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Administrative information 

1 Title 

POCUS in Practice: Implementation of point-of-care ultrasonography in general practice: A 
stepped wedge cluster randomized trial  

2a Trial registration 

The trial will be registered on clinicaltrials.org 

2b  The World Health Organization Trial Registration Data Set 

Data category Information 
Primary registry and trial 

identifying number 

Clinicaltrials.gov number: NCT05696821 

Date of registration in 

primary registry 

The study protocol will be uploaded to clinical trials 

Secondary identifying 

numbers 

AAU study registration: 2022-068-03601 

Source(s) of monetary or 

material support 

n/a 

Primary sponsor Center for General Practice at Aalborg University (CAM AAU) 
Secondary sponsor(s) Novo Nordisk Foundation 

The General Practice Foundation in Denmark 
Contact for public queries Camilla Aakjær Andersen caakjaer@dcm.aau.dk 
Contact for scientific queries Camilla Aakjær Andersen caakjaer@dcm.aau.dk 
Public title The POCUS IN PRACTICE study 
Scientific title Implementation of point-of-care ultrasonography in general practice: A stepped 

wedge cluster randomized trial 
Countries of recruitment Denmark 
Health condition(s) or 

problem(s) studied 

The use of point-of-care ultrasonography (POCUS) in general practice 

Intervention(s) An educational intervention consisting of three teaching seminars over three 
months, a curriculum of 10 point-of-care ultrasound (POCUS) applications, an 
online learning platform providing educational support before, during and after 
the teaching sessions. 

Key inclusion and exclusion 

criteria 

Inclusion criteria: 

1. GP, i.e. postgraduate medical doctor with a specialization in general practice
2.Work in office-based general practice in Denmark
3.Access to an ultrasound device in the practice during the study period
Exclusion criteria:

1. GPs with a possible conflict of interest
2. No signed informed consent to participate.

Study type A stepped wedge cluster randomized trial 
Date of first enrolment Expected: January 2023 
Target sample size Two hundred general practitioners 
Recruitment status Has started 
Primary outcome(s) (P1) To estimate the effect of a POCUS intervention for primary care clinics on 

the number of registered reimbursement codes. 

(P2) To estimate the effects of a POCUS intervention for primary care clinics on 
the number of referrals send to secondary care specialists. 
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Key secondary outcomes We will estimate if POCUS leads to change in: 
S1. Number of consultations in primary care (e-mail, telephone, video, visits) 
S2. GPs’ perceived stress (Cohen’s 10-item Perceived Stress Scale)  
S3. GPs’ job satisfaction (Warr-Cook-Wall Job satisfaction Scale) 
S4. GPs burnout symptoms (Maslach Burnout inventory) 
S5. Healthcare costs 
 
And in addition, we will evaluate: 
S6. Patients experiences following POCUS use  
S7. Adverse events reported by the participating GPs following the intervention 
S8. The patient pathway and the quality of selected POCUS applications used in 
general practice 

 
3 Protocol version 

Version 5.0 December 27th 2022 
 
4 Funding  

This study will be conducted as independent research at Center for General Practice at Aalborg 
University and is financially supported by The Novo Nordisk Foundation (grant number 
0061821) and The General Practice Foundation in Denmark (grant number A3495). 
 

5 Roles and responsibilities 

 
5a  Names, affiliations, and roles of protocol contributors 

Camilla Aakjær Andersen (CAA) will be the principal investigator.  
CAA and Martin Bach Jensen (MBJ) will oversee the choice of and collection of outcome 
measures. Professor, GP, Janus Laust Thomsen (JLT) will provide support in the health 
economic evaluation and senior researcher Annette Fischer Pedersen (AFP) will provide support 
regarding the evaluation of GPs’ work environment. Senior researcher Søren Lundbye-
Christensen (SLC) will provide statistical support. Allan Riis (AR) will draft the data handling 
and statistical analysis plan (SAP), clean, and analyze the dataset.  
CAA and MBJ wrote the first draft of the protocol.  
Ulrike Mehnert (UM), Thomas Løkkegaard (TL), Troels Mengel-Jørgensen (TMJ), Liv Dyre 
(LD), Nicolai Soll (NS), Bo Stork (BS), Kasper Lorentzen (KL), MBJ, Louise Pihl (LP), 
Christian Sjernebjerg (CS) and Søren Kæseler Andersen (SKA), Christian Valentiner-Brandt 
(CVB), Torsten Rudbæk Rahbek (TRR), Uwe Lorenzten (UL), Lukasz Damien Kamionka 
(LDK), Morten Sparholt (MS), Rasmus Rottmann Johansen (RRJ), Jens Tilma (JT) and Jesper 
Wamberg (JW) will participate as teachers in the training program  
All participating researchers areexpected to make valuable scientific additions to the draft and 
will be invited to be co-authors on subsequent manuscripts based on these data.  
The expected author list when reporting the overall results is: Andersen CA, Riis A, ……Jensen 
MB. 
 

5b Name and contact information for the trial sponsor 

Trial sponsor: Center for General Practice at Aalborg University (CAM AAU) 
Contact name: Camilla Aakjær Andersen 
Address: Center for General Practice in Aalborg, Fyrkildevej 7, 1., 9220 Aalborg East, Denmark  
E-mail: caakjaer@dcm.aau.dk 
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5c Role of study sponsor and funders 

Sponsor (CAM AAU) is part of the study design, data analyses and writing of the manuscript. 
Sponsor will ensure that the results will be submitted for publication. Sponsor is non-commercial 
and declares no conflict of interest. 
 
Other sponsors have no part in the study design, data analyses or writing of the manuscript. 
 
The authors declare no conflict of interest. 
 
5d Composition, roles, and responsibilities of the steering committee and safety 

committee (see Item 21a for data monitoring committee) 
 
A steering committee affiliated with CAM AAU (TL, UM, TMJ, SKA, MBJ and CAA) will 
handle and oversee the development of the intervention, the coordination and organisation of the 
ultrasound courses, and the data collection and data management.  
 
A safety committee will be set up to handle all reports of adverse and suspected adverse events 
(AEs) and serious adverse events (SAEs). MBJ will head the committee.  

Introduction 
6 Background and rationale 

Increased complexity and demands 
Increased longevity results in more patients with a higher burden of disease and disability. These patients 
are complex to handle which increases the future need of healthcare services1 2 Simultaneously, hospitals 
are becoming increasingly specialized and centralized with patients’ length of stay shortened3 4 leading to 
a shift in healthcare services from hospitals to primary care. The general practitioner (GP) must therefore 
handle more complex patients, finalize the examination and treatment of more patients, and need the 
capabilities to refer to the correct sub-specialized department. This renders the diagnostic capacity and 
precision in the GP’s office increasingly important. Point-of-care ultrasonography (POCUS) may be of 
benefit in this regard5. 

The potential of point-of-care ultrasonography 
In a cohort study of patients being scanned by 20 GPs, we found that POCUS changed their diagnosis in 
49% of consultations, increased the diagnostic confidence in 89% of patients, and changed the intended 
referral plan in 51% of consultations6. POCUS is widely used by GPs in some countries7, but only about 
12% of Danish GPs currently use the POCUS (unpublished data8). Hence, there is a great potential for 
further disseminating this technology. Still, we do not know if the positive results obtained in a smaller 
group of GPs are valid in a broader GP population and to what extend GPs will adapt this technology if 
offered training in a supportive setting. Several studies have demonstrated that POCUS competences can 
be achieved in short training courses, but to maintain skills and develop skills is a process over time9 10 11. 
To fully profit from GPs using POCUS, it has to be integrated in clinical pathways and this requires 
sufficient competences and a widespread plan for implementation.  

Enticing general practitioner to scan 
Motivation, competence, and opportunity are important aspects to consider in relation to changing the 
behaviour of health care professionals12. In interviews with POCUS users who were early adopters of the 
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technology, they reported that POCUS can increase their job satisfaction, professional contentment, and 
sense of performance13. It is not known if this also applies if POCUS is implemented broadly to GPs. 
From a national survey8, we found that Danish GPs see the potential in using POCUS, but have 
concerns about capability (lack of guidelines and education in the use of POCUS) and opportunity 
(economical aspects, time pressure and workload). Furthermore, half of Danish GPs report at least one 
burnout symptom14. Hence, if POCUS is implemented on a larger scale in general practice, it will be 
important to evaluate how it affects the GP population.  
 
Patients’ perspectives and safety 
Danish patients scanned in the GPs’ office described that POCUS improved the service and quality in 
care15. However, there are no reported safety data regarding a broad implementation of POCUS in general 
practice and problems relating to the initial phase. Therefore, a surveillance of adverse events during the 
implementation could contribute with new knowledge about patient safety by identifying scanning types 
and procedures that potential carry a risk, when GPs begin using POCUS.  

Health economics 
Despite the fact that POCUS has been broadly implemented in primary care in some countries7 there are 
very few studies describing the cost-effectiveness of this5. In addition, transferring cost-effectiveness 
evaluations from one health care system to another can be challenging16. In a Danish health economic 
evaluation of women consulting their GP due to vaginal bleeding early in their pregnancy, we found that 
it was cost-effective to have the GP scanning compared to usual practice (referral to specialist in private 
gynaecology practices or hospital departments)17. However, there is a need for a broader health economic 
evaluation of implementing this technology in general practice. 

Organizational aspects 
In recent years, an overarching program theory implementation plan has directed the research and 
implementation of use of POCUS in general practice in Denmark. The plan was developed in a 
collaboration between Center for General Practice at Aalborg University (CAM AAU)18 and the Danish 
Society for Ultrasonography in General Practice (DAUS)19 to ensure the quality and safety of the 
implementation of POCUS in general practice.  

