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Editorial

COVID-19 and Canadian General
Internists

COVID-19 et les internistes généraux
canadiens

In advance of our next issue of the Canadian Journal of General

En prévision de notre prochain numéro de la Revue canadienne

Internal Medicine, we are disseminating work by Dr. Irene Ma

de médecine interne générale, nous diffusons les travaux de la

and colleagues on use of POCUS for the management of patients

Dre Irene Ma et de ses collègues sur l’utilisation de POCUS pour

with suspected or confirmed COVID-19 illness.
The Journal welcomes submissions relating to COVID-19,
including your clinical experience of this disease, ongoing and
planned research, and your personal stories of how the pandemic
has affected your daily life.
During the next several weeks, if not already in many places,
general internists in Canada will be called upon to shoulder a
heavy burden of patient care, whether with hospitalized COVID-19
patients or with non-COVID patients who continue to need
to our full attention. We will also be asked to support medical
colleagues, to provide back-up in case of illness, and to provide
advice for those who have not practiced general internal
medicine for some time.
In my preamble to the last issue of the Journal, I mentioned
how we are starting the decade with hope and optimism
for our profession as general internists and for us to reflect
on our fortunate position in the midst of the “novel
coronavirus epidemic.” Although we are entering the throes of
the COVID-19 pandemic in Canada, my optimism remains high
as to how we, as general internists, other health care professionals
and the broader society will respond.
On behalf of the Deputy Editors, Editorial Board and
Journal Staff, I wish you all godspeed in your work.

la prise en charge des patients atteints d’une maladie COVID-19
suspectée ou confirmée.
La Revue accueille les soumissions relatives à COVID-19, y
compris votre expérience clinique de cette maladie, les
recherches en cours et prévues, et vos histoires personnelles sur
la façon dont la pandémie a affecté votre vie quotidienne.
Au cours des prochaines semaines, si ce n’est déjà fait dans de
nombreux endroits, les internistes généralistes du Canada seront
appelés à assumer une lourde charge de soins aux patients, qu’il
s’agisse de patients COVID-19 hospitalisés ou de patients non
COVID qui continuent à avoir besoin de toute notre attention. Il
nous sera également demandé de soutenir nos collègues médecins, de
fournir un soutien en cas de maladie et de conseiller ceux qui n’ont
pas pratiqué la médecine interne générale depuis un certain temps.
Dans le préambule du dernier numéro de la Revue, j’ai mentionné
que nous commençons la décennie avec espoir et optimisme pour
notre profession d’internistes généraux et pour nous permettre
de réfléchir à notre position privilégiée au milieu de la “nouvelle
épidémie de coronavirus”. Bien que nous entrions dans les affres de
la pandémie de COVID-19 au Canada, mon optimisme reste grand
quant à la manière dont nous, en tant qu’internistes généralistes,
autres professionnels de la santé et la société en général, allons
réagir.
Au nom des rédacteurs adjoints, du comité de rédaction et du
personnel du journal, je vous souhaite à tous bonne chance dans
votre travail.
James Douketis MD
Editor-in-Chief
Canadian Journal of General Internal Medicine
Rédacteur en chef
Revue canadienne de médecine interne générale
Click here to submit
Veuillez cliquer ici pour soumettre
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Abstract
This case report highlights the diagnostic limitations of nasopharyngeal swabs in diagnosing
COVID-19. This patient had a positive travel history, typical symptoms (fever, dry cough,
dyspnea) and two negative nasopharyngeal swabs (NPS). He deteriorated clinically and required
intubation. After intubation, bronchoalveolar lavage was used to sample the lower respiratory
tract, which confirmed the diagnosis of COVID-19. This case demonstrates the diagnostic
limitation of reliance on nasopharyngeal swab PCR alone for the diagnosis of COVID-19.
NPS tests may result in false negatives with incorrect sampling technique or if the sampling is
done while the upper tract viral load is low, such as very early or late during the illness course.
During this pandemic, we posit that clinicians should maintain a high degree of suspicion
based on supportive clinical findings despite negative PCR testing as this has implications for
hospital infection control procedures.

Resume
Ce rapport de cas met en évidence les limites diagnostiques des écouvillons nasopharyngés
dans le diagnostic de la COVID-19. Ce patient avait des antécédents de voyage positifs, des
symptômes typiques (fièvre, toux sèche, dyspnée) et deux écouvillons nasopharyngés négatifs
(NPS). Son état clinique s’est détérioré et a nécessité une intubation. Après l’intubation, un lavage
bronchoalvéolaire a été utilisé pour prélever un échantillon des voies respiratoires inférieures,
ce qui a confirmé le diagnostic de COVID-19. Ce cas démontre les limites diagnostiques de la
seule utilisation de la PCR sur écouvillon nasopharyngé pour le diagnostic de la COVID-19.
Les tests NPS peuvent donner des faux négatifs si la technique de prélèvement est incorrecte
ou si le prélèvement est effectué alors que la charge virale des voies supérieures est faible, par
exemple très tôt ou très tard dans l’évolution de la maladie. Pendant cette pandémie, nous posons
comme principe que les cliniciens doivent maintenir un haut degré de suspicion basé sur des
résultats cliniques favorables malgré des tests PCR négatifs, car cela a des implications pour les
procédures de contrôle des infections hospitalières.
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Case Study

Background
COVID-19 is a pandemic driven by a rapidly spreading, severe
respiratory illness caused by a novel coronavirus: SARS-CoV2.
Polymerase chain reaction (PCR) for SARS-CoV2 using
nasopharyngeal swabs (NPS) samples is the current standard for
diagnosis diagnosis.1 Assessment of the World Health Organization’s
PCR assays demonstrated high specificity (100%), and sensitivity
of 61-–68%, which increases to 71–79% with repeated testing
testing.2 In one study, 33% of suspected COVID-19 patients with
negative PCR testing had computed tomography (CT) findings
consistent with COVID-193.19.3 Others concluded COVID-19
could not be reliably diagnosed using PCR alone, given its low
sensitivity,4 which is affected by the time of sampling relative to
onset of (i.e., when viral shedding, correct sampling technique
and assays with a poor limit of detection. In an analysis of site
sampling, lower respiratory tract samples were positive more
often than NPS. However, testing in this study is biased towards
severely ill, intubated patients, where endotracheal tube sampling
is feasible.1
There is only one published report of COVID-19 diagnosed
with bronchoalveolar lavage (BAL) after numerous negative.NPS.5
We report what we believe is the first case in North America.

Objective
To alert clinicians to maintain a high suspicion for COVID-19
in the appropriate clinical context, despite recurrent negative
NPS testing and to highlight potential difficulties in removing
isolation precautions in the intensive care unit (ICU).
Case Report:
A 54-year-old male with a history of gout travelled from Canada
to the United States from February 29th-March 1st, 2020. Twelve
days after, he developed persistent fevers, myalgias, dyspnea, a
dry cough, nausea, and vomiting. On symptom day 5, his family
physician ordered a chest x-ray, which was normal. Treatment
with amoxicillin-clavulanate offered no improvement. He
presented to the emergency department on symptom day 7.
At presentation, he was afebrile; his oxygen saturation was
93% on 2L of oxygen via nasal prongs. Chest x-ray demonstrated
new bilateral, peripheral airspace opacities. Initial blood work
demonstrated lymphopenia (0.6×109L), hyponatremia (134
mmol/L), normal liver enzymes and elevated inflammatory
markers (c-reactive protein 137 mg/L, lactate dehydrogenase
965 IU/L). Urine legionella antigen and NPS for SARSCoV2, influenza A, influenza B, respiratory syncytial virus,
metapneumovirus, parainfluenza types 1 and 3, adenovirus,
rhinovirus and enterovirus were sent. He was admitted to the
medical ward and started on ceftriaxone and azithromycin for
possible community-acquired pneumonia.
6
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On symptom day 8, he was transferred to the ICU for hypoxemic
respiratory failure, initially managed with a high-flow nasal
cannula (50L50 L/min, FiO2 80%). The initial nasopharyngeal
swab (NPS) was negative for all respiratory viruses, including
SARS-CoV2. Another swab was sent given the high index of
suspicion. By symptom day 10, he was intubated. The repeat
NPS was negative.
His subsequent laboratory investigations demonstrated persistent
lymphopenia, transaminitis (aspartate aminotransferase 63 IU/L,
alanine aminotransferase 51 IU/L, alkaline phosphatase level 144
IU/L, gama-glutamyl transferase 310 IU/L), hyperbilirubinemia
40 umol/L, c-reactive protein 299 mg/L, lactate dehydrogenase
972 IU/L and ferritin 1020 ug/L. A workup for infectious,
malignant and autoimmune etiologies for acute respiratory
distress syndrome were all negative. An abdominal/pelvic CT
demonstrated no intra-abdominal abnormalities, but identified
lung findings consistent with COVID-19, including bilateral
pleural effusions, atelectasis vs. consolidation, and crazy-paving
(Figure 1). Subsequently, bronchoscopy and BAL was performed.
BAL was positive for SARS-CoV2.

Discussion
Our case demonstrates that despite negative NPS for SARS-CoV2,
clinicians should maintain a high degree of suspicion, given
the patient’s history, clinical trajectory, and CT findings. Our
polymerase chain reaction assay has excellent sensitivity (95%)

