RESUSCITATION (Electric, Fluid/Drug, Interventional)

Airway device Needle Pericardio- Diagnostic paracentesis
management:  toracho-centesis centesis DPL/Mini-laparotomy
naso-/oro- Chest tube Thoracotomy Laparotomy (intra/post-operative)

tracheal intub., insertion
crico-tyroidot.,, Thoracotomy
tracheo-tomy,

tracheo-stomy

Central & peripheral vascular puncture, venous cutdown, intraossesus puncture (confirmation)™
Nasogastric tube insertion, Urinary catheterization/ Cistocentesis, Pre-fintra-/post- operative applications ...

Fluid therapy management (input, output) <
Drug therapy management (inotropes, thrombolytics, diuretics, antidots) M

Defibrillation (recovery, PEA vs pseudo-PEA)
Pacing (mechanical capture, intra-venous guidance)
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Table 7. Diagnestic tools for differertial diagnoses. =

Patients Who Came to Emergency Department for Chest Pain and Dyspnea

Review

Diagnostic Suspicion Role of Diagnostic Tests and POCIIS
Use Of PO( Actte coronatry syndrome (ACS) FPettorming ECG and troponin assay
Departmen The gold standard is tep resented by CT

angiography ot trans-cesophageal
achocardiography, while POCUS can help in
cases whete these tests cannot be performed

Aoottie dissection
Andrea Piccioni 1'*

Benedetta Simeoni 1

Feticardial effusion and cardiac tamponade POCUS is one ofthe tests that allows diagnosis

The gold standard is rep resented by CT
Fulmonary embolism angiography, and POCUS canselect which 18,
patients should undergo this examination

Acute pulmenaty edema POCUS is one ofthe tests that allows diagnosis

Chest ¥-tray is the fitst-level examination, and
FINX thoracic ultrasoundis quite accurate, E-BAST is
the first choice for the trauma patient.

Chest X-ray is the first-level examination, and
Fleural etfusion ot hemothotax thoracic ultrasoundis quite accurate, E-BAST is
the first choice for the trauma patient.

Blood tests with inflarrimatory indices and a
chest X-tay c amprise the first level of
eqamination, and thoracic ultrasound is quite
accutate,

Prisutmonia

The findings of ultr asound changes suggestve
CUVID-19 preumeoenia of nfection can be isolated eatly; chest CT
rermains the most accurate examination.

In this case, the finding of a nottmal type A
Exacetbation of asthma and COFPD pattern without pleural of parenchymal
changes can be suggestive of these pathologies,
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Impact of ultrasound on management =

for dyspnea presentations in a Rwandan
emergency department

Jivier Felix Umuhire'" ®, Michael B. Henry?, Adam Carl Levine?, Giles N

Tabled4 Pre- and post-POCUS diagnosis accuracy
compared to discharge diagnosis

Discharge diagnosis N  Pre-POCUS Post-POCUS  Pvalue
Correct% (n) Correct9 (n)

ADHF . 100% (26) 00004
Frieurm onia . 25, % (18) (o075
EFTE . 85, 7% (6) 00075
IVassive PE . 100% (4 (.0859
Pleural effusion . 100% (10 00002
COPD 100% (1] 07054
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Point-of-care Ultrasound in Morbidity and Mortality Cases in
Emergency Medicine: Who Benefits the Most?

Andrew J. Goldsmith, MD, MBA*t *Harvz
Hamid Shokoohi, MD MPH** TBrigh:

Michael Loesche, MD, PhD*t Bostao
Ravish C. Patel i ass; Identified a missed diagnosis
Heidi Kimberly, MD** Bosto 92% (23/25) ‘G e a
Andrew Liteplo, MD™# B edic

Decreased time to diagnosis e e
Section Ediior: Jason Fields, MD 92% (23/29)

Subrmission history, Submitted March 29, 2020, Revisiol
Electronically published October 28, 2020 Improved triage
Full text available through open access at http feschola 80% (20/25) Q

DO 105811 westjern. 2020.7 47486

Guided appropriate treatment a
60% (15/25)