The services provided by Danish general practice are regulated by an agreement between the Organisation 
of General Practitioners in Denmark (Praktiserende Lægers Organisation - PLO) and the Danish Regions, 
who are responsible for providing public health care services to all citizens. In their 2022 agreement 
(OK22) it was decided to establish a research project to evaluate the use of POCUS in Danish general 
practice and CAM AAU was commissioned to do this. In OK22 it was stated that the research project 
should prioritize participants in rural areas, deliver the intervention across the country,  ultrasound courses 
should be delivered by the General Practitioners in Denmark Continuous Education Organization (PLO-
e), and current POCUS-users should be allowed to participate in the study. CAM AAU has conducted two 
smaller preparatory studies that will be followed by a large stepped-wegde cluster randomized trial (SW-
CRT) to fulfil this task. 

Using a stepped wedge cluster randomised trail design 
A SW-CRT design20 was chosen to facilitate roll out of the intervention, as the delivery of the educational 
intervention was logistically challenging and resource demanding. Furthermore, we aimed to prevent 
contamination and disappointment effects from GPs or general practice clinics, who were not randomised 
to the intervention. As the stepped-wedge designs are adequately analyzed with random cluster 
effect models, a large intra-cluster variation is taken into account by applying this design.  
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7 Specific objectives  
The overarching aim in this SW-CRT is to investigate the effects of implementing POCUS in general 
practice compared to usual practice prior to the intervention. 
 
Primary objectives: 
(P1) To estimate the effect of a POCUS intervention for primary care clinics on the number of registered 
reimbursement codes. 

Hypothesis P1: For general practice clinics that receive a POCUS intervention the use of POCUS will 
increase after the intervention evaluated by comparing the number of registered reimbursement codes 
before the intervention to the number of reimbursement codes registered after the intervention. 

(P2) To estimate the effects of a POCUS intervention for primary care clinics on the number of referrals 
send to secondary care specialists.    

Hypothesis P2: For general practice clinics that receive a POCUS intervention the referral rate (number of 
referrals to hospital or specialist clinics/number of consultations) will decrease evaluated by comparing 
the referral rate from before the intervention to the referral rate after the intervention. 

Secondary objectives:  
We will estimate if POCUS leads to change in: 
S1. Number of consultations (e-mail, telephone, video, GP office, visits) 
S2. GPs’ perceived stress (Cohen’s 10-item Perceived Stress Scale)  
S3. GPs’ job satisfaction (Warr-Cook-Wall Job satisfaction Scale) 
S4. GPs’ burnout symptoms (Maslach Burnout inventory) 
S5. Healthcare costs 
 
And in addition, we will evaluate: 
S6. Patients experiences following POCUS use  
S7. Adverse events reported by the participating GPs following the intervention 
S8. The patient pathway and the quality of selected POCUS applications used in general practice 
 
Tertiary objectives: 
T1. GPs’ experiences of job contentment before and after the intervention  
T2. GPs’ experiences of POCUS use in their practice after the intervention 
T3. GPs’ experiences of POCUS’ influence on perceived stress, job satisfaction and burnout symptoms 
after the intervention.  
 
8 Trial design  

This is a stepped-wedge cluster randomized trial 
 
Study process 
This research project has been developed following the Medical Research Council’s model for developing 
and evaluating complex interventions21 (Figure 1).  
 
Reporting of this trial will follow international guidelines for reporting22 and protocols will follow the 
SPIRIT statement23 . Before the inclusion of the first participant, the trial protocols will be registered on 
clinicaltrials.gov.  
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Prior to the present study, we have developed and pilot tested an educational intervention in two 
preparatory studies. In an effectiveness study (ClinicalTrials.gov Identifier: NCT05274581), we tested if 
the educational intervention could lead to scanning competence and if scanning competence could be 
maintained over time. In a cohort study (ClinicalTrials.gov Identifier: NCT05523882), we tested the data 
collection tools and the implementation of the educational intervention.   
 

 

 

 

Figure 1. Flowchart of the study process  
 

 
OK 22: Projects included in the 2022 collective agreement between Danish Regions and The Danish Association of General Practitioners.  
OK 25: The 2025 collective agreement between Danish Regions and The Danish Association of General Practitioners, will possibly include a 
larger scale implementation of POCUS in general practice depending on the results of the OK22 projects.  
 
 
 
 
 
In this SW-CRT we aim to determine the effects of our intervention by estimating the uptake of the 
technology by the GPs (outcome P1), change in referral rate (outcome P2), change in number of 
consultations delivered in primary care (outcome S1), GPs job satisfaction, level of stress, and burn-out 
(outcomes S2-4), as well as a health economic evaluation (outcome S5). We will also evaluate patient 
experiences (Outcome S6), advance events and the patient pathway following POCUS use after the 
introduction of the intervention.  
 
Two-hundred GPs will participate in the study. All participants will be offered the educational 
intervention (Figure 2). Participants will be randomized to participate in clusters. Each cluster consists of 
a group of 20 GPs from the same geographical area (the five Danish regions), who receive the educational 
intervention at a training facility (location) at a given time. The ten clusters will receive the intervention at 
different timepoints (Figure 2). Hence, the study will include two clusters from each of the five Danish 
regions, who will receive the educational intervention at a location in the specific region: North Denmark 
Region (Aalborg or Sæby), Central Denmark Region (Aarhus or Herning), Region of Southern Denmark 
(Vejle or Odense), Region Zealand (Roskilde or Næstved) and Capital Region of Denmark (København V 
or Lyngby).  
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Figure 2. Time schedule for the SW-CRT data collection 
 

  
 

Methods - Participants, interventions, and outcomes 
 
9  Study settings  

This study will be conducted in office-based general practice in Denmark  
 
Denmark has a public health care system. However, GPs are self-employed and work in office-
based general practice clinics. Almost all patients are listed with a GP for primary health care. 
Consultations and treatments are free-of-charge for patients. GPs act as gatekeepers for other 
primary care healthcare providers and secondary care specialists. GPs are paid through a 
combination of remuneration and fee-for-service financed through taxes24. There is no fee for 
performing POCUS in primary care and GPs must cover expenses for the ultrasound device and 
their ultrasound education themselves. However, during this study GPs will have the opportunity 
to participate in a free-of-costs ultrasound course and following course attendance they will be 
able to claim a fee for performing POCUS in general practice (262,37 DKK).  
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Continuous medical education for GPs is centrally organized under the wings of PLO-e. PLO-e 
is the practical organizer of the ultrasound course delivered in this educational intervention in 
collaboration with the research team. Hence, PLO-e will handle the financial and practical 
aspects of organizing and executing the course. PLO-e has no influence on the scientific content 
or data collection in the study.       
 
The study will be coordinated from CAM AAU and data will be collected by the research team 
at the training sessions and by the participating general practitioners in their clinics. All study 
data will be stored at a secure server at Aalborg University. 
 
 10 Participants   

All GPs in Denmark received a newsletter from PLO describing the study and inviting eligible 
GPs to participate. This include a link to a questionnaire where GPs interested in participating 
would provide the researchers with information relating to the inclusion and exclusion criteria as 
well as information in regard to the prioritization criteria described in OK22. Two-hundred GPs 
working in office-based general practice in Denmark will be selected from a list of GPs 
responding to the link questionnaire. To participate a GPs must fulfill the inclusion criteria and 
not the exclusion criteria 
 
Inclusion criteria:  

1. GP, i.e., be a postgraduate medical doctor with a specialization in general practice. 
2. Work in office-based general practice in Denmark 
3. Have access to an ultrasound device in the practice during the study period 

 

Exclusion criteria:  

1. GPs with a possible conflict of interest (e.g., industry affiliation related to the use of 
ultrasound)  

2. No signed informed consent to participate. 
 
All patients seen in general practice, that the GPs find relevant to examine with POCUS can be 
used in the data collection. For this study, we will not collect identifiable personal or health-
related data on patients. However, we will receive aggregated data on patients’ age and gender. 
These data are used to describe the patient population but will neither be stored with the other 
study data nor used in analysis with other data (see section 12). 
 
 
11a Description of the intervention  

All participants will receive the educational intervention through attendance of the ultrasound 
course arranged by PLO-e. The educations intervention consists of three teaching seminars 
delivered over three months, a curriculum of 10 POCUS applications, an online learning 
platform providing educational support before, during, and after the teaching sessions (see Figure 
3).  
The online platform includes videos demonstrating the performance of POCUS, suggestions for 
additional literature, assignments to support the development of skills, self-quizzes to focus 
attention of learning outcomes and specific actioncards for each of the 10 POCUS applications 
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framing the examinations in the clinical context. In addition, the online platform provides 
participants access to webinars and communication with other participants and teachers.      
 
 
 Figure 3 Point-of-care ultrasonography educational intervention for general practitioners  

 

 
 

Individual preparation (Days 1-7)  

Prior to the first seminar day, the participants are invited to access and complete the preparatory 
material on the digital platform (Microsoft Teams), which includes suggested literature and 
videos about the basics of ultrasonography, how to perform POCUS, how to use POCUS in the 
examination of patients, and how to integrate POCUS in the general practice consultation. To 
prime the participant prior to the first seminar the preparation includes a pre-self-quiz outlining 
the specific learning outcomes of the first seminar day.    
The participants also have to send in a motivational description where they in words will declare 
their motivation for participating in the course, their expectations for the course, their individual 
learning goals, their previous experiences with POCUS and other prerequisites. They will also be 
asked to identify possible barriers towards their learning process and pose three questions that 
they want answered during the first teaching seminar. This allows for the participants to reflect 
on their own motivation and capability and any difficulties and questions they may have. The 
participants are encouraged to enter the first training session with a focus on their individual 



The POCUS in Practice study  12 

learning goals and to make sure that difficulties and questions are addressed during the seminar. 
The POCUS teachers will comment on the participants’ assignments. The assignment and 
comments will be saved in the online platform.  
The teachers will address and integrate topics from the assignments during the first teaching 
seminar.   
The pre-course assignment will also include a baseline questionnaire for participants, where they 
will be asked to declare their background information.  
  
The participants must require an ultrasound device prior to the first teaching seminar and become 
familiar with basic functions. The participants are asked to register questions and difficulties 
related to the use of their ultrasound device either in the motivational description or by hand in 
order to bring these to the first teaching seminar.    
 

