Eppel et al. The Ultrasound Journal (2025) 17:24 The Ultrasound Journal
https://doi.org/10.1186/513089-025-00427-3

: ®
Concepts for point-of-care ultrasound i

training in low resource settings: a scoping
review

Friedrich Eppel'?, Friederike Hunstig®, Sabine Bélard**" and Benno Kreuels*®”""

Abstract

Background Point-of-care ultrasound (POCUS) is a potent diagnostic tool especially in resource-limited settings. The
implementation of POCUS diagnostics requires adequate training of POCUS operators. This scoping review aimed

to identify and describe POCUS training concepts that have been applied in low-and middle-income countries
(LMICs).

Methods and findings All studies on diagnostic POCUS training in LMICs that could be found in the Cochrane,
Embase, Google Scholar, and Medline databases up to July 6, 2023, were included and data was extracted for descrip-
tive analysis. The review protocol was registered at OSF https.//doi.org/10.17605/0OSF.I0/8FQJW. A total of 53 publica-
tions were included with 59% of studies (n=31) conducted in Africa and 23% (n=12) in Asia. The majority of studies
(n=41, 81%) described short courses amongst which 40% were one-off sessions and 60% described longitudinal
trainings. Curricula were mostly related to emergency medicine and obstetrics and organ-focused protocols (lung
n=29 (54%), cardiac n=28 (53%), obstetric n=23 (43%)). Trainees were largely medical doctors and clinical officers
with minimal or absent ultrasound skills. Training challenges included resource constraints and lack of context adap-
tation. Best practice recommendations included focus on hands-on training, low trainer to trainee ratio, protected
training time, online training options, use of local trainers, short and concise training manuals in print, continuous
supervision and early and on-going evaluation, as well as tele-mentoring.

Conclusions Context integration and focus on local needs, trainer availability and suitability, durable equipment
and maintenance, as well as emphasis on hands on training including patients with relevant pathology, were key
aspects for targeted and sustainable POCUS training in LMICs identified in this review.
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Introduction

Point-of-care ultrasound (POCUS) is a diagnostic
tool that is increasingly being demonstrated to be
of significant value in the front-line evaluation and
management of a range of clinical conditions across
various medical fields, including obstetrics, emergency
medicine, and infectious diseases in low- and middle-
income countries (LMIC) [1-7].

The “diagnostic gap” has been highlighted as ‘“the
biggest gap in the cascade of care across all conditions,
across all settings” [8]. Consequently, POCUS has been
proposed as an essential diagnostic tool at the primary
healthcare level to help close this gap [8, 9]. Nevertheless,
only a minority of primary care facilities in non-high-
income countries are currently equipped to provide basic
ultrasound diagnostics [10].

In comparison to other cross-sectional imaging
modalities, POCUS has several advantages. These include
lower cost, the availability of small portable devices, and
the absence of radiation protection requirements [9]. A
recent review by Abrokwa et al. emphasized the potential
of POCUS to enhance patient management by non-
specialist front-line healthcare providers in LMICs. The
concept of “task-shifting” POCUS represents a promising
approach to address the shortage of specialists [6].

The implementation of POCUS requires the provision
of appropriate training for POCUS operators [9],
which is associated with a number of challenges. These
include the high costs involved, limited infrastructure
in geographic and academic isolation, as well as the
potential for distinct disease spectra, and the need for
sustainability [6, 11, 12]

The aim of this review was to identify POCUS training
concepts in LMICs and to reveal challenges associated
with the conduct of POCUS training in these settings.
Understanding POCUS training approaches and their
challenges can guide the design of future POCUS
training programs that will be required, to roll out access
to POCUS diagnostics in LMICs.

Methods

The primary objective of the review was to identify and
describe the training concepts employed in POCUS
training programs in LMICs. The secondary objective
was to compare identified POCUS training concepts in
relation to POCUS quality, sustainability, scalability and
medical condition.

We conducted a scoping review in accordance with the
PRISMA Extension for Scoping Reviews (PRISMA-ScR)
guidelines and checklists [13] and the recommendations
of JBI's Manual for Evidence Synthesis on Scoping Reviews
[14] as well as the Updated methodological guidance for
the conduct of scoping reviews [15].
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The review protocol for this research was registered
on November 21st, 2022 with Open Science Framework
(OSF) with the https://doi.org/10.17605/OSEIO/8FQJW.
As published and publicly available literature forms the
basis of the review, ethical approval was not required for
this investigation.

Database search

A search of the electronic databases Medline, Embase,
Cochrane, and Google Scholar was conducted on
December 8th, 2022 with an update performed on July
6th, 2023. The search strategy was formulated using the
Participants/Population-Concept-Context (PCC) method
[16] and centered around the three main themes: point-
of-care ultrasound, training and low- and middle income
countries. The terms “point of care ultrasound’, “POCUS,
“bedside ultrasound’, “point of care sonography’, “bedside
sonography” or “bedside echocardiography” were used
as synonyms. LMICs were listed in accordance with the
World Bank Definition from 2022 [17]. Additionally, the
terms “low income country’, “middle income country’,
“developing country” as well as “resource limited setting”
were employed as synonyms. Alternative search terms
for “training” were “education” or “course” The complete
search strategy for Pubmed/Medline can be found in
the supplementary material (Supplement 1). The search
strategy was modified for the Embase and Cochrane
databases using the “Polyglot Search Translator’;, a tool
designed to facilitate the translation of search syntax
between different databases [18].