Figure 1. Lower lung zones captured on computed tomography of the abdomen/
pelvis demonstrating bilateral pleural effusions, atelectasis vs. consolidation,
and crazy-paving.
Canadian Journal of General Internal Medicine
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and specificity (100%) for SARS-CoV2. This, however, relies on
adequate viral load and proper sampling technique. We believe
our patient’s nasopharyngeal viral load had likely resolved by
the time of NPS sampling, explaining the false negative results.
Given the consequences of false negative tests, a multimodal
approach to the diagnosis of COVID-19 is favourable, especially
in critically ill patients.
While BAL confirmed the diagnosis and assessed for
comorbidities, it is an aerosolizing procedure and should be
performed at the clinician’s discretion. In intubated patients,
endotracheal tube aspiration offers a non-aerosol generating
alternative for sampling the lower airways.
Therefore, when the clinical suspicion for COVID-19
remains high despite negative NPS testing, infection control
precautions should remain for patient and healthcare provider
safety. Furthermore, NPS results may not be reliably used as a
test of cure in the context of previously false negative results. This
has implications on resource allocation and must be considered
when removing isolation precautions.
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With the COVID-19 pandemic, we are in unprecedented
times -- our clinical environment is changing rapidly and may
continue to do so in the future. Over the last decade, there
has been an increase support for the use of internal medicine
point-of-care ultrasound (POCUS) across the country and
worldwide.1-3 While standard infection control guidelines are
available on device and transducer cleaning and disinfection,4,5
these recommendations may not apply to the current COVID-19
pandemic. While we anticipate that the experience and need for
POCUS deployment will differ across the country depending
on a number of contextual factors, similar principles will likely
emerge across multiple settings. To that end, in order to enable
POCUS readiness, we recommend that each program/practice
site consider undertaking appropriate measures on a semi-urgent
basis if POCUS use is anticipated.
The objective of this article to provide internists who
currently use POCUS with interim recommendations on
processes that need to be in place prior to its use. This
document refers primarily to the non-critical use of ultrasound
devices, based on the Spaulding classification6 (see Appendix
for definitions) and does not apply to settings of critical use
where sterilization is required, nor to semi-critical use, where
high level disinfection is required.7 Each institution must
8
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have its own policy in place on the cleaning and disinfection
procedures for POCUS. This document is meant to serve as
an adjunct to existing protocols.
Recommendation #1: Develop or adapt existing infection
prevention and control (IPC) protocols for ultrasound device(s)
POCUS use under all circumstances must strictly adhere to
appropriate and clearly defined IPC protocols. These protocols
must be developed as early as possible for use in each local setting.
The following recommendations must be taken into consideration:
• Appropriate disinfectant products must be:
a. Effective against coronavirus, based on best available
evidence.
		For product information, consult documents
from Government of Canada8 or the United States
Environmental Protection Agency (EPA)9
b. Compatible with the ultrasound device and
transducers.
		Consult manufacturer manuals for a list of compatible
products.
• All surfaces on the device should be cleaned after each use
and a minimum of once daily. This includes but not limited
to the monitor, instrument control panel, transducers, cords/
Canadian Journal of General Internal Medicine
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cables, stand, transducer holders, and disinfectant container,
where applicable.
• Note the minimum wet contact time required to achieve
disinfection. This minimum wet contact time is the length
of time that the disinfectant must remain wet on the surface
for it to be effective. The minimum wet contact time required
must be in compliance with the manufacturer’s specifications
for a given product.9
• Consult the device manual and/or device manufacturer
regarding required cleaning and disinfection procedures.
• Adhere to appropriate cleaning and disinfection
principles.10 Surfaces must be cleaned of any visible
debris prior to disinfection. The sequence of cleaning and
disinfection must be done from the least-soiled to the mostsoiled areas. Following cleaning and disinfection, the device
must be allowed to dry completely before reusing.
Recommendation #2: Optimize the ultrasound device(s)
prior to use
A dedicated device or a limited number of devices, should be
selected on the basis of ease of cleaning and disinfection (i.e. least
number of crevices, small size), portability, imaging capability,
and ability to provide clinically meaningful information/utility.
To prepare the device(s) for use, we recommend minimizing
all unnecessary accessories. For instance, in cart-based systems,
remove all unnecessary trays, baskets, transducer holders, and
brackets. Minimize the number of transducers on the device by
removing transducers unlikely to be of use.
Recommendation #3: Where possible, use single-use gel
packets for patient assessments
Ideally, no multi-dose gel bottles should be used.
Recommendation #4: Integrate IPC protocol into the workflow
Consideration must be given to:
a. where the device will be cleaned (e.g the device should
be disinfected prior to exiting the room, if no anteroom
is available)
b. where the disinfectant product will be accessible (in the
patient room vs. stored on the ultrasound device)
c. how the device cleaning/disinfection will be done in
conjunction to existing donning and doffing of personal
protect equipment of the operator
d. if additional staff/personnel will be present to assist
during any of the above IPC procedures
Working with your local IPC professionals to implement and
monitor proper POCUS use and disinfection processes is highly
recommended. Refer to the most updated and credible sources,
such as the American College of Emergency Physicians ultrasound
cleaning protocol for COVID19.11
Canadian Journal of General Internal Medicine
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Recommendation #5: Identify a secure clean area for device
storage
Recommendation #6: Ensure necessary training of all POCUS
practitioners
Restrict users of POCUS to only those appropriately trained in
both POCUS and IPC protocols. For the training of IPC protocols,
simulation-based education can be considered.
Recommendation #7: Each decision to perform POCUS must
be based on careful consideration of the following factors:
Even with the appropriate IPC protocol in place, the risks and
benefits of undertaking POCUS must be carefully weighed and
considered.
1. Indications: Do the indications justify the use of
POCUS?
		There are currently no known pathognomonic findings
COVID-19 on POCUS.12 Therefore, its use to diagnose
COVID-19 without an expected change in management
plans is NOT recommended.
		However, there may be a role for POCUS in certain
situations:
º To evaluate for the presence of alternative diagnoses
º To help guide management (e.g. volume status),
monitor disease progression, or provide prognostic
information (e.g. evolving ARDS or cardiac
dysfunction)
º To guide necessary bedside procedures (e.g. establish
intravenous access)
In deciding to pursue POCUS, the user must take
into account the likelihood of
POCUS yielding information that can help manage
the patient.
2. Contraindications: Factors such as patient refusal
and lack of cooperation that may impact the ability to
obtain necessary information should be considered
early, to avoid wasting unnecessary personal protection
equipment and disinfectant products.
3. Operator expertise: Given the clinical context and
patient factors, is the operator sufficiently trained and
skilled for the POCUS examination to yield important
information?
4. Availability of alternative investigations: The operator
will also need to consider the availability of alternative
modalities that can yield comparable or superior
information and the risks/benefits of any necessary
patient transport and transfers that could place
additional health care workers and patients at risk
5. Barriers to patient transport: Availability of local
resources, personnel, equipment, and patient condition
Volume 15, Issue 2, 2020
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must be considered in deciding the optimal imaging
modality. Discussion with imaging specialists is
recommended.
6. Burden on resources: Do the use and results from the
POCUS exam justify the use of protective equipment
and disinfectant products, risk of personnel exposure,
costs, and time?
Recommendation #8: Use the minimum number of POCUS
practitioners and equipment necessary to do the task
To avoid unnecessary waste of personal protective equipment and
disinfectant products, minimize the number of POCUS personnel
required at each patient encounter. Consider integrating POCUS
evaluations with concurrent patient care tasks.
Do not take additional unnecessary equipment (e.g. pens or
paper) into the room. Images and cineloops should be recorded.
Necessary patient identifiers should be entered into the machine
outside of the patient room. Storage of patient identifiers and
images/cineloops should be done in compliance with Canada’s
healthcare privacy regulations (Personal Information Protection
and Electronic Documents Act).13
Recommendation #9: Avoid the use of POCUS during aerosolgenerating medical procedures (AGMP)

protocols are required if any part of the device surfaces have
been contaminated with blood and/or body fluids or have been
in contact with non-intact skin or mucous membranes.
Consult the device manual and local IPC professionals for
recommendations on high level disinfection protocols.
Recommendation #11: Have contingency plans in place for
alternative disinfection strategy
Contingency plans should be set in place for what to do when
cleaning/ disinfectant products are depleted, or alternate devices
need to be used. It is advisable to have available, on hand, a list
of alternative disinfectant products that are both effective and
compatible with your devices. Noting these products’ specified
wet contact time ahead of time may save time in the future.
Recommendation #12: Educational bedside scans should
be suspended
Based on potential infectious risks involved as well as the need for
personal protective equipment and disinfectant products, CIMUS
recommends that all educational bedside scans be suspended
at this time. Educators are encouraged to seek out alternative
educational activities, such as simulation-based training, online
resources, or review of images and cases.

AGMPs are procedures that are believed to induce the production
of aerosols, such as:14
1. Nebulized therapy/aerosolized medication
administration
2. Bi-level Positive Airway Pressure (e.g. BiPAP, CPAP)
3. Humidified high flow oxygen systems (e.g. AIRVO,
Optiflow)
4. Induced sputum
5. Tracheostomy care
6. Intubation
7. CPR
8. Bronchoscopy
9. Procedures that stimulate coughing
10. Open tracheal suctioning
11. High frequency oscillatory ventilation
Care should be taken to avoid performing POCUS during AGMPs.
If POCUS must be performed during AGMPs, system drapes and
transducer covers may be beneficial. Appropriate cleaning and
disinfection procedures will still need to be undertaken after each
use, after the removal of system drapes and transducer covers.

APPENDIX: Definitions

Recommendation #10: Recognize the levels of disinfection
required based on use and/or exposure

Semi-critical items contact mucous membranes or nonintact
skin and require high level disinfection processes.

Surface disinfection procedures will differ between a) low-level
and b) high-level disinfection. While this document pertains to
low-level disinfection recommendations, high level disinfection

Non-critical items come into contact with intact skin but no
mucous membranes. Intermediate or low-level disinfection
processes are required.
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Cleaning refers to the physical removal of debris through the
mechanical action of wiping with a clean wet cloth. Surfaces must
be cleaned of visible soil before they can be disinfected, as soil
and debris interfere with the effectiveness of the disinfectant.
Disinfection refers to the inactivation of disease-producing
microorganisms through wetting of a surface with a disinfectant
wipe saturated with a disinfectant solution, prepared according to
the manufacturer’s instructions for use. To achieve disinfection,
the surface must stay wet for the manufacturer’s recommended
wet contact time.
Spaulding classification is a system used to match the disinfection
and sterilization of equipment with processes and categorizes
equipment as critical, semi-critical, and noncritical, based on the
degree of infectious risks involved in the use of the equipment.
Critical Items pose high risk for infection and includes equipment
used in sterile body tissue or cavities. Sterilization processes
are required.
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Abstract
Point-of-care ultrasound (POCUS) is an important tool for diagnosis and management across
medical specialties. This scoping review consolidates POCUS education literature, examining
how curricula are developed, implemented, and assessed. We identify literature gaps, explore
directions for further research, and provide recommendations for curriculum development,
implementation, and improvement.

Methods
We conducted a scoping review per the framework outlined by Arksey & O’Malley. A systematic
search of the MEDLINE, EMBASE, Cochrane, ERIC, Web of Science, and Scopus databases
was conducted to identify published, English language literature, on POCUS education in
undergraduate or graduate medical training.

Results
Of 6,164 articles identified, 421 were analyzed in depth. Curricular content included diverse
diagnostic and therapeutic applications, varying significantly by specialty. Teaching modalities
included in-person didactics (74%), human models (58%), simulation (33%), and web-based
didactics (18%). Several studies showed better outcomes for structured vs. apprenticeship
curricula, hands-on teaching vs. didactic lectures, and human models vs. simulators. Web-based
didactics were as effective as in-person didactics and conveyed benefits in reusability, cost, and
instructor time. Dedicated electives and boot-camps were identified as effective. Few curricula
assessed knowledge retention (5%), clinical decision making (3%), learner behavior (12%), or
patient outcomes (6%).

Conclusion
Scholarly POCUS education literature is expanding. Curricular content varies and should be
tailored to specialty needs. Structured curricula utilizing hands-on learning, electives, and bootcamps can enhance educational outcomes. Higher-level outcomes such as knowledge retention,
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clinical decision making, learner behavior, and patient outcomes, are lacking and should be a
focus of further research

Resume
L’échographie au point de service (POCUS) est un outil important pour le diagnostic et la gestion
dans toutes les spécialités médicales. Cette étude de portée consolide la littérature éducative
POCUS, en examinant comment les programmes d’enseignement sont élaborés, mis en œuvre
et évalués. Nous identifions les lacunes de la littérature, explorons les directions à prendre pour
des recherches plus approfondies et fournissons des recommandations pour le développement,
la mise en œuvre et l’amélioration des programmes d’enseignement.

Méthodes
Nous avons procédé à un examen de portée conformément au cadre défini par Arksey & O’Malley.
Une recherche systématique dans les bases de données MEDLINE, EMBASE, Cochrane, ERIC,
Web of Science et Scopus a été effectuée afin d’identifier les publications en langue anglaise sur
l’enseignement POCUS dans le cadre de la formation médicale de premier ou de deuxième cycle.

Résultats
Sur les 6 164 articles identifiés, 421 ont fait l’objet d’une analyse approfondie. Le contenu des
programmes d’études comprenait diverses applications diagnostiques et thérapeutiques, variant
considérablement selon les spécialités. Les modalités d’enseignement comprenaient la didactique
en personne (74 %), les modèles humains (58 %), la simulation (33 %) et la didactique basée
sur le web (18 %). Plusieurs études ont montré de meilleurs résultats pour les programmes
structurés par rapport aux programmes d’apprentissage, l’enseignement pratique par rapport
aux cours magistraux didactiques, et les modèles humains par rapport aux simulateurs. La
didactique basée sur le web était aussi efficace que la didactique en personne et présentait des
avantages en termes de réutilisation, de coût et de temps de l’instructeur. Les cours optionnels
et les camps d’entraînement ont été jugés efficaces. Peu de programmes ont évalué la rétention
des connaissances (5 %), la prise de décision clinique (3 %), le comportement des apprenants
(12 %) ou les résultats pour les patients (6 %).