Introductory webinar  

Early in the preparation phase, the participants will be invited to attend an introduction webinar, 
where the course leader will introduce the online platform and the course contend to the 
participants. The purpose of the introduction webinar is to stimulate commitment, create 
awareness about course content and requirements, and introduce and facilitate use of the online 
platform. The participants will also be encouraged to plan for the implementation of POCUS 
training during daily routines, to allocate time for practice each week, and to discuss possible 
barriers for this with colleagues.    
 
Curriculum 

From a previous qualitative study, we know that GPs select and perform POCUS examinations 
that are focused on a specific clinical problem, relevant in the clinical context, within the GPs 
area of interest, not too time consuming, and not too difficult to perform13. For this education 
intervention 10 POCUS scanning modalities have been selected. 
This selection is based on: (1) a previous systematic needs assessment25 assessing the relevance 
of different scanning modalities, (2) previous studies measuring the frequency of different 
POCUS modalities used in general practice6 26, (3) a national survey in Denmark exploring 
which POCUS examinations were performed by GP8, and (4) evidence of the diagnostic 
accuracy of different scanning modalities performed in the hands of non-imaging specialists 
(Table 1).  
Hence, the selected curriculum for this study include ten POCUS scanning modalities that are 
frequently encountered in general practice, relevant in the clinical setting in terms of POCUS 
examinations with an impact on diagnostic security or clinical pathway and manageable in terms 
of performance and competence.     
To prevent cognitive overload27 28 and because previous studies have shown that GPs often start 
scanning just a few applications26 29, the ten scanning modalities in the curriculum will be 
introduced stepwise. Five scanning modalities will be introduced on the first teaching seminar, 
while the remaining five applications will be introduced on the second teaching seminar.   
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Table 1 Diagnostic accuracy of curriculum for the educational intervention  

Curriculum Diagnostic accuracy* % of current 

users who 

perform the 

examination 
(National survey)20 

% of users who 

found the 

examination 

relevant  
(Delphi study)9 

 sensitivity specificity 

First teaching seminar      
 Residual urine (bladder)30 69.0 99.0 72% 100% 
 Hydronephrosis (kidney)31 70.2  75.4 46% 95% 
 Viable intrauterine pregnancy (uterus)32 97.0 98.0 87% 93% 
 Joint effusion (knee)33 84.0 93.0 46% 73% 
 Gallstone (Gall bladder)34 89.8 88.0 64% 98% 
Second teaching seminar      
 Ascites (abdominal FAST)35 100.0 100.0 37% 85% 
 Intrauterine device location (uterus)**   86% 95% 
 Constipation (Rectum diameter)*** 36 95.5 94.1 19% 46% 
 Subcutaneous abscess (skin)37 96.2 82.9 42% 98% 
 Pleural effusion (lung)38 88.0 90.0 28% 76% 

*Diagnostic accuracy of POCUS reported in studies using the same scanning protocol as we intend to use in this intervention.  
** No studies have been identified, where ultrasound is compared to a gold standard e.g. MRI or CT scan  
*** Using POCUS for measuring rectal diameters as part of the ROM-IV criteria for diagnosing constipation in children is a relative new 
scanning modality and as such the GPs participating in the above-mentioned studies, have not been trained to perform the examination. However, 
the examination has been included in the NICE guidelines and the patient category is common in general practice.  
 

Actioncards 

A basis of the educational intervention are actioncards designed for each POCUS scanning 
modality (figure 4). The actioncards are 1-page instructions specifying the indication for 
performing the POCUS examinations, the transducer and specific equipment settings needed to 
perform the examination, the POCUS procedure including transducer placement, image 
acquisition and optimization, the interpretation of the examination, possible pitfalls to be aware 
off and integration of findings into a clinical context39.  
The actioncards are used as résumés of the preparation literature, to structure the examination 
during the teaching seminars and as supporting guidelines that can be used or consulted during 
the examination if needed.      
 

Instruction videos  

An instruction video is developed for each scanning modality included in the curriculum. All 
instruction videos are built with a structure similar to the structure of the actioncards: (1) 
Description of the indication for the examination, (2) Description of the needed equipment and 
equipment settings, and (3) demonstration of the conduction of the POCUS examination 
including tips and tricks regarding transducer placement, patient cooperation, image optimization 
etc.  
The video demonstration of the performance of the POCUS scan will be divided into three 
pictures that are displayed simultaneously. One picture illustrating the ultrasound image on the 
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monitor, one picture illustrating the hand on the transducer and thereby the transducer 
manipulation and one picture illustrating the anatomy.  
 

Figure 4 Actioncards describing a specific scanning modality

 

 
Self-tests 

Participants have access to self-tests before (pre-self-test) and after (post-self-test) each teaching 
seminar. These self-tests include 10-15 questions covering the learning outcomes of each 
teaching seminar and the pre- and post-tests for each seminar are largely similar. Some questions 
will concern ultrasound physics and basic scanning knowledge, others will be more application 
specific. Hence, the pre-self-test is designed to prime participants and create awareness about the 
learning outcomes of the following teaching seminar, whereas the post-self-test is designed as 
individual feed-back for participants and to create awareness about certain difficulties or missed 
information. The POCUS-teachers will monitor the results of these tests as part of their 
assessment of the participants learning progress.    
 
Assignments  

Throughout the learning process, participants will be invited to complete online assignments. 
The first assignment (Motivational description 1) will be a questionnaire concerning the 
individual participants’ capability, opportunity and motivation for using POCUS. These factors 
are known key-elements driving the behavior of healthcare providers40. Hence, we aim to 
identify previous experience with POCUS in order to assemble groups of participants with 
similar background for the hands-on sessions, identify possible barriers for the learning process 
in order to remove these or minimize the influence of these in the learning process and identify 

Indication for 
using POCUS 

Equipment 
needed 

Procedure 
description 
and image 
illustration 

Possible 
pitfalls  

Interpretation in 
a clinical context  
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motivational factors to create awareness about these among participants and to use these in the 
learning process and mentoring.  
In between teaching seminars, a number of assignments will include uploading of POCUS scans 
for review and feed-back from the POCUS teachers. Before the second and third seminar day, an 
assignment will be sent to participants (Motivational description 2 and 3) including a 
questionnaire where participants are asked to specify learning goals and questions for the coming 
teaching seminar in order to create awareness about these. Participants are encouraged to brings 
these to the teaching seminar to ensure that questions are covered or addressed during the 
seminar.   
 

Webinars  

In between teaching seminars, participants will be invited to participate in short webinars 
addressing obstacles and difficulties encountered in the learning process. The course director and 
the teachers will have gathered topics for the webinar from monitoring the individual 
participants’ learning processes registered in logbooks, self-tests results, uploaded assignments 
or questions posed in the chat forum. Webinars will be approximately 30 minutes and 
participants will have the opportunity to ask questions during the sessions.       
 

Online groupware platform (from day 1) 

The educational intervention uses the online groupware platform (figure 5) Microsoft Teams 
(Microsoft Corporation, Redmond, Washington, United States) which all participants in the 
course and the teachers have access to.  
 
Figure 5 Online platform to support the longitudinal learning process  

 
 
 
Through the online platform participants will have access to:  

1. Course information including timelines, course material, general and practical information.  
2. Folders where actioncards, documents, instruction videos and other education material are uploaded.  
3. A wall for sharing information between all participants. Here there is a group chat function, where 

participants may share experiences and reflections with each other the learning process. The teachers may 
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also engage in this ongoing debate. Videos, documents, links etc. may be uploaded or posted and shared 
here and all participants will have the opportunity to comment on uploads and posts. Notifications for the 
participants are also posted here.  

4. Invitations to webinars with the teachers, where tips and tricks are shared based on the participants 
uploaded or returned comments, feed-back, uploads and logbook registrations. 

5. A document where notes can be shared between the participants during webinars or teaching seminars. 
6. Link to the individual assignments to be completed by participants during the learning process. The 

teachers on the course have the opportunity to comment and respond in the assignment.  
7. A link to an online logbook where the individual participant can note conducted POCUS examination 

during the learning process (date, type of POCUS, focus during the examination, reflections afterwards). A 
template specifies the number of examinations recommended at each phase in the educational intervention.  

8. A direct chat opportunity with the teachers, where participants can have access to guidance and support 
from the course teachers. It is also possible to upload scanning images or videos for review by the teachers.  

9. The individual structured feedback for all scanning modalities collected at teaching seminar 2 and 3.   
10. Access to Pre/post self-quizzes before and after each training seminar and access to the results.  

 
Participants will receive a notification by email or on their phones, when there is activity on the 
online platform. The overall purpose of this online platform is to support the participant in the 
continuous learning process. We aim to create awareness about the learning process, individual 
focus points and goals, the importance of training and gaining experience, and to make guidance 
available when difficulties/problems are encountered.   
 

Teaching seminars (day 7, 37 and 97) 

The educational intervention includes three teaching seminars on days 7, 37 and 97. All seminar 
days have a similar overall structure with a focus on hands-on training and the individual 
participant’s development of scanning competences. However, the teaching aims are different on 
each seminar which means different focus in the teaching and different activities between 
seminar days.    
 