Eligibility criteria

In accordance with the PCC method, the participants/
population were defined as all frontline healthcare
providers not specialized in imaging, utilizing or
intending to utilize POCUS. Publications focusing solely
on providers with specialized expertise in imaging, such
as radiologists, echo specialists, specialized obstetricians
and professional imaging technicians were excluded
from this review. The concept was defined as POCUS
training, where POCUS is understood as a diagnostic
method that enables clinicians to answer simple and
specific clinical questions at the bedside with the aim
to guide clinical management. For the purposes of this
review POCUS training was defined as any formal
teaching or learning activity with the objective of
enabling health care providers to perform POCUS and/
or to enhance their POCUS performance. The context
under investigation was all POCUS training settings in
LMICs, including on the job training settings as well as
distant learning and simulator-based settings. Studies
on advanced ultrasound training (not POCUS) aimed
solely at specialized or specializing health care providers
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(like radiologists, echocardiographers, professional
imagers) were excluded. Moreover, publications on the
training of POCUS providers in high income countries
as well as publications on the training of exclusively
procedural ultrasound were excluded. The review
included published literature containing original data.
No restrictions were placed on the year of publications.
No language restrictions were applied during the search
and screening process. However, one potentially eligible
study published in Chinese was excluded due to the lack
of a reliable translation for data extraction [19].

Data methodology

Publications were organized in Endnote 20 [20]. Title,
abstract and full-text screening were conducted using
Rayyan QCR, a web application designed for the
management of systematic reviews [21]. Following the
removal of duplicates, two independent reviewers (FE,
FH) conducted title and abstract screening in accordance
with the pre-defined selection criteria. Subsequently
two independent reviewers (FE, FH) undertook a full
text screening of all eligible publications. Discrepancies
were resolved through discussion with two further
reviewers (SB, BK). A comparison of the data extracted
by the two reviewers (FE, FH) from a random sample
of 10% of the total material yielded no discrepancies.
Consequently, the remaining 90% of publications were
subjected to data extraction by one reviewer (FE or FH)
and subsequently verified by the other reviewer (FE or
FH). A comprehensive pre-specified dataset including
the following elements was extracted: authors, title,
year of publication, study design, country, target clinical
specialty, study objective, trainee and trainers’ details,
duration of training, training content, mode of delivery,
ultrasound devices used, training challenges, evaluation
methods, evaluation challenges, key findings, limitations.
The data was organized and analysed using Microsoft
Excel (Version 16.66.1) and presented in a descriptive
manner with the use of text and tables.

Quality assessment of studies

To assess the methodological quality of the included
studies a five-question critical appraisal tool was
developed for this study, based on previously published
tools [22, 23]. Each question could be answered with one
of the following options: yes/partly/no/not applicable.
Different numerical scores were assigned to each
answer (yes=2 points, partly=1 point, no=0 points).
A score of 9-10 was deemed to indicate a high level of
methodological quality, 7-8 was considered to indicate
a moderate level of methodological quality, and a score
of less than 7 points was considered to indicate a limited
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level of methodological quality. The complete tool can be
accessed in the supplementary material (Supplement 2).

Results

The database search yielded 357 unique publications. Fol-
lowing title and abstract screening 174 publications were
retrieved for full text screening. A total of 121 records
were excluded during full text screening and 53 publica-
tions were included for synthesis (Fig. 1 “PRISMA Flow
diagram of literature search and review”) [24—76]. Most
included studies were cross sectional (68%) without
longitudinal follow-up and most studies collected data
prospectively (87%); most publications employed quanti-
tative methods (71%) (Supplement 3). Seventy percent of
records were published within the past 5 years (between
2018 and 2023). All studies that met the inclusion cri-
teria and were included in the review were published in
English.

Methodological quality of included studies

Of the 53 studies, nine studies (17%) were deemed to
exhibit high methodological quality, 22 studies (42%)
were rated as having moderate quality and 22 studies
(42%) were evaluated as having limited methodological
quality (Supplement 4, Supplement 5). All studies
meeting the inclusion criteria were analysed, regardless
of methodological quality. The primary limitation was
inconsistently reported and missing data, which varied
across studies and affected generalizability. No studies
were excluded based on data completeness alone, but
missing data points were noted. While methodological
limitations existed, our focus on descriptive data rather
than outcome comparisons minimizes their impact on
findings.

Study objectives

The publications included in this review had varying
study objectives, that were grouped in three main
categories: (i) studies focusing on training design
(n=27, 51%), i.e., training setup, practicalities, training
curriculums and the feasibility of conducting POCUS
trainings in a certain setting [24, 27-29, 31, 35, 37,
38, 43, 45, 47, 48, 51, 53, 55-60, 63, 68-71, 73, 76]; (ii)
studies focusing on clinical utility (n=7, 13.2%), i.e.,
appropriateness of POCUS or certain POCUS modalities
in different, new or specific settings [25, 30, 39, 44,
52, 66, 74]; and (iii) studies evaluating short- and long-
term POCUS competence and uptake (n=19, 36%) [26,
32-34, 36, 40-42, 46, 49, 50, 54, 61, 62, 64, 65, 67, 72,
75]. Although some studies focused on clinical utility or
evaluation of POCUS skills, all publications included in
this review provided key facts on training designs.
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Records removed before screening:
Duplicate records removed (n = 130)
Records removed for other reasons (n = 0)

Records excluded
(n=182)

Reports not retrieved
(n=1)

Reports excluded (n=121):
Conference Abstract, Background article, Study
protocol (n =57)
Wrong study question (n=16)
Proof of concept of new POCUS modality (n=8)
Not LMIC (N=5)
No POCUS (n=4)
No training (n = 27)
Procedural ultrasound training (n=3)
Language barrier (n = 1)

)
5 Records (n=487) identified from:
s Cochrane (n=2)
- Google Scholar(n=110) -
= Embase (n=224) -
- Pubmed (n=151)
—
) Records screened by title &
abstract —>»
(n=357)
Reports sought for retrieval
> (n=175) -
(=]
[
[}
: )
(%]
n
Full reports assessed for
eligibility - >
(n=174)
—
o
°
§ Studies included in review
T:i (n = 53)