Earlier consultation
24% (6/25) a o 0
Prevented inappropriate imaging
24% (6/25) ‘ ‘ a
[ [
Ut 1 l 1 d a d d e Total Lung  Cardiac Soft Tissue FAST Renal Pelvic Aorta
(25) (8) (8) (3) @) 0] (1) 1

POC U S Figure 2. Perceived impact of point-of-care ultrasound: applications
versus mechanism by which POCUS may have reduced or

prevented morbidity ad mortality (N = 25 cases, multiple mechanisms
per case were possible).
FAST, focused assessment with sono hy in trauma.
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Take-home message: In mechanically
ventilated critically ill patients lung
ultmsound has a significant impact on
clinical decision making and thempeutic
management.
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ORIGINAL

Impact of lung ultrasound on clinical decision
making in critically ill patients

Abstract Purpose: To assess the
impact of lung ultrasound (LU) on

clinical decision making in mechani-

cally ventilated critically ill patients.
Methods: One hundred and eighty-
nine patients took part in this pro-
spective study. The patients were
enrolled in the study when LU was
requested by the primary physician
for (1) unexplained deterioration of
arterial blood gases and (2) a sus-
pected pathologic entity
[pneumothorax, significant pleural
effusion (including parapneumonic
effusion, empyema, or hemothorax),
unilateral atelectasis (lobar or total),
pneumonia and diffuse interstitial
syndrome (pulmonary edema)).
Results:  Two hundred and fifty-
three LU examinations were per-
formed: 108 studies (42.7 %) were
performed for unexplained deteriora-
tion of arterial blood gases. and 145
(57.3 %) for a suspected pathologic
entity (60 for pneumothorax, 34 for
sionificant pleural effusion, 22 for

process. The management was chan-
ged directly as a result of information
provided by the LU in 119 out of 253
cases (47 %). In 81 cases. the change
in patient management involved
invasive interventions (chest tube,

sis/fluid drainage, continuous
venous—venous hemofiltration,
abdominal decompression, tracheot-
omy), and in 38 cases, non-invasive
(PEEP changeltitration, recruitment
maneuver, diuretics, physiotherapy,
change in bed position, antibiotics
initiation/change). In 53 out of 253
cases (21 %), LU revealed findings
which supported diagnoses not sus-
pected by the primary physician (7
cases of pneumothorax, 9 of signifi-
cant pleural effusion, 9 of pneumonia,
16 of unilateral atelectasis. and 12 of
diffuse intersutial syndrome). Con-
clusion:  Our study shows that LU
has a significant impact on decision
making and therapeutic management.
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Table 2. Description of cases that POCUS may have contrbuted to the e,

Type of error

Incorrectly  Incorectly  Incorrectly
Case description Ultrasound contribution interpreted  performed  integrated

Possible septic shock with acute on - Severe RY dysfunction correctly identified, ¥
chronic By failure. howewer 4L of [VF given causing fluid overoad.

Hernothorss . Liver injury 0Ccurred Hermothoras correctty identified but ultrasound b
during chest tube placerm ent. not used to guide chest tube placerment.

Persistent tachycardia. PE not R dilatation comrectly identified bt not
considered. incorporated into care.

Herothorax after utrasound-guided  Presumed vascular injury secondary to
ipsilateral central ling placement. CeMtral venous access attermnpt. Unclear hio
procedure was done.

Traurma with fypotension. +FAST correctly identified. Mo surgery
consults until after CT.

Leq infection treated as cellulitis Ultrasound comecthy identified soft tissue
as outpatient. Returned with ederna, but providers missed subcutaneous
necrotizing fasciitis. air, which was wvisible.

shorness of breath. Pleural and Fericardial effusion comectly identified,
pericardial effusions identified, but not read as earty tamponade delaying
admitted. ernergent consults,

Total (8 errors/7cases) 25% (2/8)  25% (28] 50% (4/8)

MEM romhidity and martality, RV, right ventricle; VF intravenous fluid; PE, pulrmonary embolism; FAST, focused assessment with
sonography intrauma; CT, computed tomography.
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Table 3 Description of changes in clinical information or decisions led by ultrasound

modification in diagnosis and therapeutic decisions ked by US Mo.changes MNo. patients
Related to clinical decision-making, total 48 36
Mewy or unidentified diagnaosis: 10 2}
Preumaonia, 2; significant pleural effusion, 5 pneumothorax, 1; significant pericardial effusion, 1; cholecystitis, 1