Teaching seminar 1 

The aim of the first teaching seminar is to give participants first-hand experiences with 
performing POCUS scans and to create a foundation of knowledge and experience which is to be 
further developed in the coming months. Furthermore, the participants will learn to perform five 
of the POCUS scans in the selected curriculum.  
The teaching seminar will start off with a short lecture summarizing the theoretical foundation 
for using POCUS and the participants preparation. The teachers will summarize the results of the 
motivational descriptions and address questions, barriers and concerns raised by participants. 
Afterwards, a short lecture will follow introducing basic transducer manipulation and image 
optimization. The participants are then introduced to the five selected POCUS modalities in a 
short lecture summarizing the fundamentals of the five scans. The participants are then divided 
into small groups of four participants based on their POCUS experience as declared in the prior 
assignment. Participants working in the same practice, will be separated into different group to 
ensure a good group dynamic. The small groups will now circulate between hands-on workshops 
(Figure 6). Each hands-on workshop will focus on one scanning modality. At the workshop, a 
teacher demonstrates the scanning modality according to the specific actioncard. The 
participants then take turns explaining the performance of the scan and practice performing the 
POCUS examination on healthy volunteers (or phantoms for pelvic ultrasound).  The teacher will 
assist and provide guidance. During this first teaching seminar, the participants attend five 
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workshops and thereby get their first experiences with conducting five of the POCUS 
examinations according to the actioncards. The participants attend the five workshops twice – 
first with a focus of getting the view and optimizing the view and second with a focus on 
optimizing the image. Hence, the workshops are constructed in order to (1) conceptualize the 
POCUS scan, (2) visualize the POCUS scan, (3) verbalize the POCUS scan and finally (4) 
practice the POCUS scan41. The overall aim with the workshops is to enable participants to 
perform the five POCUS examination with assistance.   
 
Figure 6. Structure of hands-on workshops on the first teaching seminar  

 
 
The participants will have the opportunity to bring their own ultrasound device for the teaching 
seminar in order to learn to master their own device. The small groups are composed to match 
members with similar equipment, prior knowledge and similar competence.   
At the beginning of the day, the participants will be asked to share their learning goals and 
specific challenges with their small group and at the end of the day, they will have time to 
discuss the learning outcomes of the day and consult the teachers with unanswered questions.    
After the teaching seminar a post-self-quiz is available (a replication of the pre-self-quiz) for the 
participants to create awareness about learning process and to illustrate to which extend the 
learning objectives of the first teaching seminar made been reached. The teachers will reach-out 
and offer extra support to participants where the test scores or performance during the hands-on 
workshops reveal problems or difficulties.    
 
In-between teaching seminar 1 and 2 (practice phase) 

After the first teaching seminar participant are encouraged to start practicing POCUS 
examinations. This phase in the learning process is considered and articulated as a training phase, 
where participants are to conduct as many POCUS examinations as possible with a primary aim 
of training without having to draw conclusions based on their scans. As such, participants are in 
this phase encouraged to treat patients as usual without taking scan results into account. 
Participants are also encouraged to train examinations on volunteers e.g. family members, as the 
goal in this phase is to perform as many examinations as possible.  
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During the three weeks between the two teaching seminars, participants are encouraged to 
register all POCUS examinations in their individual logbook and note reflections and questions 
that occur during this process.  It is recommended that participants aim to perform a minimum of 
three POCUS examinations of each scanning modality in the curriculum and upload one POCUS 
examination of each scanning modality for review by the teachers (assignments 2, 3, 4, 5, and 6).  
Midway in the practice phase (day 20), participants will be invited to participate in a half-an-
hour webinar. In this webinar, one of the teachers will go though some of the encountered 
problems and difficulties uploaded or posted on the online platform. Participants will also have 
the opportunity to ask questions.  
Prior to the second teaching seminar, motivational description 2 is send to the participants. In 
this assignment participants have to register their specific focus points and individual learning 
goals for the second seminar as well as any questions they may have to the teachers. 
A specific pre-self-quiz will be available before teaching seminar 2. This self-test will access 
basic knowledge of the five POCUS scans introduced at the first teaching seminar and prime the 
participants for the learning objective of the second teaching seminar.   
 

Teaching seminar 2 

From evaluation of previous POCUS training sessions, we know that GPs usually start off 
practicing their scanning skills by selecting a few scanning modalities in the curriculum. Thereby 
they develop a comfort zone of scanning modalities before they move on to include more 
scanning modalities in their portfolio. Therefore, the aim of the second training seminar is to (1) 
validate the scanning modalities that the participating GPs have been practicing in order to adjust 
and improve their performance, (2) to repeat and refresh the scanning modalities in the 
curriculum, that the participants have not been practicing in-between the teaching seminars to 
make the participant comfortable to move on to train these or even include these in their 
portfolio, (3) to provide feedback on performance and allow for guidance and support on 
encountered problems or difficulties and (4) to introduce five new POCUS modalities.  
The teaching seminar starts off with a plenum session where encountered experiences, problems 
or difficulties are shared and discussed. The teachers will address registrations and reflections 
from the logbooks, motivational descriptions and common difficulties identifies in the uploaded 
scans. The participants are invited to openly share and discuss. Afterwards, the participants are 
divided into small groups of four participants and they then circulate between hands-on 
workshop stations, as they did in teaching seminar 1. The first five workshop stations will 
include the five scanning modalities taught at the first teaching seminar. Here, the teacher will 
not demonstrate the scan or lecture, instead the participants will take turns demonstrating the 
scan for the teacher. The teacher will then assess the participants’ individual scanning 
competences using an adapted version of the Objective Structured Assessment of Ultrasound 
Skills (OSAUS) generic assessment including only items 2-5 which focus solely on the technical 
and practical ability to produce ultrasound images42. The teachers will give feedback on ways to 
improve performance and help the participants to set new learning goals and focus points for the 
continuous learning process. The feedback and teacher suggestions are uploaded to the 
participants individual channels on the online platform, allowing participants to consult these at a 
later stage in the learning process. While one participant is demonstrating the scan for the teacher 
using one of the scanners at the workshop, the remaining three participants will practice 
performing the scan and give each other feedback using the other ultrasound device.      
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Following the first five workshops, there will be a short lecture for all participants, where the 
five new scanning modalities are explained and elaborated. After this the participants return to 
the workshops.   
The next five workshop stations will introduce five new scanning modalities from the selected 
curriculum. At the workshop, a teacher will demonstrate the scanning modality according to the 
specific actioncard. The participants will then take turns explaining the performance of the scan 
and practice performing the POCUS examination on healthy volunteers (or phantoms for pelvic 
ultrasound).  The teacher will assist and provide guidance.  
 
After the second teaching seminar a post-self-quiz is available (a replication of the pre-self-quiz 
for teaching seminar 2) for the participants to create awareness about learning process and to 
illustrate to which extend the learning objectives of the first teaching seminar made been 
reached. The teachers will reach-out to participants, where the test scores reveal problems or 
difficulties, as well as participants, where the OSAUS score revealed specific difficulties. These 
participants will be offered additional support if needed.   
 

In-between teaching seminar 2 and 3 (developing phase) 

This phase in the learning process is considered and articulated as a developing phase, where 
participants continue to develop their scanning skills and routines. The participants are 
encouraged to use POCUS examinations on all patients with relevant clinical conditions suited 
for POCUS and to work with the integration of POCUS into their clinical practice and medical 
decision making. It is important in this phase that the participants develop routines and become 
comfortable performing POCUS examinations.  During the eight weeks between the teaching 
seminars 2 and 3, participants are encouraged to register all POCUS examinations in their 
individual logbooks and note reflections and questions that occur during this process. The 
participants will still have the opportunity to consult the teachers during this phase by uploading 
questions, images or videos to the online platform. It is again recommended that participants 
perform a minimum of three POCUS examinations on patients within each scanning modalities 
during the eight weeks and that participants upload at least one POCUS examination of each of 
the five new scanning modalities for review and feed-back (assignments 8-12).    
During the eight weeks, participants will be invited to participate in two half-an-hour webinars 
(on day 50 and 75). At these webinars, one of the teachers will go though some of the 
encountered problems and difficulties uploaded or posted on the online platform and present 
images and videos of common pathologies with the 10 selected POCUS modalities. Participants 
will also have the opportunity to ask questions and the teacher will have an ultrasound device 
and a volunteer available for live POCUS demonstration.  
Before the third and final teaching seminar, the participants will be asked to complete a pre-self-
quiz and to send in a list of questions or topics that they want included in the final teaching 
seminar (assignment 13).  
 
Teaching seminar 3 

Before the final teaching seminar, the teachers will prepare feedback for each participant based 
on the information gathered about each participant, i.e., from notes in the logbook, the uploaded 
scans, impressions from teaching seminars, the correspondence in the chat function, etc. 
The structure of this final teaching seminar is similar to previous seminars. However, besides 
validating, adjusting and improving the participants’ POCUS examinations, the goal is also to 
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evaluate the participants’ learning process, scanning competence and to offer guidance for future 
development.  
Like the second seminar, this teaching seminar starts off with a plenum session where 
encountered experiences, problems or difficulties are shared and discussed. The teachers will 
address questions raised on the online platform and common difficulties identifies in the 
uploaded scans. The participants are invited to openly share and discuss. Afterwards, the 
participants are divided into small groups of 4 participants and they then circulate between 
hands-on workshop stations, as they did on the previous seminars. At the workshop stations, the 
participants will take turns demonstrating the POCUS scan for the teacher (figure 7). The teacher 
will then assess the participants’ individual scanning competences using item 2-5 on the OSAUS 
score, give feedback on ways to improve performance and help the participants to set new 
learning goals and focus points for the continuous learning process. The participants will also 
receive suggestions for improvement from fellow participants, as the instructor invites to a 
discussion about the use of the scanning modality in general practice. The feedbacks and teacher 
suggestions are uploaded to the online platform, so participants may consult these at a later stage.   
 
Figure 7. Structure of hands-on workshops on the third teaching seminar  

 
 
At the end of the teaching seminar, participants will be asked to evaluate the educational 
intervention in a questionnaire and in a final plenary session for all participants and teachers. If 
needed, the teachers will upload additional information to the online platform to support the 
participants’ further learning.            
After the teaching seminar a final post-self-test is available (a replication of the pre-self-test for 
teaching seminar 3) for the participants to create awareness about continuous learning process 
and to illustrate to what extend the learning objectives of the teaching seminar have been 
reached. The teachers will reach out to participants, where the test scores reveal problems or 
difficulties, as well as participants, where the demonstration of the scan revealed specific 
difficulties. These participants will be offered additional support.  
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Participant commitment  

The educational intervention requires considerable commitments from the participants. This will 
be outlined in both the course description, the introduction webinar and on the first teaching 
seminar. Participants will have to allocate three whole days for the teaching seminar and 
considerable time to practice scanning skills especially during the training phase (days 8-29).  
Furthermore, time will be allocated to perform assignments and follow the discussion on the 
online platform.  
To ensure this commitment, time will be spent on building group relations on the first teaching 
seminar. In addition, a teacher will be allocated each participant as a mentor during the learning 
process. The mentor will monitor individual progress in the online platform and correspond with 
the individual participant in the chat functions, provide feed-back on assignments and reach out 
to participants, who fail to be active on the online platform.  
 