Conclusion
La littérature éducative POCUS est en pleine expansion. Le contenu des programmes d’études
varie et doit être adapté aux besoins spécifiques. Des programmes structurés utilisant un
apprentissage pratique, des cours optionnels et des camps d’entraînement peuvent améliorer les
résultats scolaires. Des résultats de plus haut niveau, tels que la rétention des connaissances, la
prise de décision clinique, le comportement de l’apprenant et les résultats pour le patient, font
défaut et devraient faire l’objet de recherches plus approfondies.
Point-of-care ultrasound (POCUS) has become a valuable clinical
tool for the delivery of patient care across medical specialties. It
is inexpensive, non-invasive, portable, and studies support its
ability to improve patient care by providing timely and accurate
diagnoses,1,2 guiding clinical management,3–11 and increasing
success rates of bedside procedures.12–17
Ultrasonography was first proposed as a clinical tool in
the late 1950s.18 Over the subsequent decades, technological
advances made ultrasound more portable and affordable, paving
Canadian Journal of General Internal Medicine
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the way for its use at the bedside. Initial viability studies in
trauma literature of the 1980s-1990s19–21 demonstrated POCUS’
clinical benefits and led to its expansion across medicine. While
POCUS has become increasingly validated and widespread in
clinical use, numerous studies detail that clinical training in
POCUS is often lacking or highly variable.22–28 Additionally, our
understanding of what constitutes educational best practice in
POCUS is incomplete.
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POCUS is often taught through apprenticeship models
whereby learners undergo “on-the-job” training in clinical settings
by more experienced practitioners. This creates a dependency
on educators’ abilities to convey skills and knowledge, identify
weaknesses, and assess competency, making this model highly
variable. Furthermore, little data is showing its efficacy. Recent
literature has shown the benefits of structured teaching curricula
over apprenticeship models in POCUS education.29–31
Educational bodies32–35 have established recommendations
for content knowledge and competency in POCUS, but do
not provide direction regarding other key aspects of POCUS
education, such as optimal teaching modalities, and methods
of learner assessment and training evaluation. The International
Federation of Emergency Physicians (IFEM)36 provides some
recommendations on curriculum delivery and learner assessment,
but these are minimal compared to their guidelines on content.
There is a robust body of primary literature on POCUS
education, but it is diverse in scope and methodology. Various
reviews have attempted to summarize this literature. Scoping reviews
by Birrane et al.37 and Tarique et al.38 focus on undergraduate
medical education literature and identify themes in curricular
content and learner assessment. A scoping review by Meadley
et al.39 focuses on POCUS education in paramedics to examine
curricular structure. Our scoping review asks: what content is
being taught in POCUS education curricula and how does this
differ between specialties; what training methods are effective;
how are learners evaluated; and what are the gaps in the POCUS
education literature. Our review differs from those above in that
we assess POCUS education literature in both undergraduate
and graduate medical education. Additionally, our review takes
a more specific look at the exact content that is being taught
across specialties. Finally, we look specifically at and summarize
comparative studies to better understand the relative merits of
various teaching modalities. We excluded studies that solely
focused on central line insertion, as this topic has been studied
extensively and summarized in other reviews.40–42 This was done
to ensure the number of included studies was kept at a manageable
number and allowed us to focus more closely on other aspects
of POCUS education. The goals of our study are threefold: (1)
contribute to the understanding of current practices in POCUS
curriculum development, implementation, and assessment, (2)
provide specific recommendations to educators to aid in the
design of POCUS curricula, and (3) discover gaps in the POCUS
education literature and explore directions for further research.

Methods
Our decision to utilize a scoping review methodology was made
after a first look at the literature revealed a study base that was too
heterogeneous in methodology, study population, and objective
14
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to be adequately captured by a systematic review. We decided
that a scoping review would better allow us to capture and
understand the full depth and breadth of the primary POCUS
education literature. We used the scoping review framework
outlined in 2005 by Arksey & O’Malley43 and expanded on by
Levac et al.44 Our strategy is summarized as (a) identifying the
research question (described above); (b) identifying relevant
studies; (c) study selection; (d) charting the data; (e) collating,
summarizing, and reporting the results. This scoping review
methodology was chosen to systematically capture the full depth
and breadth of the existing literature.

Identifying Relevant Studies
A comprehensive search strategy was developed by a medical
librarian (AOC) to identify published, English language literature
on ultrasound education for medical trainees. The initial search
strategy was developed for Ovid MEDLINE by using a combination
of database-specific subject headings and text words; this was
then customized for each subsequent database search.
Searches were conducted between March 9 and 15, 2017
in the following databases: Ovid MEDLINE, Ovid MEDLINE
Epub Ahead of Print and In-Process and Other Non-Indexed
Citations, Ovid EMBASE, Cochrane Database of Systematic
Reviews (Ovid), Cochrane Central Register of Controlled
Clinical Trials (Ovid), ERIC (EBSCOHost), Web of Science
Core Collection, and Scopus. No date limits were applied. See
Appendix I for the full search strategy.
After the initial database search, duplicates were removed,
and an initial title and abstract review were performed (AM),
whereby exclusion criteria were used to eliminate irrelevant
articles. Then, a full article review to assess the viability of the
remaining studies was independently performed (AM, WW),
and disagreements were resolved by consensus.

Inclusion and Exclusion Criteria
Research Methodology
We included primary research (RCTs, cohort studies, and crosssectional studies). We excluded review articles, surveys, case
reports, textbook chapters, conference proceedings, research
in progress, letters to the editor, comments, and unpublished
literature.
We did not assess for study quality as our goal was to
capture the full breadth of existing POCUS education literature.
Additionally, current practice in scoping reviews is to not assess
for study quality.43,44
Point-of-Care Systems
Studies investigating the use of POCUS were included. We
defined POCUS as a “portable ultrasound intended for use at
Canadian Journal of General Internal Medicine
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the patients’ bedside for immediate diagnostic or therapeutic
purposes.” This definition includes “handheld” and “pocketsized” ultrasound. We excluded non-POCUS systems, such
as trans-rectal ultrasound, trans-esophageal echocardiogram,
formal transthoracic echocardiogram, radiology department
ultrasonography, endoscopic ultrasound, and endo-bronchial
ultrasound.

Educational Intervention
Studies that investigated an educational intervention or training
curricula were included. We excluded studies in which there was
no defined educational intervention, or where the educational
intervention was disconnected to the study in question.
Study Population
We included studies that involved undergraduate medical learners,
residents, or fellows. Articles that focused solely on allied health
professions or practicing clinicians were excluded. Studies that
involved combined training of medical students, residents, fellows,
and allied health care or clinicians were included.
Central Line Insertion Studies
We excluded studies that had a sole focus on central venous
access procedures. This topic has been studied and summarized
extensively in prior literature.40–42 We felt that the inclusion
of these studies was unnecessary and could potentially dilute
the value of the other studies. Additionally, the inclusion of
these studies would substantially increase the number of
studies in this review to an unmanageable degree. However,
we decided to include studies that involved central venous
access education as part of a broader POCUS curriculum,
to ensure we did not unjustly eliminate valuable studies on
POCUS curricula.

Charting the Data
Prior to the study analysis, we devised categories under which
study data could be tabulated. These categories were: study date,
journal of publication, study design, type of learner, curricular
content, teaching modality, instructor type, learner assessments,
and training evaluation. Data about these categories were extracted
from the selected articles.
Decisions related to which aspects of POCUS education to
explore in further detail were borne out of patterns that emerged
during a review of the literature, and topics that the authors
found interesting. Given the scoping review methodology we
used, and heterogeneity of the studies included, we did not assess
study quality, nor did we perform statistical analysis on any of
the studies. Instead, we performed a narrative summary of the
studies to help map the landscape of the existing literature base,
Canadian Journal of General Internal Medicine
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form preliminary conclusions on the data found within, and
explore directions for further research.

Results
Search Results
The screening and review process is outlined in Figure 1 using
a PRISMA diagram framework.45 The initial search identified
12,647 articles. After duplicates were removed, 6164 abstracts were
screened. On the initial screen of abstracts, 4,954 articles were
excluded. The remaining 1,210 studies underwent full review by
two independent investigators (AM, WW). The kappa statistic
for agreement between evaluators was 0.663, indicating good
consensus. Disagreements were resolved through discussion,
and 421 studies were included for analysis.
The papers explored in further detail are cited in the body
of this paper. A listing of all studies included in the review is
shown in Appendix 2.

Study Demographics
Types of Studies
There were 269 prospective cohort studies (63.9%), 89 randomized
controlled trials (21.1%), 51 cross-sectional studies (12.1%), and
12 retrospective studies (2.9%).
Journals
The included studies were published in 166 individual journals
(Table 1).
Date of Publication
Dates of study publication revealed major increases in publications
from 1991 to 2017 (Figure 2).
Specialty
Studies were categorized by the specialty of the trainees involved.
Studies involving internal medicine and subspecialty trainees
(nephrology, rheumatology, and cardiology) trainees were
grouped under “internal medicine.” Studies involving surgical
trainees (all specialties) were grouped under “surgery.” Specialties
with few publications, including radiology, pediatrics, physical
medicine and rehabilitation (PM&R), and family medicine, were
grouped into “other.”
We plotted the relative frequency of publications by trainee
specialty over time (see Figure 2). The earliest learners of
POCUS were surgical trainees in the early 1990s. Over the
next decade, the literature on emergency medicine trainees was
the most published. In recent years, the share of publications
in internal medicine, anesthesiology, undergraduate medical
education (UME), and obstetrics and gynecology (OBGYN)
has increased, while the share in emergency medicine has
Volume 15, Issue 2, 2020
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Figure 1. There were 12,467 records were identified from databases MEDLINE, MEDLINE epub & in-process, EMBASE, Central, ERIC, Web of Science, and
Scopus. There were 6843 duplicates, and 6164 titles were screened. We excluded 4954 records based on title review. We assessed 1210 articles in-depth, of
which 421 were included in the final analysis.

declined. Currently, the largest share of POCUS education
literature is in UME.

Curricular Content
Determining relevant content is essential in developing effective
curricula. We analyzed the content of the 421 included studies.
Content included ultrasound ‘fundamentals’ (226 studies, 54%),
cardiac (188, 45%), abdominal (141, 33%), pelvic (122, 29%),
vascular (111, 26%), procedural (104, 25%), pulmonary (80,
19%), MSK (62, 15%), genitourinary (62, 15%), head and neck
16
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(39, 9%), and ocular (17, 4%) ultrasound. A detailed breakdown
of specific content and the variation between specialties is shown
in Appendix 3 and Appendix 4.

Anatomy/Physiology Learning
Fourteen studies employed POCUS to teach anatomy or
physiology.46–59 Nine studies revealed improved anatomy and
physiology knowledge after POCUS teaching.46,50–53,55–58 Four
studies only looked at subjective measures such as learner
satisfaction and confidence.47–49,54 Five studies employed control
Canadian Journal of General Internal Medicine
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Table 1. Journals in which the 421 analyzed studies were published.

Journal

# of citations

Journal of Ultrasound in Medicine

31

Journal of Emergency Medicine

18

Critical Ultrasound Journal

15

Academic Emergency Medicine

13

Academic Radiology

10

Journal of the American Society of
Echocardiography

10

The Western Journal of Emergency Medicine

10

Medical Education

9

Regional Anesthesia & Pain Medicine

9

Journal of Surgical Education

9

Journal of Trauma-Injury Infection & Critical Care

8

American Journal of Emergency Medicine

7

Anatomical Sciences Education

7

BMC Medical Education

7

Ultrasound in Obstetrics & Gynecology

6

Annals of Emergency Medicine

6

Echocardiography

6

Anaesthesia

6

Simulation in Healthcare: The Journal of The Society
for Medical Simulation

5

Teaching & Learning in Medicine

5

Journal of Clinical Anesthesia

5

Journal of General Internal Medicine

4

Canadian Journal of Anaesthesia

4

Anesthesiology

4

Critical Care Medicine

4

Advances in Physiology Education

4

Journal of Graduate Medical Education

4

Internal & Emergency Medicine

4

Other

191
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groups,51–53,56,59 comparing ultrasound to cadavers,52,53,56 and
traditional anatomy teaching programs.51,59 These studies did
not find a significant improvement in anatomy and physiology
knowledge with ultrasound training compared to controls.