Fig. 1 PRISMA Flow diagram of literature search and review: This flow chart illustrates the study selection process for this scoping review,

following PRISMA guidelines. The initial literature search was conducted on December 8, 2022, with a search update on July 6, 2023. The diagram
outlines the number of records identified, screened, and excluded at each stage, along with reasons for exclusion. It details the numbers of records
removed due to duplication, non-relevant titles/abstracts, and other exclusion criteria, as well as the final number of studies included in the analysis

Geographical distribution

The majority of included publications (n=31, 59%) origi-
nated from the African continent, while 12 (23%) stud-
ies were conducted in South East Asia, seven (13%) in the
Americas, two (4%) in the Eastern Mediterranean Region
and one (2%) study was a multinational study conducted
in Africa and the Americas (Fig. 2; Table 1).

Target clinical setting
Most studies (51%, n=27) conducted POCUS train-
ing for a tertiary or mixed secondary and tertiary care

setting, while 24% (n=13) focused on a primary care set-
ting (Fig. 3; Table 1).

Trainee population

The trainee population was predominantly comprised of
medical doctors, followed by clinical officers, midwifes,
nurses, medical students and radiographers (Table 2).
Although studies focusing solely on training professional
radiographers were excluded, studies reporting the
training of professional radiographers alongside bedside
clinicians were included [39, 58]. Approximately half
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Africa, Americas (n=1)

POCUS modalities

« ABD, CUS, IVC, LUS,
0BG_B, OBG_A, REN/BL

Study countries:

+ Tanzania, Mexico

Africa (n=31)
POCUS modalities:

+ OBG_B: 17 (54,8%)
+ LUS: 17 (54,8%)

+ CUS: 15 (48,8%)

« ABD: 10 (32,2%)

« FAST: 9(29,0%)

* OBG_A: 7(22,6%)
* REN/BL: 5 (16,1%)
* DVT/PVS: 5 (16,1%)
* IVC: 4(12,9%)

« MSC: 4 (12,9%)

* eFAST: 4 (12,9%)
« FASH: 2 (6,4%)

+ RUSH: 2 (6,4%)

« 0CU: 1(3,2%)

Americas (n=7):

POCUS modalities:

* CUS: 4(57,1%)

o LUS: 4(57,1%)

* ABD: 4 (42,9%)

* FAST: 3 (42,9%)

* MSC: 3 (42,9%)
+ REN/BL: 3 (42,9%)
« IVC: 2(28,5%)

+ OBG_B: 2(28,5%)
+ OCU: 2 (28,5%)

« DVT/PVS: 1 (14,3%)

Eastern Mediterranean (n=2)
| Pocus modalities:

.+ Ccus: 1(50%)

 eFAST: 1(50%)

SE-Asia (n=12)
POCUS modalities:
+ CUS: 7 (58,3%)
«+ FAST: 7 (58,3%)
« LUS: 7(58,3%)
* RUSH: 4(33,3%)
« ABD: 3 (25,0%)
* eFAST: 3 (25,0%)
* OBG_B: 3(25,0%)
* FASH: 2(16,7%)
« MSC: 1(16,7%)

POCUS modalities:

ABD: Abdominal MSC: Musculoskeletal

CUs: focused cardiac ultrasound 0BG_B: basic obstetric

DVT/PVS: deep venous i lar  OBG_A: adh i

FAST: focused abdominal sonography in trauma 0ocu: Ocular

€FAST: extended focused abdominal sonographyin  REN/BL: renal/bladder

trauma RUSH: rapid ultrasound in shock and hypotension

FASH: Focused abdominal sonography in HIV and T8
LUS: focused Lung ultrasound

Fig. 2 Geographical distribution of publications incl. POCUS modalities by region: Blue-shaded countries represent study locations, with darker
shades indicating a higher number of studies conducted. Black numbers within each country denote the number of studies per country (note:
asterisks* indicate countries with multinational studies included). Green boxes outline different WHO world regions, showing the total number

of publications from each region (n) and the POCUS modalities reported as being taught within these regions (n=frequency, % = percentage

of total publications from that region). One additional box ("Africa, Americas") represents a single intercontinental study conducted in both Tanzania
(WHO African Region) and Mexico (WHO Region of the Americas), and is shown separately to reflect this cross-regional context

of the publications (n=28, 53%) reported on the
prior ultrasound skills of their trainees, which were
predominantly basic, minimal, or absent. Trainees were
commonly in the first five years of their professional
careers (Table 3). The number of trainees per training
ranged from two to 354 trainees, with median of 17
trainees per training (Table 1).

All but two studies [46, 57] reported training of local
personnel to provide POCUS services locally within their
settings (Table 3). However, in one study trainees from
an LMIC background were trained abroad (in another
LMIC) to provide POCUS services in their home setting
[46]. Additionally, one study reported training for high
income country (HIC) trainees to subsequently provide
POCUS in LMIC settings.

Trainers and training bodies

Most POCUS trainings (n=41, 77%) were held by
universities or official training authorities with either
a local (n=24, 45%) or an international (n=17, 32%)
background (Table 4). Most trainers had an HIC or
mixed background (35% and 11% of studies, respectively,
49% not reported). Only 2 publications (4%) reported an
exclusively local training faculty [36, 38]. The training

faculty predominantly comprised physician trainers (52%
of studies) from diverse subspecialties with the majority
being emergency physicians (n=14, 50% of physician
trainers) (Table 4). The trainer-to-trainee ratios ranged
from 2:1 [75] up to 1:25 [64] with a median of 1:5.5 but
were not consistently reported.