11b Criteria for discontinuing or modifying allocated interventions for a given trial 

participant  

The trial may be discontinued for a GP in case of withdrawal of an informed consent. Hence, 
data collection will stop for that person at the time of withdrawal of the informed consent. 
Otherwise, this is an intention-to-treat study hence participants will not be excluded because of 
low adherence to the educational elements. However, we will collect data of the degree of 
participation for each participant.  
 
11c Strategies to improve adherence to intervention protocols, and any procedures for 

monitoring adherence  

The teacher will act as mentors for the participants and monitor participants’ activity on the 
online platform. The teachers will monitor the activity of the participants, they are mentoring and 
reach out to participants, who fail be active on the online platform or complete assignments.  
 
11d Relevant concomitant care and interventions that are permitted or prohibited 

during the trial 

The GPs are asked to declare any other POCUS education or courses that they may participate in 
during the study.  
 
12 Outcome measures  

Following the educational interventions GPs will return to work in their clinics and use POCUS 
during clinical encounters. GPs can freely choose which patients are relevant and suited for 
POCUS examinations.  
 
Register data: (Primary outcome P1 and P2 and secondary outcome S2 and S5) 

Following the use of POCUS in the general practice consultations the GPs will follow normal 
procedures for registration of activities in general practice using remuneration codes, fee-specific 
codes for using POCUS, and referrals in the medical record system. Prior to this study 11 fee-
specific codes for 10 different POCUS examinations and one code for ‘any other’ POCUS 
examination will be installed in the medical record system. The Primary Sector Data Provider 
Platform (PLSP) will develop an algorithm that allows for the following data extraction on each 
participating GP in a given time frame: (1) number of POCUS examinations performed, (2) 
number of referrals send for secondary care, and (3) number of consultations performed in 
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primary care. PLSP will deliver monthly aggregated data for each participating GP during the 
study (October 2023 to June 2024 both months included).  
 
 

GP questionnaire: (Secondary outcome S2-S4 and Tertiary outcomes T1-T3)  

For the GP questionnaire, we will use validated scales to determine GPs’ perceived stress 
(Cohen’s 10-item Perceived Stress Scale), GPs’ job satisfaction (Warr-Cook-Wall Job 
satisfaction Scale) and GPs burnout symptoms (Maslach Burnout inventory). Prior to the study, 
these questionnaires were tested for face validity in four focus groups with 18 POCUS using GPs 
(unpublished materiel). The Cohen’s 10-item Perceived Stress Scale includes ten items about the 
frequency of stress-related feelings and thoughts. Each item is rated from 0 (never) to 4 (very 
often). Previous research has reported a sum score of ≥ 18 to be a high level of stress43.  The 
Warr-Cook-Wall Job satisfaction Scale includes 9 sub-items measuring facets of job satisfaction 
and one overall item rated on a scale from 1 (extreme dissatisfaction) to 7 (extreme satisfaction). 
In previous research25 a cut-off on the overall item of ≤ 3 has been used to identify low job 
satisfaction. The Maslach Burnout inventory consists of 22 items exploring the following three 
burnout dimensions: (1) emotional exhaustion (9 items) characterised by depletion of emotional 
resources, (2) depersonalisation (5 items) characterised by emotional detachment from people 
related to work including patients and (3) personal accomplishment (8 items) including perceived 
value of work and self-efficacy. All dimensions are rated on a scale from 0 (never) to 6 (every 
day). A sum score is calculated for each dimension. For each scale, we will calculate a mean sum 
score with SD and a median sum score with IQR.     
For the tertiary outcomes, we will use items previously developed and validated in Danish 
general practice measuring aspects of GP’s job contentment (outcome T1): 

• To which degree do you feel you have the job satisfaction du desire? (to a very high 
degree, to a high degree, to some degree, to a low degree, not at all, I do not know) 

• Do you feel that you are respected by to medical colleagues at the hospital? (to a very 
high degree, to a high degree, to some degree, to a low degree, not at all, I do not know) 

• Do you feel appreciated as a general practitioner in the health care system? (to a very 
high degree, to a high degree, to some degree, to a low degree, not at all, I do not know) 

• Do you feel that you are burdened by a need to keep yourself professional up-to-date (to a 
very high degree, to a high degree, to some degree, to a low degree, not at all, I do not 
know) 

• Do you feel that you are burdened by the risk of making errors and overlooking 
something serious? (to a very high degree, to a high degree, to some degree, to a low 
degree, not at all, I do not know) 

• In your daily work, do you think about the risk of getting involved in legal patient 
complaint? (never, rarely, sometimes, often, very often) 

And questions regrading the GPs’ experience of POCUS use in general practice (outcome T2). 
Here participants will be asked to declare on a 5-point-likert scale if they agree or disagree with 
the following: 

• I have experienced that POCUS use can:  
• Qualify my diagnosis  
• Qualify my referrals 
• Lead to faster diagnosis for the patient  
• Enable me to finalize more treatments  
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• Make it easier to me to manage patient problems  
• Give me more energy in my daily work  
• Give me a professional contentment  
• Give me more variation in my daily work 
• Increase patient satisfaction  

• I have experienced that my use of POCUS is limited by  
• My general workload  
• The time consumption for using POCUS 
• Lack of POCUS education  
• Insufficient POCUS equipment  
• Lack of access to the device  
• My colleagues opposition towards POCUS  
• The fact that I already have easy access to ultrasound examinations in 

secondary care 
• I have experienced that my use of POCUS can 

• be at the expence of other assignmets  
• continuously call for more education  
• increase the patients’ demand for more advanced procedures  
• make it difficult to keep focus on the patients’ thoughts and feelings  
• increase my hours in the clinic  
• make me more exhausted after work 
• make my work more frustrating  

• I am concerned whether 
• the quality of my scans are sufficient 
• I am able to maintain scanning compentence over time  
• POCUS will give a diagnostic insecurity  
• I will overtreat patients  
• I will overlook serious disease  
• I will be able to know the limits of my own abilities  
• I will misdiagnose  
• I will have a legal responsibility if I make a mistake  
• My POCUS will lead to unnecessary extra examinations  
• My POCUS will lead to incidental findings 
• I will be taken on a specialist task that I am not equipped to do  
• I will remove focus from the patient history  
• I will increase the distance between the doctor and the patient 
• Patients will put too mush emphasis on the POCUS results  
• Patients’ concerns will be increased  

And finally, the GPs will be asked to declare on a 5-point-likerts scale if they agree or disagree 
that POCUS use had influenced their sense of perceived stress, job satisfaction or burnout 
symptoms (outcone T3).     
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The GP questionnaire will be distributed to participating GPs prior to the educational 
intervention and after the educational intervention (see Figure 2).  
 
Patient questionnaire (secondary outcome S6)  

A patient questionnaire will be delivered to all patients (≥ 18 years old) examined with POCUS, 
who will be able to provide an informed consent, in month 5-6 after the educational intervention 
(See Figure 2). The participating GPs will deliver the questionnaire to the patient after the 
consultation. Patients will fill out the questionnaires themselves on their own mobile devices 
using a QR code (or alternatively a paper questionnaire). We will use items previously developed 
and validated44. The patients will be asked to declare on a 5-point-likert scale:  

• If they felt informed about the purpose of the POCUS examination  
• If they felt informed about the results of the POCUS examination  
• If they were informed about the difference between POCUS and traditional ultrasound examinations  
• If they thought the POCUS examination was a natural part of the consultation? 
• If they thought the POCUS examination was disturbing in the consultation with the doctor? 
• If they thought the contact between the doctor and themselves was improved or worsened? 
• If they thought the ultrasound examination gave them a better or poorer understanding of their health 

problem? 
• If they felt more thoroughly or less thoroughly examined after the ultrasound examination? 
• If they felt more or less taken seriously. 
• If they felt more or less secure? 
• If they thought the ultrasound examination had a large or small impact on the treatment they received? 
• If their confidence in the GPs assessment of their health problem had increased or decreased? 
• If they thought the ultrasound examination makes the level of service at the GP’s office increase or 

decrease? 
• If they thought the ultrasound examination makes the quality in care at the GP’s office increase or 

decrease? 
• Their overall experience with the ultrasound examination performed by the physician? 

The were also asked to declare on a scale from 1-10:  
• How likely they were to recommend the ultrasound examination to other patients having the same health 

problem and the same physician? (NPT score) 
 
As these patient questionnaires cannot be linked to other study data, the patients will be asked to 
provide the following background information about themselves: age, gender, level of education, 
employment, location of practice (region in Denmark) and area examine with POCUS during the 
consultation (abdomen, heart, lung, musculoskeletal, gynaecological).   
 

GP registration of possible adverse events: (outcome S7)  

For the registration of possible adverse events, we will use a questionnaire giving the GPs the 
possibility to explain in free text using their own words to explain (1) what was scanned, (2) 
circumstances surrounding the scan, (3) what happened, and (4) reflections after the scan. This 
reporting of cases will be anonymous. Data will be collected from the educational intervention to 
the end of the study. We will report the aggregated total number of monthly registrations for 
each participating GP. The free text elaborations will not be reported, but passed on to the safety 
committee (see section 5d). The registration of adverse events for the study does not substitute 
the GP’s registration of untoward incidents required by Danish law (https://stps.dk/da/ansvar-og-
retningslinjer/vejledning/rapporteringspligt/).  
 