Teaching Modalities
Teaching modalities are how content is delivered. We were
interested in which modalities were being used to teach POCUS
and their comparative efficacy. Fifteen teaching modalities were
identified (Figure 3). Commonly employed modalities were
in-person didactics (313 studies, 74%), human models (244,
58%), simulators (140, 33%), web-based didactics (76, 18%),
live demonstrations (76, 18%), and clinical exposures (72, 17%).
Many studies analyzed the comparative effectiveness of various
teaching modalities. We took a narrative approach to discussing
these comparisons.

Structured Training versus Apprenticeship Model of Learning
Structured training and apprenticeship training were compared in
12 studies.29–31,60–68 Outcomes included knowledge,29–31,60,61,63,65–68
image acquisition,29–31,61,63,65–68 image interpretation,29–31,65–67
procedural skills,62,63,65 and confidence.29–31,61,66,68 Ten studies
showed significantly better outcomes with structured training
curricula than apprenticeship models,29–31,60–64,67,68 while one
study showed a trend towards improved outcomes,66 and one
study did not find any difference.65
Web-Based Didactic versus In-Person Didactic Training
Web-based and in-person didactic training was compared in
9 studies.69–77 Outcomes included knowledge,69,70,72–75,77 image
acquisition,72,74,77 image interpretation,69,70,73–75,77 procedural
skills,71 clinical decision making,72 and confidence.75,77 Eight
studies found no difference in outcomes between web-based
and in-person didactics.69–71,73-77 The remaining study found
no difference with novices, but inferior outcomes for web-based
training with more experienced learners.72
Didactic Training versus Hands-On Training
Hands-on training included training with human models,
simulators, clinical training, or cadavers, and was included in
96% of studies. Hands-on training was compared to didactic
training in 8 studies.31,77–83 Measured outcomes included
knowledge,31,77–80,82,83 image acquisition,31,77–80,82 image
interpretation,31,77,78,82,83 confidence,31,77,78,80 and procedural
skills.81 Four studies found that hands-on training alone, or
hands-on training combined with didactic training had better
outcomes than didactic training alone.78,79,81,82 One study found
that hands-on training alone was equivalent to didactic training
plus hands-on training.77 One study found that didactic plus
Volume 15, Issue 2, 2020
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Figure 2. Total number of publications in POCUS education (vertical bars) and the share of publications by specialty
(lines) from 1991 to 2017. The number of publications in POCUS education has increased exponentially from
1991–2017. Over that time, the share of POCUS education literature has shifted from surgery and emergency
medicine to undergraduate medical education (UME), internal medicine, and anesthesiology.

Figure 3. Teaching modalities identified in the 421 analyzed studies. In-person didactics, human models, and simulators are
the most commonly used teaching modalities.
18
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hands-on training was superior to hands-on training alone,83
and two studies did not find any difference in outcomes.31,80
No studies found that didactic training alone was superior to
hands-on training alone.

Simulation Training versus Human Model Training
Simulators and human models were compared in 11 studies.69,84–93
Outcome measures included knowledge (all studies), image
acquisition,69,84–86,88-93 image interpretation,69,84,85,87–89,92,93 and
confidence.69,84,85,88 Overall, one study showed superior outcomes
with simulation,91 six showed no difference in outcomes,84,85,87,90,92,93
and four showed superior outcomes with human models.69,86,88,89
Several studies found that human models conveyed superior
outcomes in image acquisition,69,86,88,89 even when there was
no improvement in image interpretation or knowledge.69,88
Chung et al.89 found that learners trained on human models had
superior outcomes in image acquisition and interpretation than
their simulation-taught counterparts when tested on a human
model, while the opposite was true when tested on a simulator.
Training with human models and simulators together versus
one modality alone was assessed in three studies,92,94,95 and
no differences were found in image interpretation,92,95 time to
completion,94 or biometric measurements.94
Simulator Fidelity
High-fidelity and low-fidelity simulators were compared in
three studies.96–98 In one study, the high-fidelity simulator was
associated with better learner feedback.96 In the other two studies,
there was no difference in learner feedback.97 knowledge,97 or
procedural skills.98

Twelve studies did not use comparison groups, of which eleven
found positive outcomes.58,77,106–114
Six studies compared peer-led training to expert-led
training.55,56,102–105 Of these, four studies found no difference
between peer-led and expert-led education outcomes.55,56,103,104
Two studies found worse outcomes with peer instructors compared
to expert instructors in learner feedback, time to acquire images,
and OSCE scores.102,105

Curriculum Length
Of the 421 studies analyzed, 341 involved curricula of less than
one month (81%), and 71 were one month or greater (17%). Nine
studies did not specify curriculum length (2%). The average
curriculum was 1.94 months. Three studies assessed whether
curriculum length impacted learner outcomes,5,115,116 and found
that longer curricula led to better outcomes in image acquisition,115
image interpretation,115,116 and knowledge retention.115,116

Feedback
Three studies compared whether providing feedback during
training led to improved outcomes.117–119 All three studies
demonstrated improved outcomes when learners were provided
with feedback. Farjad et al.117 found that addressing errors and
providing correctional advice was associated with improved
skills compared to simply designating whether a procedure had
been performed correctly.

Self-Directed versus Instructor-Led Training
Self-directed training was compared to instructor-led training
in four studies.69,99–101 One study demonstrated significantly
improved outcomes with self-directed learning but did not have
a comparison group.101 The remaining three studies employed
comparison groups. Of these, two found worse outcomes with
self-direct learning,69,99 and one found no difference.100

Electives/Boot-Camps
Dedicated electives and boot-camps were employed in 24 out
of 421 studies (5.7%).51,57,58,65,68,104,116,120–136 All studies reported
positive outcomes, including confidence,51,68,104,120,122,123,125–127,135
knowledge,58,65,68,116,120–127,129,130,132,134–136 image acquisition68,120–127,129,130,134,135
and interpretation,65,116,120–127,129,130,132,134,136 and number of scans
performed.120,121,124,128
Eight studies compared dedicated electives or boot-camps to
standard training.57,65,68,104,129,130,132 Five of these revealed better
outcomes with electives.68,104,129,130,132 In two separate studies,
Jang et al.129,130 found that elective groups performed a threshold
number of scans in a significantly shorter time frame, and had
equivalent image acquisition and interpretation scores compared
to standard training. Maskatia et al.68 found that fellows trained
in an intensive three-day “boot-camp” had superior image
acquisition and interpretation scores than historical cohorts
trained over a longer time.

Peer-Led versus Expert-Led Training
Peer-led training was evaluated in 18 studies.51,55,56,58,77,102–114 Fifteen
studies used medical students as teachers,51,56,58,77,102–109,111–113
two studies used residents,55,110 and one study used a fellow.114

Novel Educational Methods
Two studies introduced novel methods of POCUS education
in the form of ultrasound competitions and an educational
conference.137,138 The educational conference led to improved

Instructors
Ultrasound instructors included attending physicians (348
studies, 83%), residents or fellows (28, 7%), medical students
(17, 4%), and allied-health staff (4, 1%). Fifty-six studies (13%)
did not specify the type of instructor.
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scores in knowledge, image acquisition, and image interpretation.137
The ultrasound competition compared image acquisition skills in
medical students and selected winners for each content group.138

Learner Assessments, Outcomes, and Training
Evaluation
Outcome evaluation is essential to determine curriculum
effectiveness and make improvements. Educators must decide how
and what outcomes to measure, and ensure that these outcomes
provide insight on the value their curriculum is trying to create.

Learner Assessment Methods
Learner assessments included questionnaires and surveys (179
studies, 43%), non-procedural practical examinations (160, 38%),
pre-and-post intervention assessments (134, 32%), comparisons to
control (118, 28%), written examinations (110, 26%), procedural
skills assessments (62, 15%), comparisons to gold-standard tests
(54, 13%), comparisons to experts (49, 12%), OSCEs (33, 8%),
and review of archived images (30, 7%).
Learner Outcomes and Training Evaluation
We assessed learner outcomes by using the Kirkpatrick model139
of training evaluation (Figure 4). This model assesses measured
outcomes to determine the efficacy of a training program,
assigning a numerical score as follows:

• Kirkpatrick I: The degree to which participants find the
training favorable, engaging and relevant to their jobs
• Kirkpatrick II: The degree to which participants acquire
the intended knowledge, skills, attitude, confidence
and commitment based on their participation in the training
• Kirkpatrick III: The degree to which participants apply what
they learned during training when they are back on the job
• Kirkpatrick IV: The degree to which targeted outcomes occur
as a result of the training
Studies that elicited learner enjoyment or satisfaction with the
curriculum were designated as fulfilling Kirkpatrick level I.
Kirkpatrick II was accorded to studies that assessed confidence,
knowledge, image acquisition, image interpretation, knowledge
retention, procedural skills, clinical decision making, anatomy
knowledge, and physical exam skills. Kirkpatrick III was
accorded to studies that assessed learners’ use of ultrasound by
monitoring the number of scans performed or through selfreports. Kirkpatrick IV was accorded to studies that measured
end-outcomes, including changes or improvements in diagnostics,
changes in patient management, procedural success rates, and
patient satisfaction.
Overall, Kirkpatrick I outcomes were assessed in 141
studies (33%), Kirkpatrick II outcomes in 398 studies (95%),
Kirkpatrick III outcomes in 50 studies (12%), and Kirkpatrick
IV outcomes in 27 studies (6%). We took particular interest in

Figure 4. Learner and program outcomes assessed in the 421 analyzed studies, divided by Kirkpatrick levels of training evaluation. The majority of studies
assess Kirkpatrick levels I-II outcomes. Few studies assess Kirkpatrick III-IV outcomes. Even within Kirkpatrick II, few studies assess knowledge retention and
clinical decision making.
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outcomes that we believed were of value, but understudied, and
from which we could present data-driven conclusions; these are
summarized below.