Length of training

The duration of training programs varied significantly
with some lasting only a few hours on a single day and
others extending over a period of twelve months and
more. The majority of programs were of a shorter dura-
tion of up to one month (Fig. 4; Table 1). Most publica-
tions (n=43, 81%) described short courses, amongst
which 40% (n=17) were standalone sessions and 60%
(n=26) included some form of follow-up after the ini-
tial course. Seven publications (13%) reported on lon-
gitudinal trainings, featuring repeated sessions over an
extended period and on-the-job mentoring, lasting from
more than a month to over a year (Fig. 5).

All training-courses comprised theoretical didactic ses-
sions followed by hands on training; 17 publications (32%)
detailed the specific amounts of didactic and hands-on
training with a varying but median theory-to-practice
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TARGET CLINICAL SETTING

unclear
6%

primary
24%

tertiary
38%

primary &
: secondary
11%

secondary
secondary & 8%
tertiary
13%

Fig. 3 Target clinical setting distribution: The pie chart shows

the distribution of target clinical settings across studies. Each sector
represents one of the following categories: primary, primary &
secondary, secondary, secondary & tertiary, tertiary, and unclear
settings. Percentages indicate the proportion of studies within each
category

ratio of 1:3 [25, 27, 34, 35, 37, 46, 47, 49, 51, 54, 55, 62, 68,
69, 72,73, 75].

Ultrasound models and devices

The “models” for practical sessions included healthy
volunteers, healthy pregnant volunteers, simulators,
gelatine models (in cases where procedural ultrasound
was part of the POCUS training) and patients. In general,
most studies that reported on the type of ultrasound
models (n=34, 64%) integrated patients as ultrasound
models (21/34, 62%) (Supplement 6).

Table 2 Trainee population characteristics

Page 10 of 24

A diverse range of ultrasound devices were utilized
(Supplement 7). However, few studies (n=21, 40%) doc-
umented the number of ultrasound devices utilized in
trainings, with a median device-per-trainee ratio of 1:5.6
(Supplement 8). Additionally, actual scanning times per
trainee were not consistently reported.

Training content & POCUS modalities

Formal needs assessments, evaluating commonly
prevalent pathologies and potentially applicable POCUS
modalities, were only conducted before 23% (12/53) of
trainings. [28, 31, 37, 39, 42, 47, 66, 67, 69, 70, 73, 75].
This proportion was fairly similar in publications with
local training bodies such as local universities or local
non-governmental organisations (NGOs) (6/26 23%) [31,
42,47, 66, 69, 70] and those with an international training
body such as international universities or international
NGOs (6/23; 26%) [28, 37, 39, 67, 73, 75]

Twelve studies (23%) reported that the training was
fully integrated in local training schemes or formal cur-
ricula [24, 26-29, 40, 42, 44, 45, 47, 59, 67], 4 studies (8%)
had the training partly included in local training schemes
[46, 65, 72, 74], whereas in 8 studies (15%) it was unclear
if the training was integrated in local curricula or training
schemes [31, 34, 36, 37, 52, 57, 58, 70]. Twenty-nine stud-
ies (55%) did not integrate the training in local training
schemes.

Seven publications (13%) included a training of
trainers’ course [24, 27, 28, 37, 41, 67, 70].

The majority of publications had a multi-disciplinary
training content with a focus on one to two clinical
specialties. The most common specialties were
emergency medicine (n=21, 40%), primary care (n=10,
19%), obstetrics (n=9, 17%), pediatrics (n=4, 8%) and
cardiology (n=3, 6%) (Table 1).

Both organ focused and syndrome focused POCUS
modalities were taught. The most common organ

Trainee population No of publications Median no per Total no of trainees in all References
training (range) publications

Medical doctors 41 (77.4%) 12.5(1-74) 622 [24,27,28,31,33-42,44-58, 60-63,

66,67, 70-74, 76]
Clinical officers 11 (20.7%) 3(2-6) 28 [25,29,31,37, 39,40, 48, 55, 58,72, 75]
Midwifes 10 (18.9%) 20 (3-45) 159 [32,37,41,43,54,57,65,68-70]
Nurses 9 (17%) 4(1-13) 37 [31, 39,40, 54, 56, 58, 59, 70, 72]
Medical students 5(9.4%) 150 (6-342) 740 [26, 29, 30, 64, 72]
Radiographers 2 (3.8%) 2(01-4) 7 [39, 58]

Trainee population characteristics: the table displays information on trainee professions (medical doctors, clinical officers, midwives, nurses, medical students,
radiographers) and their representation in the included studies. For each profession, the table provides: the number of publications (with corresponding percentages),
median number of trainees per study (with range in brackets), total number of trainees across all publications (per subgroup), and references for studies involving

training within each subgroup
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Table 3 Trainees'Background Information
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Trainees’ background

No (%) of publications

References

Ultrasound experience

None 9(17%)
Minimal 11(20.7%)
Basic 2(3.8%)
Mixed 6(11.3%)

Not reported 25 (47.2%)

Avg. work experience (ys)

0 3(5.7%)
1-5 13 (24.5%)
>5 1(1.9%)
Not reported 36 (67.9%)
Socioeconomic background

HIC 1(1.9%)
LMIC 52 (98.1%)

[26, 34, 36, 38,42, 51, 60, 69, 70]
[27,31,32,37,49, 50, 53-55, 67, 73]
[30, 76]

[35, 46, 58,62, 71,74]

[

24,25,28,29,33,39-41,43-45,47,48, 52,
56,57,59,61,63-66, 68, 72, 75]

[26,38,72]

[28, 34, 35,44, 45,47,52, 53,60, 67,68, 71, 74]
[70]

[57]

Trainees’ background information: this table summarizes trainees’ background details, including ultrasound experience level (none, minimal, basic, mixed, or not
reported), average years of work experience (0; 1-5; > 5; or not reported), and socioeconomic background (HIC or LMIC). For each category, the table provides the

number of publications (with corresponding percentages) and relevant references

focused POCUS modalities were focused lung ultra-
sound (55%), focused cardiac ultrasound (53%) and basic
obstetric ultrasound (43%). The most common syndrome
focused protocols were focused abdominal sonography
in trauma FAST (36%) and extended focused abdominal
sonography in trauma eFAST (15%) (Table 5). The most
commonly taught POCUS modalities by WHO region
are presented in Supplement 8. In Africa basic obstetric
ultrasound was the most commonly taught modality (17
studies). In South East Asia and in the Americas Region
lung ultrasound as well as cardiac ultrasound were the
most commonly taught modalities.