Evaluation of the patient pathway and quality of selected POCUS examinations: (outcome S8) 

https://stps.dk/da/ansvar-og-retningslinjer/vejledning/rapporteringspligt/
https://stps.dk/da/ansvar-og-retningslinjer/vejledning/rapporteringspligt/
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After the study (July 2024), participating GPs will be instructed to make an evaluation of the 
patient pathway following selected POCUS examinations. A separate protocol will be developed 
for this part. The GPs will be asked to make a registration for each patient, who has been 
examined with a specific POCUS examination. Based on information found in the medical 
record the GP is asked to register the following information for each patient: (1) If the patient 
had subsequent imagining following the index consultation where POCUS was used by the GP, 
(2) if the patient was later re-examined for the same health complaint by the same GP, (3) if the 
patient was later re-examined for the same health complaint by another physician, (4) if the 
diagnosis at the index consultation was used was later confirmed og dismissed, (5) if the 
ultrasound findings in the index consultation was later confirmed og dismissed, (6) if there were 
any adverse events identified that where related to the POCUS examinations or the following 
course for the patient.   
 

Background characteristics of participating GPs 

At baseline the following participant characteristics will be collected in a baseline questionnaire: 
Age (years), gender (M, F, other), seniority (year of graduation from medical school), experience 
(years working as a GP), previous use of ultrasound (number of years with regular use), previous 
ultrasound training (yes,no), scanner type (low range, mid range, high end), practice owner (yes, 
no), type of practice (collaboration, partnership, solo), location of practice (urban, rural, mixed), 
distance to the nearest imaging facility, number of patients assigned to the practice, and number 
of GPs working in the practice. In addition, we will register GP’s participation in educational 
activities during the educational intervention.  
 
Characteristics of scanned patients 

From PLSP, we will receive the aggregated data (age, gender) on patients, who have had a 
POCUS fee-specific code registered in their medical record during the study. Age and gender are 
calculated based on patient ID in the medical records in the clinics (CPR numbers). These data 
are extracted and transferred to CAM AAU anonymously.    
 
The collected characteristics of participating GPs and scanned patients will be used to describe 
the population and to do sensitivity analyses.   
 
13 Time schedule  

Approval of the study by Danish Regions and PLO: June 2022 
Allocation of clusters: June 2022 
Recruitment: June – September 2022 
Registration of the study in Clinical Trials: October 2022 
Participant allocation: October 2022  
Ethical approval: November 2022 
Data collection: (Time of data collection for each cluster is illustrated in Figure 2).   

• Retrospective data collection using register data (Primary outcome P1 and P2 and secondary outcome S2 
and S5): January 2023 – June 2024. 

• Prospective data collection using GP questionnaires (Secondary outcome S2-S4): November 2022 – May 
2024. 

• Prospective data collection using patient questionnaires (Secondary outcome S6 and S7): June 2023 – June 
2024 

• Prospective data collection using GPs’ registration of unwanted cases (outcome S8): January 2023 – June 
2024.  
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• Background characteristics on participating GPs are collected at the first teaching seminar: January 2023 – 
January 2024.  

• Retrospective evaluation of medical records are collected in July – October 2024.  
Cleansing of data and data analysis: July 2024 – December 2024 
Reporting of the study: 2025  
     
14 Sample size  

 
This is a pragmatic trial where size of the sample is given by the collective agreement between 
PLO and the Danish Regions. We plan to make post-hoc power calculations to support the 
reliability of our analytic findings. 
 
15 Recruitment  

 
All GPs working in Danish general practice will be invited to participate in the study by newsletter 
invitation circulated by PLO to all PLO members. The newsletter will contain a link to a questionnaire in 
which the GPs will be asked to specify their name, practice, location of practice (region in Denmark), 
distance to nearest ultrasound scanning service, whether or not they are already using POCUS, whether or 
not they will have access to an ultrasound device during the educational intervention, and whether or not 
they are willing to share data. There will be a deadline (September 1st 2022) for responding to the 
invitation. 
 
Following the deadline for signing up to participate in the study, the GPs reply to the questionnaires will 
be screened according to the inclusion and exclusion criteria to make a list of eligible participants 
fulfilling all inclusion and none of the exclusion criteria: 
 
Selection of participants 
The selection of participants follows the below prioritizing. 

1. The list of eligible participants will be sorted based on geography (based on regions) and 
according to the GPs distance to the nearest ultrasound scanning service. In each region, the 40 
GPs with the longest distance to an ultrasound scanning service, will be offered to participate in 
the study.  

2. In case a GP, offered to participate in the study, does not wish to participate, the offer will be 
given to the next on the list.  

3. In case there are less than 40 participants in a region, eligible GPs from the neighbouring region 
with the longest distance to an ultrasound scanning service, will be allocated to the region with 
less than 40 participants. 

4. GPs, who have signed-up to participate in the PLO-courses held in 2022 will be excluded from 
participating in this study, as they will have participated in the preparatory studies.  

5. POCUS-users account for approximately 12% of all PLO members (unpublished data). 
Therefore, only approximately 12% (five GPs per region) of eligible participants can be POCUS-
users. If the prioritized list includes more than five POCUS-users, we will consider the first five 
POCUS-users on the list and exclude the remaining POCUS-users giving way for non-users 
further down the list to be considered.  

 
Hence, the final list of eligible GPs, who will be offered participation in the studies, will include 200 GPs, 
with a maximum of 25 POCUS-users, working in the general practice clinics with the longest distance to 
ultrasound scanning services.  
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Assignment of interventions  
16a  Allocation Sequence generation 

When the GPs sign up to participate in the study, they will be able to see the dates for the 
teaching seminars at each location, but they will not be able to choose between these (their 
assignment to a specific cluster will be determined by randomization).  
Once 200 GP have been allocated to the five regions used in the SW-CRT, the 40 participants 
allocated to each region will be randomized to participate in one of the two clusters: North 
Denmark Region (Aalborg or Sæby), Central Denmark Region (Aarhus or Herning), Region of Southern 
Denmark (Vejle or Odense), Region Zealand (Roskilde or Næstved) and Capital Region of Denmark 
(København V or Lyngby).  
 
Randomisation will be performed on two levels – cluster order and individual participation at a 
specific time. 
 
Order of clusters 

First, the overall order of all clusters will be randomized. I.e. the order of the clusters defined by 
each location are decided based on simple randomization -drawing an anonymous paper slip at 
random order with one of the following texts: Aalborg, Sæby, Aarhus, Herning, Vejle, Odense, 
Roskilde, Næstved, København V and Lyngby. From this an order for the delivery of courses is 
established (Figure 2). This randomisation and the fixed timeline for the delivery of these 
courses will be done on June 17th 2022 in order to plan and prepare the delivery of the 
intervention.   
 
Participants’ time of intervention 

The randomisation of participants at a given location to receive the intervention at one of two 
time points of will take place after the deadline for signing up for the course prior to the start of 
the data collection (October 2022). The randomisations will be done by a research assistant not 
involved in assessment or delivery of the intervention (the randomisation process will be video 
documented). Following this randomization process, the GPs will be offered participation in the 
SW-CRT by e-mail including a link for the PLO-e course allocated to the specific cluster.   
 

16b Allocation concealment mechanism 

n/a 
16c Implementation 

n/a 
 
17 Blinding  

The researcher cleaning the data set and responsible for analyzing the primary outcome will have 
no knowledge of participants. He is a researcher with a physiotherapy background. 

Data collection, management, and analysis 
 

18a Data collection - Plans for assessment and collection of outcome, baseline, and other 

trial data 

Data will be collected at different timepoints (see Figure 2).  
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Register data: Data regarding different POCUS examinations, number of referrals, number of 
consultations will be delivered by PLSP (outcomes P1-P2, S1 and S5). The data are registered 
prospectively by participating GPs in the medical records during from October 2023 to June 
2024. We will receive these data retrospectively from PLSP, who will use an algorithm to collect 
monthly aggregated data for each participating GP. Due to availability of reimbursement codes 
in the medical record system, primary outcome P1 is collected in months 3-21, while primary 
outcome P2 and S1 is collected in months 1-21. 
From PLSP, we will receive the following aggregated data on patients (age, gender) calculated 
based on patient ID in the medical records in the clinics (CPR numbers). These data are extracted 
and transferred to CAM AAU anonymously.   
 
GP questionnaire: For the cross-sectional questionnaire exploring burnout, stress and job 
satisfaction before and after the educational intervention, an online questionnaire will be 
distributed by email to participants and a possible reminder will follow after two weeks. The 
questionnaire will be collected through SurveyXact (Rambøll, Aarhus, Denmark).  
 
The questionnaire collecting background characteristics on participating GPs will be collected on 
the first teaching seminar using a QR code to an online questionnaire SurveyXact (Rambøll, 
Aarhus, Denmark). 
 
At the teaching sessions, participating GPs will be taught how to report AE and SAE related or 
possibly related to the use of POCUS as well as near-miss cases. These events will be reported as 
anonymous cases to the study adverse event committee in an online questionnaire specifically 
designed for this purpose. The participants will have a link for an online questionnaire in 
SurveyXact (Rambøll, Aarhus Denmark) where they will register: (1) Type of POCUS, (2) 
indication for the examination, (3) description of the event, (4) participant’s reflections after the 
events and (5) questions for the adverse events committee.    
     
Patient questionnaire: Following the consultation in general practice all patients who are (1) 
≥18 years of age, (2) able to provide informed consent and (3) who have been examined with 
POCUS are offered the opportunity to participate in a questionnaire study exploring their 
experience of being examined with POCUS in general practice. The patients are given 
information about the study by their GP. If the patient agree to participate, the GP will deliver a 
QR code to an online questionnaire (SurveyXact, Rambøll, Aarhus, Denmark) or a paper 
questionnaire in a sealed envelope to the patient. The patient will then fill-out the questionnaire 
in the waiting area before they leave the clinic. Online questionnaires are directly transferred to 
the SurveyXact database and from there transferred to the secure AAU server, while paper 
questionnaires are kept in the sealed envelopes in the clinic until they are collected by a research 
assistant from CAM AAU.     
 