Knowledge Retention
Knowledge retention (Kirkpatrick II) was assessed in 22 studies
(5%).9,31,63,80,83,90,100,106,115,116,140–151 These studies varied in terms
of curriculum length, time to follow-up, method of assessment,
and rates of retention. Twelve studies found that knowledge
was maintained,9,31,63,100,106,116,141–146 seven found a decline in
knowledge,90,115,140,147,148,150,151 and three had mixed results.80,83,149
Of the 12 studies in which learners maintained knowledge,
the average time to follow-up was 5.2 months and the average
number of teaching modalities used was 2.83. Outcomes included
knowledge,9,31,63,106,116,141–146 image interpretation,9,106,116,141-143,145,146
image acquisition,9,31,106,141,144,145 learner confidence,141 psychomotor
skills,63 and procedural skills.100 However, two studies found a
trend towards knowledge decay.31,144
Of the seven studies that showed a decline in knowledge
retention, the average time to follow-up was 11.75 months,
and the average number of teaching modalities used was 3.0.
Measured outcomes included knowledge (all studies), image
interpretation,115,140,147,148,150,151 image acquisition,150 and learner
confidence.148 Kimura et al.150 discovered striking reductions in
image acquisition, interpretation, and knowledge with an average
follow-up time of 2.9 years for practicing physicians who had
been trained in a 36-month curriculum, to the point where the
average learner would not have passed their final competency
test after only one year of non-use. Hempel et al.151 found that
medical students retained only 20% of knowledge at two weeks
after a didactic presentation. Dulohery et al.148 found that
residents had a significant decline in their ability to differentiate
fluid from air at 22 months after a one-day ultrasound course.
Three studies had mixed results. One study found that
anesthesia residents tested at three weeks follow-up were able to
obtain simpler ultrasound views of the spine, but had a significant
decline in the ability to identify more difficult views.80 Another
study found that theoretical knowledge declined at three months,
but found no decline in procedural skills.149 Finally, one study
compared pre-intervention knowledge and image interpretation
to the same outcomes at six months but did not include an
immediate post-intervention test.83
Learners in curricula that were one day or less tended
to have more knowledge decay than those in curricula more
than one day. Of the former, seven studies revealed a degree of
decay in outcomes (58%), while five did not. Of the latter, two
studies revealed a degree of decay in outcomes (22%), while
seven did not.
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Clinical Decision Making
Clinical decision making (Kirkpatrick II) represents the transition
from acquiring and interpreting images, to make clinical
decisions based on them. Clinical decision making was tested
in 12 of 421 studies (3%).72,126,152–161Learners’ decision-making
skills were assessed through OSCEs,126,154,156–158 and written
tests.72,152,153,155,159,161 Jozwiak et al160 asked residents to perform
bedside echo on ICU patients and graded their hemodynamic
diagnosis and management plan. All studies found improvements
in clinical decision making after POCUS curricula.
Changes in Behaviour
Changes in learner behaviour (Kirpatrick III) was evaluated in
50 studies out of 421 studies (12%).3,6,7,9,10,61,67,68,114,121,124,125,128–
130,132,141,142,162–193
The majority of these studies measured
learner behaviour by determining the amount of POCUS
scans performed after the training period had finished (42,
84%),3,7,10,67,68,114,121,124,128–130,132,142,162–167,169-186,189–193 or through
surveys and questionnaires (8, 6%).6,9,61,125,141,168,187,188 Major
barriers to continued practice of POCUS included difficulties
in obtaining and using equipment6, time constraints,10,170,179 lack
of adequate supervision or continued feedback,6,187 and learner
motivation and confidence.10,172,187 Twelve studies used ongoing
formal assessments,7,114,121,124,128,162,166,167,169,172,178,184 including
web-based upload and review strategies114,121 to encourage
ongoing POCUS use. Five studies61,68,114,129,141 found that formal
POCUS training encouraged subsequent use when compared to
no training,114,141 and apprenticeship models,61,68,129 and one study
found no difference between formal training and apprenticeship
models.67 One study found that longer training curricula led to
more use than a shorter curricula.174
Changes in Diagnoses or Patient Management
Changes in diagnoses and patient management (Kirkpatrick
IV) were assessed in 11 out of 421 studies (3%).3–11,137,138 All
studies demonstrated striking improvements in diagnostics and
patient management (Table 2). Specifically cited diagnostic
improvements included finding new evidence of heart
failure,3,4,11 cardiomyopathy,3 valvular disease,3,4,11 left ventricular
hypertrophy,3,4 previous MI,3 liver metastases,3 and cholelithiasis3;
diagnosing the etiology of dyspnea5,8; verifying the presence
of soft tissue abscesses194; and finding new diagnoses in ICU7
and peri-operative settings9. Cited changes in management
included changes in the immediate management of cardiac
diagnoses,4,11 change in management of dyspneic patients,8
change in referral practices,6,11,61 ordering of formal studies,4,11
changes in perioperative management,9 and changes in the
management of ICU patients.7
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Table 2. Eleven studies detailing the changes in clinical outcomes after implementation of POCUS curricula.
Title

Authors

Impact

Impact assessment of perioperative
point-of-care ultrasound training on
anesthesiology residents.

Ramsingh D, Rinehart J, Kain Z,
Strom S, Canales C, Alexander
B, Capatina A, Ma M, Le KV,
Cannesson M.

New pathology identified: 31% of patients
Change in management: 71% of patients

Model Point-of-Care Ultrasound
Curriculum in an Intensive Care Unit
Fellowship Program and Its Impact on
Patient Management.

Killu K, Coba V, Mendez M,
Reddy S, Adrzejewski T, Huang
Y, Ede J, Horst M.

New diagnosis made: 65% of patients
Change in management: 37% of patients

Lung ultrasound in internal medicine:
training and clinical practice.

Mozzini C, Fratta Pasini AM,
Garbin U, Cominacini L.

Change in management: 59% of patients
Change in immediate management: 33%
of patients

Focused bedside ultrasonography by
clinicians: experiences with a basic
introductory course.

Hillingso JG, Svendsen LB,
Nielsen MB

Clinicians reported changing clinical
approach: 47%
Clinicians reported changing
workup/diagnosis: 44%
Clinicians reported changing referral
patterns: 23%

Diagnostic influence of routine pointof-care pocket-size ultrasound
examinations performed by medical
residents.

Andersen GN, Graven T,
Skjetne K, MjÃ¸lstad OC,
Kleinau JO, Olsen Ã˜, Haugen
BO, Dalen H.

Change in, verification of, or additional
diagnoses made: 41% of patients

A pilot study of the clinical impact of
hand-carried cardiac ultrasound in the
medical clinic.

Croft LB, Duvall WL, Goldman
ME.

Diagnostic improvements made: 14%-39%
of patients
Management decisions reinforced: 36% of
patients
Management decisions changed: 40% of
patients.

Focused cardiac ultrasound by
unselected residents-the challenges.

Ruddox V, Norum IB, Stokke
TM, Edvardsen T, Otterstad JE

Diagnoses changed: 30% of patients

ABSCESS: applied bedside sonography
for convenient evaluation of superficial
soft tissue infections.

Squire BT, Fox JC, Anderson C

Diagnoses changed: 17% of patients
(correct in 94% of these cases)

Focused cardiac ultrasound is feasible
in the general practice setting and
alters diagnosis and management of
cardiac disease.

Yates J, Royse CF, Royse C,
Royse AG, Canty DJ

Management changed: 15% of patients

Impact of pocket ultrasound use by
internal medicine housestaff in the
diagnosis of dyspnea.

Filopei J, Siedenburg H, Rattner
P, Fukaya E, Kory P.

Improvement in diagnostic accuracy: 5%

Impact of high-fidelity transvaginal
ultrasound simulation for radiology on
residents’ performance and
satisfaction.

Ahmad R, Alhashmi G, Ajlan A,
Eldeek B

Reduction in repeat scans needed
(8/month to 1/month)
Decreased referrals to attending
physicians (4/month to 1/month)
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Procedural Success Rates
Fifteen studies (4%) measured the success rates of various ultrasoundguided procedures (Kirkpatrick IV) completed by residents after
undergoing POCUS education.16,62,81,181,195–205 Procedures included
ultrasound guided regional anesthesia,81,181,195,196,198–200,202,204
paracentesis,16 vascular access,62,201,203,205 and renal biopsy.197
Eleven studies found improvements in procedural success after
an ultrasound curriculum compared to controls,16,62,81,195-201,205
two found no difference in outcomes compared to controls,202,203
and two found positive outcomes, but did not use controls.181,204
Specific improvements in outcomes included rates of successful
anesthesia,81,181,196,198–200,204 fluid aspiration,16 vein and artery
cannulation,62,201,205 tissue retrieval,197 time to procedure
completion,16,181,195,196,199–201,204,205 errors or complications,16,197,200,204,205
number of insertions or attempts,16,195,196,204,205 amount of
anesthetic used,200 and patient feedback.195,196,199
Patient Feedback
Patient feedback (Kirkpatrick IV) was elicited in four out of
421 studies (1.0%).64,195,196,199 These studies looked at patient
satisfaction nerve block procedures,195,196,199 and patient comfort
with transvaginal ultrasound.64 All studies demonstrated improved
feedback when ultrasound was used compared with controls.

Discussion
This scoping review assesses the current literature on POCUS
education for medical trainees. We describe the specific content
taught to learners across medical specialties, the teaching modalities
used – with a focus on studies that compare modality efficacy,
learner assessment methods, outcomes assessed in training
evaluation, and trends in the literature.
POCUS education literature has increased substantially
over the past few decades, especially in UME, anesthesiology,
and internal medicine. This pattern is reflective of POCUS’
increasing use and validation across clinical settings. For
example, Lichtenstein’s206,207 work in the late 1990s to study and
validate pulmonary ultrasonography opened up an entire field
of diagnostics that is now widely taught in internal medicine
and critical care. We believe there is room for continued growth
in specialties with relatively little published POCUS education
research to date, such as family medicine and PM&R.
In developing POCUS curricula, educators must first identify
clinically relevant content specific to the target specialty. Our
review summarizes the content being taught across specialty,
identifying significant variation. Curriculum designers can use
our review as a starting point to identify appropriate content for
new curricula or to adjust existing curricula.
Educators must decide on the modalities of education delivery.
The majority of studies in our review show that structured
Canadian Journal of General Internal Medicine
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curricula perform better than apprenticeship models. Didactic
training is the most commonly used modality, but we have found
that hands-on training is important for the transfer of physical
skills. Web-based didactic learning is non-inferior to in-person
didactics in most studies comparing the two, which is appealing
given its low cost, reusability, and instructor time savings.
Simulators and human models are the most commonly applied
hands-on methods; both appear to be equivalent for teaching
image interpretation and knowledge. However, human models
appear to be superior for teaching image acquisition. This may
be because most simulators are built to present images as they
appear under ideal conditions. Variations in patient anatomy
and physiology alter ultrasound acoustics and confound images.
Teaching hands-on skills with human models allow for a more
accurate representation of the conditions present in real patients.
The disadvantages of human models include increased cost
and the absence of clinical pathology. Clinical electives, and
using standardized or real patients with known pathologies,
are potential solutions.
Curricula in our review ranged from half-day sessions to
longitudinal programs of four years. Although longitudinal curricula
appear to be associated with better outcomes, they come with
increased cost, time commitment, and organizational challenges.
Promise has been shown with short-term, intensive programs
(i.e., boot-camps) and clinical electives as less resource-intensive
alternatives. Attending physicians are the primary instructors in
POCUS. Although self-led and peer-led teaching is appealing, we
found mixed outcomes. Further research in this area is warranted.
Curriculum designers must evaluate the efficacy of their
curricula. POCUS requires users to be able to independently
acquire images, correctly interpret those images, and then make
the correct management decision or perform a procedure. We
believe that a minimum evaluative standard should be to target
Kirkpatrick level II outcomes; this ensures that learners gain
clinically relevant skills and knowledge. This scoping review
shows that a majority of studies assess Kirkpatrick levels I-II
outcomes in confidence, image acquisition, interpretation, and
knowledge. However, Kirkpatrick II assessments of knowledge
retention and clinical decision making are lacking. Ongoing use
and practice of skills are essential to maintaining competency and
retaining knowledge. Some studies hypothesize that using more
teaching modalities leads to better retention, but we did not find
this to be true in our review. We have found that longitudinal
curricula tend to result in better knowledge retention, and
recommend this approach to curriculum designers. Curriculum
designers should make knowledge and skill retention a priority,
and implement ongoing assessments to ensure that there is
adequate retention. Evaluation of clinical decision making as
an outcome is also underrepresented in POCUS studies. The
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ability to translate knowledge into actionable clinical decisions is
essential for patient care, making this outcome one that should
be more routinely assessed.
Few studies assess Kirkpatrick level III outcomes (50, 12%),
which is an important measure to determine whether learners
translate knowledge to clinical use. Further research is needed to
determine the best ways to promote ongoing POCUS use. Our
study has identified longitudinal programs and ongoing clinical
assessments as methods that have been used to promote use, but
this comes with increased resource costs. Barriers include time,
training expertise and supervision, and equipment constraints.
More research is needed to determine how to manage these
constraints and how best to promote continued POCUS use.
Studies that assess Kirkpatrick level IV outcomes are likewise
underrepresented (27, 6%). These studies are especially important
since the intention of POCUS is to be used at the bedside to
improve patient care; measuring these outcomes ensures that
POCUS education is meeting its intended purpose. We found
dramatic effects on clinical outcomes in the few studies that
assessed Kirkpatrick IV outcomes. Demonstrating improved
patient care as an outcome can help increase institutional
buy-in, and obtain more funding and resources. Investigators
and educators should make an effort to assess Kirkpatrick III-IV
outcomes when designing and evaluating their curricula.