Training challenges

Thirty-three publications (62%) reported training
challenges, while 20 publications (38%) did not report
any difficulties conducting POCUS trainings [27, 33, 34,
36, 40, 42, 44, 46, 48, 50, 52, 53, 55, 59-61, 65, 69, 71, 75].

Training challenges classified into five principal
categories: (i) resource constraints, (ii) educational
limitations, (iii) operational challenges, (iv) (lack of)
adaption to local context and (v) environmental and
external factors (details in Table 6). A considerable
number of training programs encountered comparable
challenges, particularly in relation to resources and
operational limitations.

Resource constraints encompassed three sub-catego-
ries: (i) Internet connectivity issues including frequent
outages, poor coverage, slow speed and high cost. Those
internet connectivity issues were hindering tele-men-
toring, timely remote image review and feedback and

limiting uptake of online training materials [39, 41, 47,
56-58, 72]; (ii) Equipment problems included limited
availability of ultrasound devices [26, 32, 45, 67] and
equipment (like probes) [32, 67], scarce local mainte-
nance services [37, 39, 56-58, 66], and concerns regard-
ing equipment theft [41, 57], limiting machine availability
at the bedside for training. Hall et al. reported having
to send 2/3 of their ultrasound machines to the United
States for repairs during the training course, as no local
repair option was available [37]. (iii) High cost was asso-
ciated with equipment, maintenance and image archiving
was another relevant resource constraint [66].

Educational limitations included limited training time
[26, 41, 45, 57, 64, 70, 76] and trainer availability [24,
29, 37, 38], as well as issues regarding training design
[47, 49, 74] and training manuals [31]. Additionally,
Hall et al. reported that trainees had limited experience
with computer handling, having rarely used trackballs,
touchscreens or keyboards. This lack of familiarity
with digital device interaction required additional time
to accustom them to the equipment [37]. Similarly,
Ienghong et al. noted that trainees experienced eye
fatigue due to prolonged screen exposure, to which they
were not accustomed, necessitating additional break
times [47].

The primary operational challenges were competing
clinical duties [39, 45, 51, 58, 70], personnel rotation [35,
67], and trainees’ attrition [37]. Environmental challenges
included the impact of the coronavirus-19 pandemic
[28, 45, 63], extreme weather conditions [43], and power
outages [37, 39, 56]. Adaptation challenges involved
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Table 4 Trainers'background and training bodies
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Trainers’ background

No (%) of publications

References

Geographical background

HIC 19 (35.8%)
Mixed (local & HIC) 6 (11.3%)
Local 2 (3.8%)
Not reported 26 (49%)
Professional background
Physician trainers 28 (52.8%)

- Emergency medicine specialist 14 (26.4%)

- Emergency medicine resident 4(7.5%)

— Pediatrician specialist 4 (7.5%)

— Radiology specialist 4(7.5%)

- Obstetrics specialist 3(5.7%)

- Cardiology specialist 2 (3.8%)

- Family Medicine specialist 1(1.9%)

- Physician specialist (not specified)

9

Medical students 6 (11.3%)

— First year medical students 3 (5.7%)
Ultrasound technicians 3(5.7%)
Professional background not reported 18 (34%)
Training body
Local university or official training body 24 (45.3%)
International university or official training body 7(32.1%)
with local partner
International NGO with local partner 6 (11.3%)
Local NGO or initiative 2 (3.8%)
Training body not reported 6 (11.3%)

[24,27,29,31,32,37,41,48, 49, 54, 56-58, 61,64, 72, 73,75, 76]
[28,43,62,63,70,71]

[36, 38]

[25, 26, 30, 33-35, 39, 40, 42, 44-47, 50-53, 55, 59, 60, 65-69, 74]

25,27-29, 31,32, 34,36-38, 42, 44-48, 55-57, 59, 60, 62, 66, 67, 73-76]
27-29,31,32,34,37,48,57,59, 62, 66,67, 74]
27,28,32,62]

25,27,36,75]

38,66,67,75]

37,66,67]

34, 55]

62]

[42,44-47, 56, 60, 73, 76]

[49, 51,54, 64,72, 74]

[49, 64, 72]

35,55,65]

24,26, 30, 33,40, 41,43, 50, 52, 53, 55,58, 61, 63, 68-71]

[
[
[
[
[
[
[
[

[
[
[24,26,31,33-36, 38, 40, 42, 44-47, 50-53, 55, 60, 61, 68, 69, 74]
[24,28,32,39,41,43,48, 50, 54,57, 58, 62-64, 71-73]

[25,27,37,67,75,76]
(56, 70]
[29, 30, 49, 59, 65, 66]

Trainers' background and training bodies: this table provides information on the background of trainers, including their geographical background (HIC, mixed local &
HIC, local, or not reported) and professional background (physician trainers with subspecialties, medical students with first-year students as a subgroup, ultrasound
technicians, or unspecified professional background). Additionally, the table outlines details on the training body, categorized as a local university or official training
body, international university or official training body, international NGO with a local partner, local NGO or initiative, or unspecified training body. For each category,
the table includes the number of publications (with corresponding percentages) and relevant references

language barriers [37, 54, 64, 72, 73] and curriculums that
did not align with the local context [25, 28, 30, 32, 68].