18b Data collection - Plans to promote participant retention and complete follow-up 

During the study, the principal investigator is available for consultation for the participating GPs 
in order to resolve any problems or obstacles. Monthly remainders will be sent to the 
participating GPs remaining them to include patients and contact the research team in case of 
problems.   
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19 Data management 

 
All study data registered on the online platform will be transferred and imputed in an excel sheet 
at the end of the educational intervention. All digital study related data collected by PLSP or 
SurveyXact are stored on secure server on Aalborg University and handled according to the 
General Data Protection Regulation (GDPR). 
 
The data management will follow the rules of GDPR and the Danish Data Protection Agency. 
All study data will be stored on a secure server at Aalborg University. Questionnaire data will be 
collected using the online platform SurveyXact (Rambøll, Aarhus, Denmark). A data 
management agreement has been made between Rambøll and Aalborg University. At the end of 
the data collection, data will be moved from SurveyXact to Aalborg University’s server.    
Register data will be collected by PLSP. Data management agreements between PLSP and 
Aalborg University will be made prior to the collection of data. PLSP will receive data from the 
different IT suppliers for the general practice clinics. Data management agreements between the 
IT suppliers and PLSP as well as the GP clinics and the IT suppliers already exists. For this 
specific study, we will develop an instruction for the GPs to incorporate in the existing data 
management agreement prior to the collection of data.   
 
20a Statistical methods for analysing primary and secondary outcomes.  

All statistical analyses will be performed using STATA version 17 (StataCorp, Texas, USA).   
 
The principles of Intention-to-treat is followed in the analysis. If a GP e.g. misses one teaching 
seminar, we will still consider the GP has having completed the educational intervention. Data 
will be analyzed according to a pre-established Statistical Analysis Plan (SAP) in consultation 
with a statistician. For the primary outcomes (continuous data), we plan to use linear regression 
models adjusting for the fixed effect of time and the random effects of clusters.  
Due to the nature of the study the intervention cannot be blinded to the participants, but for 
statistical assessment, data will be blinded as regard to time of collection and location. 
 
20b Methods for any additional analyses (e.g. subgroup and adjusted 

analyses). 
Sensitivity analyses and sub-analyses will be performed to explore the importance of different 
educational elements in the intervention and background characteristics of participating GPs. 
These sub-analyses will be defined in the statistical analysis plan.   
 
20c Missing data  

A sensitivity analysis will be performed in cases, where missing values are not considered 
random. 

Data monitoring 
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21a Data monitoring committee (DMC). 

The principal investigator (CAA) will monitor the data collection and contact the project steering 
committee in case of problems related to data collection or the validity of the collected data. The 
principal investigator (CAA) will also contact the steering committee in case of participant drop-
out.    
 
21b Description of any interim analyses and stopping guidelines, including who will have 

access to these interim results and make the final decision to terminate the trial 

n/a 
 
22 Harms  

 
Ultrasound examinations are safe to perform on patients and radiation-free procedures45. 
Previous studies have found high diagnostic accuracies of POCUS examinations in the hands of 
generalists such as GPs46. Still, introducing a diagnostic test may lead to an increased number of 
incidental findings and possible over-detection and overdiagnosis. A previous review of 564 
medical records from patients examined with POCUS in Danish general practice did not reveal 
any adverse events related to POCUS use (unpublished data). However, patients generally put a 
lot of emphasis on diagnostic tests. Hence, the GPs are taught how to communicate the limits of 
their POCUS examination to patients to avoid false expectations and false reassurance.     
 
The participating GPs will be obliged to report any Suspected Unexpected Serious Adverse 
Reactions (SUSARs), Serious Adverse Events (SAEs) and Adverse Events (AEs) related or 
possibly related to the use of POCUS to the adverse event committee. This reporting does not 
substitute the GP’s registration of untoward incidents required by Danish law 
(https://stps.dk/da/ansvar-og-retningslinjer/vejledning/rapporteringspligt/). 
 
23 Auditing 
n/a 

Ethics and dissemination 
A minority of Danish GPs (12%) are already using POCUS in general practice. They have 
assembled their POCUS education individually and they are using POCUS very differently1 2. 
This study aims to explore the effects of a tailored educational program for GP, framing specific 
evidence-based POCUS examinations to the general practice context. All scanning modalities 
included in the curriculum have previously been tested and evaluated in Danish general practice. 
Focused POCUS use in general practice has the potential to lead to faster and more precise 
diagnosis for patients seen in general practice.     
 

24 Research ethics approval 

The study will be performed in accordance with the Declaration of Helsinki. The project was 
notified to the regional ethical committee (The North Denmark Region Committee on Health 
Research Ethics, registration number 96036), who responded that do ethical approval was 
necessary. The project is registered and conducted according to the regulations of the Danish 
Data Protection Agency (registration number 2022-068-03601).  

https://stps.dk/da/ansvar-og-retningslinjer/vejledning/rapporteringspligt/
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25 Protocol amendments  
Any modifications to the protocol that will impact the conduct of the study such as study 
objectives, study design, patient population, sample sizes, study procedures or significant 
administrative aspects will be registered on clinicaltrials.gov. 
 
26a Consent or assent  

Informed consent form the participating GPs will be collected by the principal investigator prior 
to the study. Patients, who participate in the patient questionnaire are asked to provide consent to 
the collection and analysis of these data.   
 
During the study (January 2023-June 2024) participating GPs will inform patients about the 
study by making a written description of the study available in the clinic (see attached patient 
information).   
  
26b Additional consent provisions for collection and use of participant data and 

biological specimens in ancillary studies, if applicable 

Prior to the collection of retrospective register data by PLSP, we will seek The North Denmark 
Region for permission to use of data from patients' medical records without patient consent 
based on Danish Law (Sundhedsloven).    
 
27 Confidentiality  

Personal information about participants consenting to participate will be stored on a secure 
server at Aalborg University. All data will be kept for 10 years after completion of the study 
which in accordance with The European Code of Conduct for Research Integrity.  
 
28 Declaration of interests 

The authors declare that they have no competing interests. 
 
29 Access to data 

During the educational intervention the educational teachers will have access to data on the 
online platform. Participants will during the educational intervention have access to their own 
data shared on the online platform. The following authors will have access to collected data 
stored at the secure server at Aalborg University (AR, MBJ and CAA).  
 
30 Ancillary and post-trial care  

Any participants patients who suffer harm from a GPs’ trial participation will be eligible to seek 
compensation by The Patient Compensation Association.  
 
31a Dissemination policy  

We aim to publish positive, negative or inconclusive results of the study in a peer-reviewed 
journal. The project group will also present results at conferences.  
 
31b Authorship eligibility guidelines  

We aim to follow the definition of authors defined on ICMJE´s four criteria1:  
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• Substantial contributions to the conception or design of the work; or the acquisition, 

analysis, or interpretation of data for the work; AND 
• Drafting the work or revising it critically for important intellectual content; AND 
• Final approval of the version to be published; AND 
• Agreement to be accountable for all aspects of the work in ensuring that questions related 

to the accuracy or integrity of any part of the work are appropriately investigated and 
resolved. 

 
31c Plans for granting public access to the full protocol, participant-level dataset, and 

statistical code 

It is unsure if data can be anonymized sufficiently to be made publicly available. 
 
32 Informed consent materials 

The Danish informed consent form will be attached as an appendix   
 

References 
 

 
1 OECD and European Observatory on Health Systems and Policies. Denmark: Country Health Profile 2019. 2019. 
Available from: https://www.oecd-ilibrary.org/content/publication/5eede1c6-en (assessed 29062021). 
 
2 Søgaard J: Den ufinansierede og uplanlagte opgaveglidning til kommunerne kan ikke fortsætte. Politikken 2020 
Feb 06. Available from: https://politikensundhed.dk/debat/art7640143/Den-ufinansierede-og-uplanlagte-
opgaveglidning-til-kommunerne-kan-ikke-fortsætte (assessed 29062021). 
 
3 Sundhedsstyrrelsen. Skitse til ændret opgaveløsning på udvalgte områder med stor sygdomsbyrde. Sundheds- og 
Ældreudvalget 2018-19 (1. samling) SUU Alm.del - endeligt svar på spørgsmål 410. Available from: 
https://www.ft.dk/samling/20181/almdel/suu/spm/410/svar/1554122/2011508.pdf (assessed 29062021) 
 
4 Sundheds- og Ældreministeriet. Regeringen: Patienten først – nærhed, sammenhæng, kvalitet og 
patientrettigheder. Regerings kommunikationsenhed 2019. Available from: 
https://www.regeringen.dk/media/6165/patienten-foerst-naerhed-sammenhaeng-kvalitet-og-patientrettigheder.pdf 
(assessed 29062021) 
 
5 Aakjær Andersen C, Holden S Vela J, Rathleff MS, and Jensen MB. Point-of-Care Ultrasound in General Practice: 
A Systematic Review. Ann Fam Med January/February 2019 vol. 17 no. 1 61-69. 
 
6 Aakjær Andersen C, Brodersen J, Davidsen AS, Graumann O, Jensen MBB. Use and impact of point-of-care 
ultrasonography in general practice: a prospective observational study. BMJ Open. 2020 Sep 17;10(9):e037664. 
 
7 Aakjær Andersen C, Jensen MB, Toftegaard BS, Vedsted P, Harris M, Research Group Ö. Primary care 
physicians' access to in-house ultrasound examinations across Europe: a questionnaire study. BMJ Open. 2019 Sep 
30;9(9): :e030958. 
 