Conclusion
Educators should take into account many factors when designing
POCUS curricula, including curricular content, modalities of
teaching, learner assessments and training evaluation. Curricular
content varies significantly between specialties and must be
tailored to fit the needs of its specialty. POCUS should be taught in
structured curricula with a combination of didactic and hands-on
learning. Web-based didactic methods are cost-friendly and
effective. Simulators and human models are both viable methods
of hands-on teaching, but human models appear to convey better
outcomes in image acquisition. Novel teaching methods such as
dedicated electives, intensive “boot-camps,” and competitions
are promising methods to deliver POCUS education. There is a
pressing need to go beyond satisfaction outcomes in evaluating
POCUS learning. Educators should target outcomes in knowledge,
image acquisition, and image interpretation. Ideally, outcomes in
knowledge retention, clinical decision making, learner behavior,
and patient care should be sought to provide high-level evidence
of the benefits of POCUS curricula.

Limitations
There are several limitations to our study. We did not include
studies that focused solely on central line insertion, as this area
has been extensively studied and would greatly add to the studies
24
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analyzed in this review. However, central line insertion and
POCUS studies related to them make up a large portion of the
POCUS education literature, and by excluding them, we may
have missed out on valuable insights provided by these studies.
Another limitation is in the narrative interpretation of
study results. As this is a scoping review, we did not formally
assess for study quality. Also, we did not conduct any statistical
analysis of between-group comparisons. As such, the conclusions
reached when comparing different modalities should not be
interpreted as definitive conclusions. Our goal was simply to
form a narrative understanding of what these studies showed
to better understand the literature, formulate preliminary
conclusions, and provide a starting point for further research.
We believe that more statistically robust systematic reviews
would greatly add to the understanding of POCUS education.
Further to this, our study is incredibly broad and attempts to
address every aspect of POCUS education. While this serves to
capture the full breadth of POCUS education literature, a more
focused analysis may have provided more robust conclusions.
Finally, the modalities that we decided to compare and
discuss in further depth were borne out of our ideas generated
during the review of the literature; based on what we thought
was interesting, and what the studies in the literature appeared
to be focused on, as opposed to a theoretical framework or
established precedent. As such, there may be other interesting
areas to analyze that we did not touch on.
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Abstract
Background
The American and Canadian Choosing Wisely campaigns recommend against routine complete
blood count (CBC) and chemistry testing in the face of clinical stability in the inpatient internal
medicine setting.
Problem
Patients on internal medicine units commonly have daily lab tests ordered at admission and lab
testing is often bundled. Four ‘core’ lab tests (CBC, electrolytes, creatinine, and urea) account
for more than half of all lab tests performed.
Methods
The Model for Improvement and the Donabedian framework was used to define the problem,
evaluate the baseline state, and generate targeted improvements. A quality improvement (QI)
initiative consisting of education and process change was implemented on one general internal
medicine unit and multiple plan-do-study-act cycles were carried out. The outcome measure
was the total number of core labs performed, and the process measure was the proportion of
patients with tests ordered on a repeating daily basis.

Results
The initiative led to an 18.9% decrease in the total number of core labs ordered and an 18.2%
absolute decrease in repeating daily lab orders.

Conclusions
A multifaceted QI initiative aimed at reducing unnecessary lab testing was successful at reducing
the number of lab tests ordered and changing lab ordering process.
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Resume
Contexte
Les campagnes américaine et canadienne “Choisir judicieusement” recommandent de ne pas
effectuer de tests de routine de numération globulaire complète (CBC) et de chimie face à la
stabilité clinique des patients hospitalisés en médecine interne.

Problème
Les patients des unités de médecine interne doivent généralement passer des examens de
laboratoire quotidiens à l’admission et les analyses de laboratoire sont souvent regroupées.
Quatre tests de laboratoire “de base” (NFS, électrolytes, créatinine et urée) représentent plus de
la moitié de tous les tests de laboratoire effectués.
Méthodes
Le modèle d’amélioration et le cadre donabédien ont été utilisés pour définir le problème,
évaluer l’état de référence et générer des améliorations ciblées. Une initiative d’amélioration de
la qualité (AQ) consistant en un changement d’éducation et de processus a été mise en œuvre
dans une unité de médecine interne générale et plusieurs cycles “planifier-faire-étudier-agir”
ont été réalisés. La mesure des résultats était le nombre total de laboratoires de base effectués, et
la mesure des processus était la proportion de patients dont les tests commandés se répétaient
quotidiennement.
Résultats
Cette initiative a permis de réduire de 18,9 % le nombre total de laboratoires de base commandés
et de 18,2 % en valeur absolue le nombre de commandes quotidiennes répétitives.

Conclusions
Une initiative d’AQ à multiples facettes visant à réduire les tests de laboratoire inutiles a permis de
réduire le nombre de tests de laboratoire commandés et de modifier le processus de commande
des laboratoires.

Diagnostic testing is a significant driver of rising health care
costs.1 Overuse of lab tests in various clinical settings has been
estimated at 20.6%.2 The Canadian Society of Internal Medicine
and the Society of Hospital Medicine Choosing Wisely campaigns
recommend against routine complete blood count (CBC) and
chemistry testing in clinically stable medical inpatients.3,4
Overutilization and unnecessary lab testing negatively impact
patient experience by contributing to iatrogenic anemia and
discomfort.5 Volume of phlebotomy is independently associated
with the development of iatrogenic anemia.6 Hospital-acquired
anemia is associated with increased length of stay and hospital
readmission rates.7 Furthermore, phlebotomy is painful and
causes anxiety.
Research shows that residents are more likely to order
unnecessary lab tests than hospitalist physicians.8 Educating
residents about the harms and costs of unnecessary lab testing to
reduce excess lab ordering has been unsuccessful used in isolation.9
Multiple research groups have implemented multifaceted QI
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interventions that have proven successful at reducing unnecessary
lab testing without adverse safety consequences.10–12 However,
previous groups did not use the Model for Improvement and
Donabedian framework, Prosci ADKAR model or Lewin change
management theory to create sustainable changes and transform
institution culture.
The objective of this project performed on an inpatient medical
unit at an academic Canadian hospital was to determine baseline
rates of unnecessary lab testing, to build an understanding of
this problem, and to develop and implement a QI intervention
to decrease unnecessary lab testing on general internal medicine
(GIM) wards. Institution culture was identified as a major cause of
unnecessary lab testing, and through the use of validated change
management strategies, our goal was to change to current culture
at our site. A multidisciplinary project team was established
to promote stakeholder engagement, change acceptance and
sustainability. The QI initiative was multifaceted, consisting of
education and process change, and developed through iterative
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plan-do-study-act (PDSA) cycles. Our a priori expectation was
that the QI intervention would decrease the total number of
CBC, electrolytes, creatinine and urea tests (hereafter referred
to as ‘core labs’) done during a one-year study period by 10%
to reduce patient harm and system costs.

Methods
Study Setting
This project was conducted at a 650-bed teaching and research
hospital in Canada. The hospital has five adult GIM units with
18 beds each, and annual admission of nearly 4000 GIM patients
per year. Unit 5D2 is a clinical teaching unit with an attending
physician, residents and medical students who rotate every
week, four weeks and eight weeks, respectively. The physician
healthcare team is cohorted on one unit. Our institution uses
a combined system of paper charting and an electronic health
record (EHR). Patient care orders and progress notes are written
in the paper chart, and test results are displayed in the EHR. GIM
uses a preprinted admission order set. On this order form CBC,
electrolytes, creatinine, urea and prothrombin time are prewritten
and ordered by marking a checkbox. CBC and prothrombin time
can be selected alone, but electrolytes, creatinine, and urea are
bundled. The clinician has a blank space to write an ordering
frequency of their choice (e.g., daily). Other lab tests must be
written in by hand.
Quality Framework
The Model for Improvement framework was used. Key components
were: baseline process review by a frontline team (defining the
opportunity), QI tool completion and local process data review
(building the understanding), focused aim determination, and
iterative PDSA cycles.13
Quality Team
The multidisciplinary team included a GIM resident, attending
physician, laboratory services representative, unit clerk, registered
nurse, unit manager and QI consultant.
Baseline Lab Data
Laboratory services provided data sorted by test type and location.
Six months of lab tests from 2016 were used for Pareto analysis,
which displays frequency along with a cumulative percentage
to determine which lab tests were ordered most frequently on
GIM units.
Chart Audit
A spot chart audit was performed by one reviewer on the study
unit. Patient charts were eligible for inclusion if they were direct
32
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admissions from the emergency department and had a length of
stay less than or equal to 10 days. Admission orders were reviewed
to determine if lab tests were ordered as the daily frequency at
admission, which tests were ordered, and the duration of daily lab
tests. Subsequent orders were reviewed to determine if daily lab
orders were changed or stopped. Progress notes were reviewed
for comments that addressed lab testing.

Resident Survey
An online survey inquiring about lab ordering practices, specifically
targeting questions around unnecessary lab testing, was emailed
to all residents in the Internal Medicine program. A minimum
response rate of 10% of eligible residents was selected. Response
to the survey was voluntary and anonymous.
Process Mapping
An in-person process mapping session was organized to
generate the cross-functional (swim lane) process map. This
session transparently identified the current process of lab orders
completed by the frontline multidisciplinary team.
Cause-Effect Analysis
An Ishikawa diagram outlining the causes of unnecessary lab
ordering was developed through brainstorming by the QI team
following the chart audit, resident survey, and process mapping
session.
Plan-Do-Study-Act Cycles
A multifaceted intervention was initiated in January 2017.
Discussions with the QI team occurred every four to eight
weeks and changes were made accordingly. Four iterative PDSA
cycles occurred from January to December 2017, as originally
described by Shewhart.14

Measures
The Donabedian model of structure, process and outcome was
used for evaluation.15 The outcome measure selected was the
volume of the four most frequently ordered lab tests – CBC,
electrolytes, creatinine, and urea (core labs) – done on unit
5D2. Laboratory Services provided a database with all lab tests
done on internal medicine units from January 2016 to February
2018. The process measure was the percentage of patients on the
study unit who had core labs ordered on a repeating daily basis
and was available from February to December 2017. This was
obtained from the lab Kardex by dividing the total number of
admitted patients by the number of patients with lab tests ordered
as daily. Balance measures included length of stay, readmission
rates, and 30-day mortality.
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Analysis
The outcome measure and process measure were graphically
analyzed using a run chart.16 Cost savings were calculated by
volume reduction of core labs one-year postintervention compared
to one-year preintervention based on reference median test costs
at six Canadian diagnostic sites.

Ethics and Reporting
The ARECCI ethics screening tool was used to determine the
level of ethical review required for this project.17 The ARECCI
score was one, such that the project involves minimal risk and
no ethics board review was required. The SQUIRE 2.0 statement
was used to develop this manuscript.18

Results
Baseline Lab Data Analysis
Pareto analysis of six months of lab data from 2016 identified
the four most frequently ordered lab tests on GIM wards: CBC,
electrolytes, creatinine, and urea (core labs). As a proportion of all
lab tests done on GIM wards, CBC comprised 19%, electrolytes
14%, creatinine 13%, urea 11%, prothrombin time 4% and all
other lab tests 39%.
Chart Audit
Thirteen charts met inclusion criteria for the spot chart
audit. In 9/13 (69%) charts, lab tests were ordered “daily” at
admission. Four of nine were ordered daily indefinitely, 4/9
were ordered as “daily x 3” and 1/9 was ordered as “daily x 2”.
Daily lab testing was always bundled. Nine of nine (100%)
daily lab test orders included all core labs. On review of the
progress notes, only one note was identified that explicitly
addressed daily lab testing.
Resident Survey
Thirty-eight of 101 (38%) internal medicine residents responded
to the survey. Ninety-seven percent of residents order CBC daily
at admission in greater than 75% of patients. Upon transfer of
admitted patients to the wards, 68% of residents always review
lab orders. Fewer than 30% of residents always review lab orders
on daily rounding. With regards to unnecessary lab ordering,
95% of residents admit to ordering unnecessary lab tests at
least once per week and 92% feel inappropriate lab testing is
a problem at our institution. When asked why residents order
unnecessary lab tests, the most commonly cited reason was
institution culture. Other reasons included a lack of ordering
guidelines, concern about missing something, the design of the
preprinted admission order set and fear of receiving a negative
performance review.
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Process Mapping
The detailed steps of provider and patient roles in lab test
ordering are outlined in the cross-functional map (Figure 1). An
important finding from this mapping session was that physicians
are often unaware which lab tests have been ordered until the
test results are displayed in the EHR, but the unit clerk keeps
a record of all pending patient lab tests and records this in the
lab Kardex, a word document kept on the unit computer and
updated daily. Through this mapping session, it was apparent
that the lab Kardex was not available to physicians, despite the
useful information it contained, and many physicians were
unaware of its existence.