Included studies’ key findings

The majority of studies (n=46; 87%) reported positive
outcomes including an increase in knowledge, confi-
dence, and POCUS skills or the feasibility of training. The
overall outcome parameters across studies were numer-
ous and varied, thereby precluding direct comparison of
outcomes between studies. Positive outcomes comprised
positive post training assessments with improvements in
test scores and pass rates in practical examinations. The
results of post course surveys indicated an increase in
clinical confidence and an increase in ultrasound usage
following the trainings [27, 50, 59, 62, 70, 71]. However,
7 (13%) publications reported inconclusive or negative
results such as the inappropriateness of distance learn-
ing to acquire practical skills [39, 41, 47, 51, 55, 57, 64].

A detailed summary of reported outcomes is provided in
Table 7.

Best practice recommendations

The recommendations for best practice training outlined
by the authors of the studies exhibited considerable
variation. Some offered detailed guidance for future
programs, while others provided no such guidance.
Recommendations centred around four key themes: (i)
training structure, (ii) trainers, (iii) training manuals, and
(iv) ongoing supervision, feedback, and tele-mentoring
(details in Table 8).

Key suggestions for training structure included main-
taining brief and focused theoretical sessions and
emphasizing hands-on scanning practice [70, 72, 74,
76], advocating for a low trainer-to-trainee ratio {70, 72],
ensuring dedicated time for training [58], and incorporat-
ing online learning elements [45—47]. The preference for
local trainers was highlighted as a means of enhancing
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PUBLICATIONS BY LENGTH OF
TRAINING

20 18
18 ==
16
14
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10 9
8
6 4 5
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0 = | —— | | — | | —— | E
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(>1 day)
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Fig. 4 Number of publications by length of training this bar diagram displays the distribution of publications based on the length of training.
Categories include: up to 1 day, up to 1 week (> 1 day), up to 1 month (> 1 week), up to 1 year (> 1 month), more than 1 year, and unspecified
duration. The length of each bar represents the number of publications in each category, with the exact number displayed at the end of each bar

TRAINING TYPES

training type not reported
2%

I I I
Short courses 7]
7 81% 7]
7
# # #
I I I
K # # #
S I I =
follow up mentoring only 2
4% % i e
R I R

short course + on the job
mentoring + repeat training
11%

short course + on the job mentoring

7

short course + repeat training [
6%

Fig. 5 Distribution of training types: this pie-of-pie chart illustrates the distribution of different training types across studies. The left pie chart
represents the main categories: short courses, longitudinal trainings, follow-up mentoring only, and unspecified training types. The right sub-pie
chart further breaks down short course categories into: one-off short courses, short course with on-the-job mentoring and refresher training,
short course with on-the-job mentoring, and short course with refresher training. Percentages in brackets represent the proportion of total
publications, while segment sizes reflect sub-total percentages within each category

language comprehension and contextual relevance [70].
However, no discernible benefits in outcomes were noted
with the use of translators during sessions [64].

The recommendation for concise and straightforward
printed training materials was also emphasized [31, 70].

To facilitate optimal learning and development, it was
recommended that early evaluations [37], continuous
supervision [56, 69, 70], and tele-mentoring with timely

image review and feedback [24, 39, 47, 56, 58] as well as
online group sessions and teleconferences [24, 39, 47, 56,
58] be employed in order to provide ongoing feedback
and to efficiently distribute the limited availability of
trainers to those trainees who would benefit the most
from such support.
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Table 8 Best practise recommendations
Theme Recommendations No (%) of References
publications
Training structure « Short theoretical inputs with increased scanning times 4 (7.5%) [70,72,74,76]
- Low trainer to trainee ratio 2 (3.8%) [72,70]
- Protected time for training 1(1.9%) [58]
+ Online training 3(5.7%) [45-47]
Trainers - Use of local trainers 1(1.9%) [70]
- No improvements in outcomes with the use of translators 1(1.9%) [64]
during trainings observed
Training manuals « Written training manuals 1(1.9%) [70]
« Online training materials the least useful 1(1.9%) [72]
- Short & concise reading materials 1(1.9%) [31]
Ongoing Supervision, Feedback « Early OSCE exams during initial training 1(1.9%) [37]
and Tele-mentoring - Supervised scanning sessions 3 (1.9%) 169, 70, 56]
«Image review and feedback (tele-mentoring) 3(1.9% [24, 62, 69]
« Online group sessions and teleconferences (tele-mentoring) 5(1.9%) [39, 24,47, 56, 58]

Best practice recommendations: this table outlines the best practice recommendations proposed by authors across various publications. The first column lists
the main categories, including training structure, trainers, training manuals, ongoing supervision, and tele-mentoring. The second column specifies individual
recommendations within each category. The third column shows the number of publications (with corresponding percentages), and the fourth column provides

relevant references

Limitations reported by the authors

The majority of authors acknowledged the limitations of
their studies, with only three publications (6%) failing to
report any such limitations [57, 69, 70]. Some limitations
were intrinsic to the study and training design. These
included the use of small study cohorts (n=24, 45%)
[29-31, 35, 37-40, 42, 44, 45, 48, 49, 53, 58, 60, 61, 63,
64, 68, 71, 73, 75, 76], the lack of long term follow up
(n=10, 20%) [46, 49, 53, 54, 56, 63, 71-74], the exclusive
reliance on a single study site (n=8, 15%) [29, 35, 47,
52-54, 61, 63], the absence of a control group (n=1, 2%)
[43], the lack of blinding (n=2, 4%) [32, 67], the absence
of documentation of pre-course skills (n=3, 6%) [49, 53,
74], and the use of incomplete evaluation methods (n=5,
9%) [26, 27, 45, 62, 76]. Other limitations were related
to insufficient adaptation to the local context, including
the presence of language barriers (n=5, 9%) [27, 30, 49,
51, 72] and the utilization of ultrasound protocols that
were not specifically developed for the setting in question
(n=2, 4%) [25, 29].