The POCUS in Practice study  33 

 
8 Aakjær Andersen C, Brodersen J, Davidsen AS, Graumann O, Jensen MB. The dissemination of point-of-care 
ultrasound in Danish General Practice – a national survey. (Unpublished data) 
 
9 McCormick TJ, Miller EC, Chen R, Naik VN. Acquiring and maintaining point-of-care ultrasound (POCUS) 
competence for anesthesiologists. Can J Anaesth. 2018 Apr;65(4):427-436. doi: 10.1007/s12630-018-1049-7. Epub 
2018 Jan 11 
 
10 Bøtker MT, Jacobsen L, Rudolph SS, Knudsen L. The role of point of care ultrasound in prehospital critical care: 
a systematic review.Scand J Trauma Resusc Emerg Med. 2018 Jun 26;26(1):51. doi: 10.1186/s13049-018-0518-x. 
 
11 Andersen CA, Hedegård HS, Løkkegaard T, Frølund J, Jensen MB. Education of general practitioners in the use 
of point-of-care ultrasonography: a systematic review. Fam Pract. 2020 Dec 26:cmaa140. doi: 
10.1093/fampra/cmaa140. 
 
12 Michie, S., van Stralen, M.M. & West, R. The behaviour change wheel: A new method for characterising and 
designing behaviour change interventions. Implementation Sci 6, 42 (2011). https://doi.org/10.1186/1748-5908-6-42 
 
13 Andersen CA, Davidsen AS, Brodersen J, Graumann O, Jensen MB.  Danish general practitioners have found 
their own way of using point-of-care ultrasonography in primary care: a qualitative study. BMC Fam Pract. 2019 
Jun 28;20(1):89. doi: 10.1186/s12875-019-0984-x. 
 
14 Nørøxe KB, Pedersen AF, Bro F, Vedsted P. Mental well-being and job satisfaction among general practitioners: 
a nationwide cross-sectional survey in Denmark. BMC Fam Pract. 2018;19(1):130. Published 2018 Jul 28 
15 Andersen CA, Brodersen J, Rudbæk TR, Jensen MB. Patients' experiences of the use of point-of-care ultrasound 
in general practice - a cross-sectional study. BMC Fam Pract. 2021 Jun 18;22(1):116. doi: 10.1186/s12875-021-
01459-z. 
 
16 Drummond M, Barbieri M, Cook J, et al. Transferability of economic evaluations across jurisdictions: ISPOR 
Good Research Practices Task Force report. Value Health. 2009;12(4):409-418. doi:10.1111/j.1524-
4733.2008.00489 
 
17 Kiritharan S, Johanson MV, Jensen MB, et al. A cost-minimisation analysis of performing point-of-care 
ultrasonography on patients with vaginal bleeding in early pregnancy in general practice: a decision analytical 
model. BMC Health Serv Res. 2022 Jan 11;22(1):55. doi: 10.1186/s12913-022-07463-y. 
 
18 Center for General Practice at Aalborg University homepage: https://www.almenmedicin.aau.dk/ (assessed 
23062021) 
 
19 Dansk Almenmedicinsk Ultralyds Selskab (DAUS). Facebook group: https://da-
dk.facebook.com/dausalmenmedicin/ (assessed 23062021) 
 
20 Hemming K,  Haines TP,  Chilton PJ, Girling AJ, Lilford RJ. The stepped wedge cluster randomised trial: 
rationale, design, analysis, and reporting BMJ 2015;350:h391. 
 
21 Skivington K, Matthews L, Simpson S A, Craig P, Baird J, Blazeby J M et al. A new framework for developing 
and evaluating complex interventions: update of Medical Research Council guidance BMJ 2021; 374 :n2061 
doi:10.1136/bmj.n2061 
 
22 Hemming Karla,  et al. Reporting of stepped wedge cluster randomised trials: extension of the CONSORT 2010 
statement with explanation and elaboration BMJ 2018; 363 :k161 



The POCUS in Practice study  34 

 
 
23 Chan A-W, Tetzlaff JM, Gøtzsche PC, Altman DG, Mann H, Berlin J a, et al. SPIRIT 2013 explanation and 
elaboration: guidance for protocols of clinical trials. BMJ. 2013;346:e7586. 
 
24 Pedersen KM, Andersen JS, Søndergaard J. General practice and primary health care in Denmark. J Am Board 
Fam Med. 2012 Mar;25 Suppl 1:S34-8. 
 
25 Løkkegaard T, Todsen T, Nayahangan LJ, et al. Point-of-care ultrasound for general practitioners: a systematic 
needs assessment. Scand J Prim Health Care. 2020 Mar;38(1):3-11. doi: 10.1080/02813432.2020.1711572. 
 
26 Andersen CA, Frandsen AK, Valentiner-Branth C, et al. Introducing point-of-care ultrasound in Danish general 
practice-elucidating the use through a medical audit. Fam Pract. 2021 Mar 29;38(2):80-87. doi: 
10.1093/fampra/cmaa080. 
 
27 Archer AL, Hughes CA. Explicit Instruction: Effective and Efficient Teaching. 2011 The Guilford Press 
 
28 Nicholls D, Sweet L, Muller A, Hyett J. Teaching psychomotor skills in the twenty-first century: Revisiting and 
reviewing instructional approaches through the lens of contemporary literature. Med Teach. 2016 Oct;38(10):1056-
1063. doi: 10.3109/0142159X.2016.1150984. 
 
29 Andersen CA, Espersen M, Brodersen J, Thomsen JL, Jensen MB, Davidsen AS. Learning strategies of general 
practitioners striving to achieve point-of-care ultrasound competence: a qualitative study. Scand J Prim Health Care. 
2022 Mar;40(1):67-77. doi: 10.1080/02813432.2022.2036483. 
 
30 Ouslander, J.G., Simmons, S., Tuico, E., Nigam, J.G., Fingold, S., Bates-Jensen, B. and Schnelle, J.F. (1994), Use 
of a Portable Ultrasound Device To Measure Post-Void Residual Volume Among Incontinent Nursing Home 
Residents. Journal of the American Geriatrics Society, 42: 1189-1192. https://doi.org/10.1111/j.1532-
5415.1994.tb06987.x 
 
31 Wong C, Teitge B, Ross M, et al. The accuracy and prognostic value of point-of-care ultrasound for 
nephrolithiasis in the emergency department: A systematic review and meta-analysis. Acad Emerg Med. 
2018;25(6):684-698. 
 
32 Everett CB, Preece E. Women with bleeding in the first 20 weeks of pregnancy: Value of general practice 
ultrasound in detecting fetal heart movement. Br J Gen Pract. 1996;46(402):7-9. 
 
33 Meyer R, Lin C, Yenokyan G, Ellen M. Diagnostic Utility of Ultrasound Versus Physical Examination in 
Assessing Knee Effusions: A Systematic Review and Meta-analysis. J Ultrasound Med. 2022 Jan;41(1):17-31. doi: 
10.1002/jum.15676. Epub 2021 Mar 5. PMID: 33675099.  
 
34 Ross M, Brown M, McLaughlin K, et al. Emergency physician-performed ultrasound to diagnose cholelithiasis: A 
systematic review. Acad Emerg Med. 2011;18(3):227-235. 
 
35 Lindgaard K, Riisgaard L. 'Validation of ultrasound examinations performed by general practitioners'. Scand J 
Prim Health Care. 2017;35(3):256-261. 
 
36 Hatori R, Tomomasa T, Ishige T, Tatsuki M, Arakawa H. Fecal retention in childhood: Evaluation on 
ultrasonography. Pediatr Int. 2017 Apr;59(4):462-466. doi: 10.1111/ped.13185. Epub 2016 Dec 22. PMID: 
27706882. 
 
37 Barbic D, Chenkin J, Cho DD, et al. In patients presenting to the emergency department with skin and soft tissue 
infections what is the diagnostic accuracy of point-of-care ultrasonography for the diagnosis of abscess compared to 
the current standard of care? A systematic review and meta-analysis. BMJ Open. 2017;7(1):e013688. 
 

https://doi.org/10.1111/j.1532-5415.1994.tb06987.x
https://doi.org/10.1111/j.1532-5415.1994.tb06987.x


The POCUS in Practice study  35 

 
38 Maw AM, Hassanin A, Ho PM, et al. Diagnostic accuracy of point-of-care lung ultrasonography and chest 
radiography in adults with symptoms suggestive of acute decompensated heart failure: A systematic review and 
meta-analysis. JAMA Netw Open. 2019;2(3):e190703. 
 
39 Andersen CA, Kristansen M, Jensen MB. Action cards as instructions for POCUS use in general practice, NCGP 
2022 Stavanger: Abstact 76: https://www.gyroconference.no/workspace/ncgp2022/Abstract_Book_190622.pdf 
 
40 Michie S, van Stralen MM, West R. The behaviour change wheel: A new method for characterising and designing 
behaviour change interventions. Implementation Science 2011;6(1):42. 

 
41 George JH, Doto FX A five-step Method for Teaching Clinical Skills. Fam Med. 2001; 33(8): 577-8  

 
42 Tolsgaard MG1, Todsen T, Sorensen JL, et al. International multispecialty consensus on how to evaluate 
ultrasound competence: a Delphi consensus survey. PLoS One. 2013;8(2):e57687.   
 
43 Nørøxe KB, Pedersen AF, Bro F, Vedsted P. Mental well-being and job satisfaction among general practitioners: 
a nationwide cross-sectional survey in Denmark. BMC Fam Pract. 2018 Jul 28;19(1):130. 
 
44 Andersen CA, Brodersen J, Rudbæk TR, Jensen MB. Patients' experiences of the use of point-of-care ultrasound in general 
practice - a cross-sectional study. BMC Fam Pract. 2021 Jun 18;22(1):116. 
 
45 Miller DL, Abo A, Abramowicz JS, et al. Diagnostic ultrasound safety review for point -of-care ultrasound practitioners. J 
Ultrasound Med. 2019. Available from: https://doi.org/10.1002/jum.15202 (Accessed 11 Jan 2020) 
 
46 Sorensen B, Hunskaar S. Point-of-care ultrasound in primary care: A systematic review of generalist performed point-of-care 
ultrasound in unselected populations. Ultrasound J. 2019;11(1):31 

https://www.gyroconference.no/workspace/ncgp2022/Abstract_Book_190622.pdf