Cause-Effect Analysis
Many factors leading to unnecessary lab testing were identified,
which stemmed from the patient, the process, residents and the
equipment and forms used (diagram not shown). Important root
causes were: labs were frequently ordered daily at admission, lab
order frequency was not formally reassessed on rounds, residents
were unaware of upcoming lab tests, residents lacked education
about the harms of unnecessary lab testing, communication gaps
existed within the patient care team, and preprinted admission
order sets drive recurrent ordering of bundled tests.

QI Intervention Development and Implementation
A multifaceted intervention consisting of education and
process changes was developed and implemented on unit
5D2 in January 2017 and is summarized in Table 1. Monthly
education was provided to students, residents and attending
physicians by an email, a poster displayed on the unit, and an
in-person presentation. Education of the harms of unnecessary
lab testing and the process changes occurring on the unit was
provided. Multiple process changes were implemented during
the intervention. The research team met regularly to discuss the
successes and shortcomings of the interventions, and changes
were made as required.
The first PDSA cycle involved education and a daily printout
of the lab Kardex to be reviewed on physician rounds. The lab
Kardex was put directly onto the doctor’s clipboard for daily
review. The second PDSA cycle involved weekly follow-up on the
unit by a member of the QI team to provide ongoing education.
In the third PDSA cycle, daily orders on the lab Kardex were
highlighted. The fourth PDSA cycle added an auto-substitution
label that was placed onto the order sheet by the unit clerk when
labs were ordered on a recurring daily basis and were substituted
for “daily x 3 days” when signed by a physician. Formal education
ended in July, but the use of the lab Kardex, highlighting daily
orders and the auto-substitution label is ongoing.
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Figure 1. Cross-functional (swim lane) process map generated by a multidisciplinary team. Each provider and patient role in the
process of lab ordering was mapped. Areas identified for improvement are marked as pain-points. Each role is displayed in a swim
lane, process steps that always occur are displayed as solid arrows and steps that only sometimes occur are displayed as dashed
arrows. PP = pain-point; syringe = patient phlebotomy; Pt = Patient; Dr = Doctor; EMR = electronic medical record; req = requisition.
Table 1. Multifaceted quality improvement intervention on study unit 5D2
during 2017. Monthly education involved an email to all medical staff, a
unit poster and an in-person presentation. The lab Kardex lists all patients
on the unit and the lab tests that have been ordered for each patient.
Weekly follow-up was done early in the intervention. In March lab tests
ordered as daily were highlighted on the lab Kardex for closer review by the
medical team. After June an auto-substitution label was pasted onto the
order sheet by the unit clerk when labs were ordered as daily. This replaced
“daily” orders with “daily x 3 days” once signed by a physician.

Date (2017)

Intervention

January – June

Monthly education

January – ongoing

Lab Kardex printed daily

February – April

Weekly follow up on unit

March – ongoing

Highlight daily orders

June – ongoing

Auto-substitution label

Measures
The volume of core labs performed on unit 5D2 during the study
period decreased following the quality improvement intervention.
A run chart of the outcome measure shows a downward shift
following the intervention (Figure 2). The median volume of core
34

Volume 15, Issue 2, 2020

CJGIM_V2_2020_174310.indd 34

labs every four weeks preintervention was 2768.5, compared to
2245.5 postintervention, which represents an 18.9% decrease.
Each of the four core labs measured individually displayed the
same trend towards decreased ordering over time (data not
shown). The percentage of patients on the unit that had lab
tests ordered as daily showed a significant reduction from the
beginning of the intervention to the implementation of the last
PDSA cycle. Initially, 23.7% of patients had daily lab orders
but following the intervention a median of 5.5% of patients
had daily lab orders, which represents an absolute decrease of
18.2%. (Figure 3). Balance measures were not available for unit
5D2, but no adverse effects were seen at a division or institution
level with respect to the length of stay, readmission rates and
30-day mortality (data not shown). Neither the staff on the unit
nor Laboratory Services noted any unintended consequences.

Cost Savings
The decreased total volume of core labs on unit 5D2 in the year
following the intervention represents cost savings of $15,049 CAD.

Limitations
The outcome and process measures were based on change over
time, which assumes that the study unit remains constant. In
reality, a GIM unit is in constant flux, with patient turnover
occurring daily, medical illnesses varying seasonally, and medical
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Figure 2. Run chart of the outcome measure pre- and postintervention. The total number of core labs (CBC, electrolytes,
creatinine, and urea) performed on the study unit from January 2016 to February 2018 is shown. The quality improvement
intervention started in January 2017 and the last PDSA cycle started in June 2017. The median volume of lab tests done every
four weeks preintervention was 2768.5 tests compared to 2245.5 following the start of the intervention, which represents
a 18.9% decrease.

staff rotating weekly. To mitigate the variable nature of the GIM
unit we studied our measures for a one-year preintervention
and more than one-year postintervention to allow variation
to regress to the mean over time so that variability should not
confound our observations.
The aim of this project was to decrease unnecessary lab testing,
but there are no validated tools to determine the necessity of a
lab test; furthermore, a very labour-intensive chart review would
be required, and necessity is challenging to assess retrospectively.
There is extensive literature confirming that unnecessary lab testing
is a ubiquitous problem in internal medicine units.3,4 A survey
of residents at our institution demonstrated that unnecessary
lab testing is a problem based on their experiences, and a chart
review showed a variety of lab ordering practices that lacked
clinical relevance. Based on this evidence we determined that
unnecessary lab testing was an issue at our institution, and we
assumed that a decrease in the total volume of lab tests performed
without any adverse consequences was representative of fewer
unnecessary tests.
This quality improvement intervention was carried out on a
clinical teaching unit staffed by residents and medical students.
Evidence shows that resident physicians order more tests than
Canadian Journal of General Internal Medicine
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attending physicians.8 The generalizability of our intervention to
a non-teaching unit, therefore, has limitations and may require
modification for spread to other units and other hospitals.
Evaluation of the current state and stakeholder engagement will
be required for future project spread and sustainability and is
currently underway.

Discussion
A multifaceted quality improvement intervention consisting of
education and process change was developed with the goal of
building awareness about unnecessary lab ordering and changing
the culture at our institution. In order to create stakeholder
engagement, we created a multidisciplinary QI team to jointly
develop the quality improvement intervention. A reduction in
the volume of core lab testing by 10% over a one-year study
period on GIM unit 5D2 was targeted. With successive PDSA
cycles, the total number of core labs done on the study unit
decreased by 18.9%.
To create a sustainable change, the process of lab ordering
needed modification. By educating physicians and making the
lab Kardex available for daily patient rounds, we were able to
decrease the occurrence of future recurring labs, or daily orders.
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Figure 3. Run chart of the process measure postintervention. The percentage of patients on the unit with daily lab test orders
from February 2017 to December 2017 is shown. The quality improvement intervention started in January 2017 and the
last PDSA cycle started in June 2017. At the beginning of the intervention, 23.7% of patients were receiving daily lab tests,
compared to 5.5% following the final PDSA cycle.

With the reduction in lab testing following our intervention, we
observed annual cost savings on unit 5D2 of $15,049 CAD. This
represents projected annual cost savings on all five GIM units
of $86,725 CAD annually with the spread of this project and
does not account for other lab tests which may have followed a
similar decline. There were no unintended adverse outcomes.
Despite formal education ending in July 2017, the unit staff has
continued to educate incoming students and residents about this
QI initiative on unit 5D2 and use of the lab Kardex. This has led
to sustainable decreases in the outcome and process measures
which are observed many months following the intervention.
The Institute for Healthcare Improvement (IHI) uses the
Model for Improvement framework to implement and spread
sustainable changes in the healthcare setting,13 which we applied
to this project. Creating a multidisciplinary team and building
an understanding of the problem at our institution were critical
early steps for the successful implementation of this initiative.
Multidisciplinary process mapping identified a communication
gap between clinicians and the unit clerk, and a bridge for this
gap – the lab Kardex. In fact, the unit clerk realized this document
was already in existence and could easily be printed and placed
36
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on the doctor’s clipboard for daily patient rounds. In doing
this, we created stakeholder engagement, change acceptance
and a sustainable process change. Pareto analysis of lab data
identified the most frequently ordered lab tests on GIM units.
As expected, these are the same tests that can be selected on the
preprinted admission order set. Therefore, the volume of these
tests done on unit 5D2 was selected as our outcome measure.
A chart audit and resident survey demonstrated that labs are
frequently ordered as future recurring events; thus, the ordering
labs on a recurring daily basis was used as our process measure.
Various quality improvement tools allowed us to define our
system’s current state and identify areas for improvement. A
major issue was that institution culture is a driving force behind
unnecessary lab ordering. Changing institution culture is very
challenging, so a deliberate sequence of quality improvement
interventions was created in iterative PDSA cycles based on the
principles of the Prosci ADKAR model for change and the Lewin
change model to support permanent change management.19,20
The first iteration of our intervention consisted of monthly
education to build awareness and create a desire for change. The
lab Kardex provided clinicians with the knowledge to change and
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encouraged them to trust their abilities as physicians to perform
mindful lab ordering. In subsequent PDSA cycles weekly follow-up,
highlighting daily orders and an auto-substitution label was used
to promote further knowledge, ability, and reinforcement of the
change. These initial PDSA cycles provided perspective to the
healthcare team about the routines and culture that surrounded
lab ordering practices at our institution previously and presented
new methods to support their abilities as healthcare providers.
Since then we have made changes to the admission order set that
will reinforce the change and support sustainability. The new
admission order set unbundles all lab tests, removes the urea test
as a preprinted option and allows the physician to select from
various finite frequencies. This form will be used by all GIM units,
selected subspecialty units, and the family medicine service. Daily
printing of the lab Kardex has been spread to all five GIM units.
By 2020, our institution will be transitioning to a complete
EHR for patient care orders and for test results. Based on the
present study, and the work of previous groups,21 bundlings of lab
orders and future recurring tests within the EHR will be limited.

Conclusions
Following the Model for Improvement and the Donabedian model
provided a systematic approach for the frontline multidisciplinary
team to define the opportunity and build process understanding.
The initiative led to an 18.9% decrease in the total number of
core labs ordered and a significant decrease in repeating daily
lab orders. Change interventions supported by measurement
to determine change impact and stakeholder engagement were
generated. This framework provided the foundation for change
acceptance, sustainment and QI project success. With this
multifaceted quality improvement initiative, we have created a
sustainable intervention to reduce unnecessary lab testing, with
plans to spread to multiple units at our institution and beyond. This
has the potential to reduce patient harm and create cost savings.

REFERENCES

1. Stuebing EA, Miner TJ. Surgical vampires and rising health care expenditure:
Reducing the cost of daily phlebotomy. Arch Surg. 2011;146:524-527.
2. Zhi M, Ding EL, Theisen-Toupal J, Whelan J, Arnaout R. The landscape
of inappropriate laboratory testing: A 15-year meta-analysis. PLoS One.
2013;8:e78962.