Clinical diagnosis: 4 4
PReumaonia to respiratory distress dug to biliary sepsis, 1; pneumonia to hear failurg, 2; asthma to pneumonia, |1

Pharmacological therapiy: 24 16
Fuid challenges, &; start diuretics, &; dobutaming, 5; noradrenaling, 2; antibiotics, &; alteplase, 1

Invasive procedures: @ 7
Thoracic drainage, 5; emergency bronchoscopy, 2; laparotomy, 1; suprapubic bladder catheterization, 1

Alyveolar recruitment manetver, 1 1 1
Mo changes 0 4

U5 ultrasound
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The Top Patient Safety Strategies That Can Be Encouraged for
Adoption Now

Paul G. Shekelle, MD, PhD; Peter J. Pronovost, MD, PhD; Robert M. Wachter, MD; Kathryn M. McDonald, MM; Karen Schoelles, MD, SM;
Sydney M. Dy, MD, MSc; Kaveh Shojania, MD; James T. Reston, PhD, MPH; Alyce S. Adams, PhD; Peter B. Angood, MD;

David W. Bates, MD, MSc; Leonard Bickman, PhD; Pascale Carayon, PhD; Sir Liam Donaldson, MBChB, MSc, MD; Naihua Duan, PhD;

Donna O. Farley, PhD, MPH; Trisha Greenhalgh, BM BCH; John L. Haughom, MD; Eileen Lake, PhD, RN; Richard Lilford, PhD;
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Gery Ryan, PhD; Sanjay Saint, MD, MPH; Stephen M. Shortell, PhD, MPH, MBA; David P. Stevens, MD; and Kieran Walshe, PhD

ver the past 12 years, since the publication of the We chose 18 topics for in-depth revi
Institute of Medicine’s report, “To Err is Human: f e rev! we searched for existin
Building a Safer Health em,” improving patient safety oviews. To assess the potential utility of such reviews,
has been the focus of considerable public and professional followed procedures proposed by Whitlock and co
interest. Althe ch efforts in policies; (3) and asked the following questi the existi
education; g, organi view sufficiently “c " to be of use? Is the rev
tion, and delivery, the most important gap has arguably ent quality to fo
been in researd] cifi to improve patient safety we ermined that the e
needed to id
further ste
patient harm. y (that
for Health published since the search end date in the
atic review); in others, we conducted searches for “sig

N

Table 2. Patient Safety Strategies Ready for Ado

Strongly encouraged

Preoperative checklists and anesthesia checklists to prevent operative and
postoperative events

Bundles that include checklists to prevent central line-associated
bloodstream infections

Interventions to reduce urinary catheter use, including catheter reminders,
stop orders, or nurse-initiated removal protocols

Bundles that include head-of-bed elevation, sedation vacations, oral care
with chlorhexidine, and subglottic suctioning endotracheal tubes to
prevent ventilator-associated pneumonia

Hand hygiene

The do-not-use list for hazardous abbreviations

Multicomponent interventions to reduce pressure ulcers

Bard T pre c ey i

Use of real-time ultrasonography for central line placement

— i i : -

Encouraged
Multicomponent interventions to reduce falls
Use of clinical pharmacists to reduce adverse drug events
Documentation of patient preferences for life-sustaining treatment
Obtaining informed consent to improve patients’ understanding of the
potential risks of procedures
Team training
Medication reconciliation
Practices to reduce radiation exposure from fluoroscopy and CT

The use of surgical outcome measurements and report cards, such as
those from ACS NSQIP

Rapid-response systems

Use of complementary methods for detecting adverse events or medical
errors to monitor for patient safety problems

Computerized provider order entry

Use of simulation exercises in patient safety efforts

» = American College of Surgeons; CT = compured tomography; NSQIP =
ational Surgical Quality Improvement Program.




I POCUS

= AL MEDICO BUENO * |Lohace EXCELENTE

= Al medicoregular = Lo hace bueno/mejor




= |listen ... and | forget

= |see...and |l remember

» |doandlunderstand

» TaoTe Ching