Incomplete data emerged as a recurring issue in the
execution of the studies (n=7, 13%) [27, 29, 30, 40, 43,
58, 66].

The potential for bias related to trainee selection was
a frequently discussed topic (n=11, 21%) [33, 35, 48, 51,
53, 61, 63, 64, 67, 68, 74]. Many studies employed volun-
tary enrolment, which inherently selected for trainees
with a pre-existing interest in ultrasound. Consequently,
prior ultrasound experience was repeatedly identified
as a potential confounder (n=5, 9%) [42, 61, 67, 73, 76].

Studies that conducted surveys noted the possibility of
recall bias, particularly in relation to the reported fre-
quencies of ultrasound usage (n=4, 8%) [26, 42, 45, 50]
(details in Table 9). Limitations in training design and
trainees’ participation echoed challenges previously
reported in the “Training Challenges” section.

Discussion

The findings of this scoping review shed light on
the landscape of point-of-care ultrasound (POCUS)
training programs focusing on low-resource settings.
The availability of studies from various regions with
limited diagnostic capacity underscores interest in
and the potential of POCUS education to empower
frontline healthcare providers with the necessary tools
to improve patient care and outcomes. We identified a
surprisingly high number of relevant publications, most
of them prospective and rather recent.

Almost two thirds of publications originated from
Africa, a quarter from Southeast-Asia and some from
the Americas. The predominance of publications from
the African continent aligns with Abrokwa et als
recent review on POCUS task shifting, which similarly
reports a majority of studies originating from the Afri-
can continent [6]. A possible reason for the strong rep-
resentation of studies from Africa could be the shortage
of radiological services and specialised sonographers,
especially in rural areas of Africa compared to other
World Health Organisation (WHO) regions [10, 11].
This aspect might limit the generalisability of findings
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Category Limitation reported by the authors No (%) of References
publications
Study design Small study cohort 24 (45.3%) [29-31, 35,3740, 42, 44, 45, 48, 49,
53,58, 60,61,63,64,68,71,73,75,76]
Lack of long term follow up 10 (18.9%) [46, 49, 53, 54, 56, 63, 71-74]
Study performed at a single institution 8 (15.1%) [29,35,47,52-54, 61, 63]
Impact on patient care/change in clinical management not evaluated 5 (9.4%) [32,35,43,71,74]
Incomplete evaluation method i.e.,, no OSCE, no clinical exam 5(9.4%) [26,27,45,62,76]
Language barriers 5(9.4%) [27,30,49,51,72]
Pre-course ultrasound skills not reported 3 (5.7%) [49, 53, 74]
No blinding 2 (3.8%) [32,67]
Ultrasound protocol not developed for this setting 2 (3.8%) [34, 35]
No comparison to radiological gold standard 2 (3.8%) [25,29]
No control group 1(1.9%) [43]
Study execution Incomplete data 7 (13.2%) [27, 29, 30, 40, 43, 58, 66]
Potential bias Trainee selection as potential bias 11 (20.8) [33,35,48,51,53,61,63,64,67,68, 74]
Previous ultrasound experience as possible confounder 5(9.4%) [42,61,67,73,76)
Possible recall bias 4(7.6%) [26,42, 45, 50]
Grading for OSCE or image quiality is a subjective measurement 3 (5.7%) [42, 49, 63]
Training design Healthy ultrasound models only 3 (5.7%) [36, 49, 54]
Low prevalence of key pathology 3(5.7%) [36, 38, 55]
Limited number of trainers/equipment 2(3.8%) [41, 44]
Short training period 2 (3.8%) [55, 75]
High cost 2 (3.8%) [39, 59]
Participation issues  Participants drop out or turnover 3 (5.7%) [27, 65, 66]
Limited attendance to OSCE/tests/follow up 2(3.8%) [32,51]
Competing clinical responsibilities 2 (3.8%) [33, 43]
COVID 19 1(1.9%) [28]

Limitations reported by the authors: this table summarizes the limitations identified by authors across various publications. The first column lists the main limitation
categories, including study design, study execution, potential bias, training design, and participation issues. The second column provides specific limitations within
each category. For each limitation, the table includes the number of publications (with corresponding percentages) and relevant references

to other world regions but underscores the importance
of POCUS especially in the absence of other forms of
imaging.

Most studies were conducted at tertiary or combined
secondary/tertiary healthcare facilities, contrasting with
the emphasised need for better diagnostics access at the
primary care level in LMICs [8, 9, 11]. Almost half of the
publications reported a local and a third of publications
an international university or official training body. This
could explain the strong focus on tertiary healthcare
facilities as they are more likely linked to university
structures that, as academic institutions, are inherently
more inclined to research and publications. Strategies are
needed to expand access to POCUS training, evaluation,
and research, especially in lower-level healthcare settings
where it is most needed.

Localization & sustainability
Context adaptation and sustainability of POCUS training
programs is key for effective long-term diagnostic
capacity building. To provide locally relevant and
sustainable POCUS training programs, (i) conducting
formal needs assessments, (ii) focusing on integrating
the POCUS training in local training schemes and (iii)
involving local faculty as well as (iv) conducting training
of trainers’ courses is paramount.