Canadian Journal of General Internal Medicine

CJGIM_V2_2020_174310.indd 37

3. Society of Hospital Medicine. Five things physicians and patients should
question. http://www.choosingwisely.org/societies/society-of-hospitalmedicine-adult/. Published 2013.
4. Canadian Society of Internal Medicine. Five Things Physicians and Patients
Should Question.; 2018. https://choosingwiselycanada.org/internal-medicine/.
5. Thavendiranathan P, Bagai A, Ebidia A, Detsky AS, Choudhry NK. Do
blood tests cause anemia in hospitalized patients? The effect of diagnostic
phlebotomy on hemoglobin and hematocrit levels. J Gen Intern Med.
2005;20:520-524.
6. Salisbury AC, Reid KJ, Alexander KP, et al. Diagnostic blood loss from
phlebotomy and hospital-acquired anemia during acute myocardial
infarction. Arch Intern Med. 2011;146:524-527.
7. Lin RJ, Evans AT, Chused AE, Unterbrink ME. Anemia in general medical
inpatients prolongs length of stay and increases 30-day unplanned
readmission rate. South Med J. 2013;106:316-320.
8. Ellenbogen MI, Ma M, Christensen NP, Lee J, O’Leary KJ. Differences in
Routine Laboratory Ordering Between a Teaching Service and a Hospitalist
Service at a Single Academic Medical Center. South Med J. 2017;110:25-30.
9. Melendez-Rosado J, Thompson KM, Cowdell JC, et al. Reducing unnecessary
testing: An intervention to improve resident ordering practices. Postgrad Med
J. 2017;93:476-479.
10. Attali M, Barel Y, Somin M, et al. A cost-effective method for reducing the
volume of laboratory tests in a university-associated teaching hospital. Mt
Sinai J Med. 2006;73:787-794.
11. Corson AH, Fan VS, White T, et al. A multifaceted hospitalist quality
improvement intervention: Decreased frequency of common labs. J Hosp
Med. 2015;10:390-395.
12. Yarbrough PM, Kukhareva P V., Horton D, Edholm K, Kawamoto K.
Multifaceted intervention including education, rounding checklist
implementation, cost feedback, and financial incentives reduces inpatient
laboratory costs. J Hosp Med. 2016;11:348-354.
13. Langley G, Moen RD, Nolan KM, Nolan TW, Norman CL, Provost LP. The
Improvement Guide: A Practical Approach to Enhancing Organizational
Performance (2nd Edition).; 2009.
14. Best M, Neuhauser D. Walter A Shewhart, 1924, and the Hawthorne factory.
Qual Saf Heal Care. 2006;15:142-143.
15. Donabedian A. The quality of medical care. Science (80- ). 1978;200:856-864.
16. Perla RJ, Provost LP, Murray SK. The run chart: a simple analytical tool for
learning from variation in healthcare processes. BMJ Qual Saf. 2011;20:46-51.
17. Hagen B, O’Beirne M, Desai S, Stingl M, Pachnowski CA, Hayward S.
Innovations in the Ethical Review of Health-Related Quality Improvement
and Research: The Alberta Research Ethics Community Consensus Initiative
(ARECCI). Healthc Policy. 2007;2:e164-77.
18. Ogrinc G, Davies L, Goodman D, Batalden P, Davidoff F, Stevens D. SQUIRE
2.0 ( Standards for QUality Improvement Reporting Excellence ). Am J Med
Qual. 2015;25:986-992.
19. Boca GD. Adkar Model Vs . Quality Management Change. In: International
Conference “Risk in Contemporary Economy.” ; 2013:246-563.
20. Lewin K. Frontiers in Group Dynamics: Concept, Method and Reality
in Social Science; Social Equilibria and Social Change. Hum Relations.
1947;1:5-41.
21. May TA, Clancy M, Critchfield J, et al. Reducing unnecessary inpatient
laboratory testing in a teaching hospital. Am J Clin Pathol. 2006;126:200-206.

Volume 15, Issue 2, 2020

37

21/04/20 11:34 PM

Casebook of a Community Internist

Gas
Hector M Baillie

About the Author
Hector Baillie is a General Internist in Nanaimo, BC and the founding editor of the Canadian Journal of General Internal Medicine.
Submitted: November 7, 2019. Accepted: November 17, 2019. Published: May 1, 2020. DOI: 10.22374/cjgim.v15i2.406

Part of my training was in anaesthesia. I’d finished post-grad
training in medicine, and wasn’t sure of my next step. I wanted
hands-on practical work. My year in anaesthesia taught me acute
pathophysiology, regional neuroanatomy, airway management
and quick-acting pharmacology. There was a great group of
residents and teachers in Winnipeg: it was a learning curve I’ve
always valued.
Intubation is a procedure that deserves great respect.
For most of my career, I used it to secure a safe airway when
respiratory collapse was imminent (the arrest, overdose, or
shocked patient), but in training we took healthy people, fully
conscious, and carefully led them into a pleasant oblivion. A
restful passage across the Lethe (yes, the first anesthetic agent
bore this name), to awaken pain-free in recovery, all systems
functional. Of course, there is excitement from time to time:
the crash induction, the difficult airway, hyperthermia and
awareness - to name a few.
I do recall the chap with quinsy, a retro-pharyngeal
abscess, who got his sedation and paralysis, but was less than
accommodating with cord visualization. I lost quite a bit of
weight in sweat that day, for sure. And the forceps delivery that
turned out to be challenging: the heart rate of 140 didn’t belong
to the baby, but to the mother with the perforated uterus. From
the Women’s Pavilion to the ICU, through underground tunnels,
was an exciting rush, with patient tubed and blood running.
My strongest memory was the 9th of November, a Friday. I
was slated to be on call Sunday, but the weather forecast was for
snow. Lots of it. Saturday came along, and it was a white out.
Nine foot snowdrifts, buried cars, completely blocked roads.
I called in to the hospital to pre-warn them of my inevitable
absence. There surely would be no elective work, and me
staying home would be forgiven. “Oh, no worries, we’ll let the
police know.” This seemed a bit much, I didn’t think ‘weather’
was an indictable offence. “Someone will drop by tomorrow,”
she added. I had a vision of a police snowplough coming by
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in the afternoon, you know, to clear my driveway and come in
for a cup of tea.
It was 5:30 am when the doorbell rang. I opened the door
to a man dressed in black from head to toe, a sort of Manitoban
Darth Vader - helmet, attitude and all. “Do you know who I
am?” he queried in a deep menacing drawl. “The Avon Lady?” I
suspect his visor concealed a wry smile. Within minutes I was
dressed in greens, heavy winter boots and parka, sitting astride
a snowmobile, and heading off to work. He reveled in the
freedom of unchecked speed and irrelevant road-signs, blazing
through powder snow, the solitary pathfinder on Academy and
Sherbrooke. I arrived at Winnipeg General early, as did everyone
else on-call. The night staff, on the other hand, were out of luck.
I slinked up to the OR, reminding myself that winter
underwear had been invented for trips like these. I was getting
over one adrenaline rush, heading for another. “There’s a ruptured
abdominal aneurysm coming in from Kenora.” I smiled, and
thought someone had an odd sense of humor. Looking out
from the 7th floor windows, I saw a winter wonderland of snow
forming a deep, impenetrable carpet over the cityscape. What
was a snow plough doing clearing an area on the front lawn?
“Don’t worry,” said my boss, “the helicopter will land on the roof
of Seven Oaks Hospital. That should give you a few more minutes
to set up your equipment.”
I watched in disbelief as the ‘copter landed, and the ambulance
followed a plough across town to the General. The entire team
was ready. After monitors were placed, I inserted a central line,
gave volume, trickled in morphine, and pushed ketamine. No
rush to paralyze with sux, not until Dr Franks splashed iodine on
the belly and said “Cut.” With loss of abdominal tone, tamponade
disappeared. It turned into a pretty fast operation from there
on. Aorta clamped, vitals fair, blood running, and smiles all
round! The rest seemed routine; death was cheated that day.
The patient spent overnight in ICU, and went home a week later.
The closest thing to a miracle I ever witnessed.
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Abstract
Bacterial pericarditis is a rare but fulminant disease that requires prompt diagnosis and
management. It most commonly occurs from direct extension of an adjacent focus of infection
or by hematogenous spread to the pericardium from more distant septic foci. Predisposing risk
factors include immunosuppression, uremia, collagen vascular disease and thoracic surgery.
We present the case of a 77-year-old gentleman with no previous pericardial disease who
was diagnosed with primary Staphylococcus aureus pericarditis. The patient was treated with
percutaneous pericardial effusion drainage and appropriate antibiotics resulting in complete
resolution of his symptoms. This unusual case emphasizes that although it is frequently associated
with significant morbidity and mortality, purulent pericarditis can present in a more indolent
manner and in the absence of typical predisposing risk factors.

Resume
La péricardite bactérienne est une maladie rare mais fulgurante qui nécessite un diagnostic et
une prise en charge rapides. Elle survient le plus souvent dans le prolongement direct d’un foyer
infectieux adjacent ou par propagation hématogène au péricarde à partir de foyers septiques
plus éloignés. Les facteurs de risque prédisposants sont l’immunosuppression, l’urémie, les
maladies vasculaires du collagène et la chirurgie thoracique. Nous présentons le cas d’un homme
de 77 ans, sans antécédents de maladie péricardique, chez qui on a diagnostiqué une péricardite
primaire à Staphylococcus aureus. Le patient a été traité par un drainage percutané d’effusion
péricardique et des antibiotiques appropriés, ce qui a permis de résoudre complètement ses
symptômes. Ce cas inhabituel souligne que, bien qu’elle soit fréquemment associée à une
morbidité et une mortalité importantes, la péricardite purulente peut se présenter de manière
plus indolente et en l’absence de facteurs de risque prédisposants typiques.

A 77-year-old man presented with progressive dyspnea and
pleuritic chest pain of recent onset that was relieved by leaning
forward. His past medical history was notable for polymyalgia
rheumatica treated with prednisone and poorly controlled
type 2 diabetes mellitus (HbA1C 9.8%). Physical exam was
unremarkable. His electrocardiogram showed diffuse ST-segment
elevation with ST-segment depression and PR elevation in lead
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aVR. Transthoracic echocardiogram (TTE) revealed normal
biventricular systolic function and an 8 mm circumferential
pericardial effusion. Treatment with colchicine was initiated
for idiopathic pericarditis.
The patient returned with worsening dyspnea and orthopnea.
Repeat TTE showed pericardial thickening over the right
ventricle, a 21 mm effusion with signs of elevated pericardial
Volume 15, Issue 2, 2020
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Clinical Images

Figure 1. ECG at initial presentation demonstrating diffuse ST segment elevation and PR depression, with PR elevation and ST depression in AVR.

Figure 2A. Parasternal long-axis echocardiogram view showing an 8-mm
pericardial effusion. RV = right ventricle; LV = left ventricle; LA = left atrium

pressure including interventricular dependence, diastolic
expiratory reversal in the hepatic veins and a plethoric noncompliant inferior vena cava. He underwent pericardiocentesis
with insertion of a pericardial drain. Analysis of the pericardial
fluid and catheter tip revealed marked neutrophilia and growth
of methicillin-sensitive Staphylococcus aureus. The diagnosis
of purulent pericarditis was established. No clear entry site or
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Figure 2B. Parasternal long-axis view showing thickening over the RV and a
21-mm pericardial effusion. RV = right ventricle; LV = left ventricle

source of seeding was identified other than a possible left lower
lobe infiltrate on chest radiography. The patient was treated with
intravenous cefazolin. At the 1-month follow up visit, he was
asymptomatic with no evidence of constrictive hemodynamics
on repeat imaging.
Bacterial pericarditis accounts for less than 1 % of all
causes of pericarditis.1 Most cases occur in the context of direct
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extension of infection from an intrathoracic site or by hematologic
dissemination to the pericardium from another septic focus.2–4
Early pericardial drainage and appropriate antibiotic therapy are
the cornerstones of management to prevent complications such
as septic shock, cardiac tamponade and constrictive pericarditis.
This case highlights that a high index of suspicion is required to
diagnose bacterial pericarditis as it can present without common
predisposing factors and in the absence of sepsis.
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