Conducting a formal needs assessment before initiating
a POCUS training program is critical to determine ade-
quate content of trainings [12]. However, merely a quarter
of the studies identified in this review reported conduct-
ing a formal assessment evaluating clinical needs prior
to the training. In addition to needs assessments by sur-
veys or interviews of local healthcare providers, POCUS
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programs may be elaborated by weighing approaches
considering disease prevalence, impact of POCUS on
patient management, and difficulty versus ease of respec-
tive POCUS applications [77, 78]. A study from South
Africa evaluating the adequacy of the ultrasound cur-
riculum for emergency physicians at secondary level hos-
pitals within the Western Cape Province, identified lung
POCUS as the most important application, followed by
musculoskeletal POCUS, cardiac POCUS and focused
abdominal sonography in HIV and TB (FASH) [77].
Applying the weighing concept, the South African study
determined eFAST followed by FASH as the most impor-
tant POCUS applications in the local context as these
scored highest on disease prevalence, disease impact
and POCUS difficulty. A study from Malawi that applied
the same weighing approach and comprising different
clinical settings including tuberculosis (TB) and HIV/TB
wards, identified FASH followed by cardiac POCUS as
most important POCUS applications for the local setting
[78]. The most frequently taught POCUS applications
in studies reviewed were primarily related to emergency
medicine and obstetrics. Lung and cardiac POCUS
ranked highest, followed by basic obstetric POCUS and
syndrome-focused applications such as FAST or eFAST;
however, only four studies in this review included FASH.
While the suitability of FASH should be evaluated indi-
vidually for each study setting, given the high prevalence
of TB and HIV across much of sub-Saharan Africa, FASH
appears to be underutilized in training programs across
these settings.

Integration of POCUS training into local training
schemes or formal curricula can enhance the
sustainability of POCUS initiatives, increasing the
likelihood that these methods become established
procedures in routine care. Yet only a minority of
publications reported that POCUS training was either
fully or partly integrated in local training schemes or
formal curricula. Another barrier to needs-focused
training can be the training faculty if it is not familiar
with the local clinical context of the trainees [70].
In around one third of the studies in this review, the
trainers came exclusively from HICs and most trainers
were physician specialists, possibly less familiar with
general medicine, that most health care providers in
LMIC may deal with. A promising strategy for building
sustained capacity is to implement training of trainers
(ToT) programs. However, only seven publications in this
review reported such approaches. Shah et al. [70] present
an example of an innovative and feasible ToT approach:
at a high-volume district hospital, a group of midwives
received a two-week course in obstetric POCUS followed
by clinical supervision. The most skilled and enthusiastic
midwives were selected for a one-day ToT session to
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become “master trainers.” Subsequently, a second group
of midwives from remote health clinics attended an
intensive two-day obstetric POCUS course at the district
hospital. These participants returned to their clinics with
the master trainers, who provided clinical supervision
and proctored scans within the local context. This
approach ensured relevant training while minimizing
disruptions to clinical services at the remote health
centers.

Training practicalities

Practical aspects of trainings varied widely across
publications. Performing POCUS is a complex
psychomotoric task that requires the simultaneous
coordination of hands (for probe positioning, adjusting
settings, and recording on the console), eyes, and brain
(to conceptualize anatomy, evaluate POCUS images
for quality and diagnostic interpretation) [37, 79]. To
develop adequate scanning skills, sufficient training time
is essential. However, most training courses were short,
lasting up to one month, though duration varied widely
from a few hours on a single day to programs extending
beyond a year. Several publications highlighted a lack of
sufficient training time as a common challenge.

In a typical supervised scanning session, one trainee
performs the scan while the trainer stands nearby, and
two additional trainees observe the screen from either
side of the patient’s bed. Any additional trainees may
struggle to see the screen clearly and are unlikely to gain
much benefit. Consistently Denny et al. recommend
low trainer-to-trainee ratios [72] and Shah et al. suggest
an optimal ratio of 1 trainer for every 4 trainees [70].
However, most studies reported higher trainer to trainee
ratios ranging up to 1:25, with a median of 1:5.5. Although
device-to-trainee ratios were inconsistently reported, the
median was low with only 1 device for every 6 trainees.
Under these conditions, it is unsurprising that trainees
experience a lack of sufficient scanning and training time.

Reported theory-to-practice ratios varied widely, with
a median ratio of 1:3. Some authors suggested shorter
theoretical inputs with increased scanning times to
ensure appropriate hands-on teaching [70, 72, 74, 76]
while others advocated for increased use of online (pre-)
training options to reserve in-person sessions for live
scanning practice [45-47].

Training challenges

Training challenges were reported by two thirds of
studies. The main operational challenges were trainee
dropout and competing clinical duties interfering with
training attendance and uptake of supervised scanning
sessions. Due to high patient volumes and staff shortages,
trainees sometimes had to switch between patient
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care and attending ultrasound trainings. Dreizler et al.
recommend assigning protected training times in order
to ensure attendance to POCUS course and supervised
scanning sessions [58].

Limited training time was as a recurring challenge.
A number of methods to overcome this problem were
observed: Some studies performed extended longitudinal
trainings with re-occurring refresher sessions and
ongoing supervision, while others reduced the overall
number of trainees significantly to less than 5 trainees to
ensure sufficient in depth-training. Another commonly
used strategy was to limit the number of POCUS
modalities to only one or two protocols. Each approach
has its trade-offs and needs to be balanced: in-depth
training allows for more thorough knowledge and skill
transfer but is more costly per trainee and time intensive.
Reducing the scope of POCUS modalities taught,
will consequently limit the potential for clinical use.
Although the optimal balance of trainee-to-trainer ratios,
POCUS modalities taught, and the length of training is
still uncertain, the principle of “less is more” in respect
to content appears to be beneficial in making the most
effective use of the available time.

Due to a lack of locally available trainers, many
trainings involved tele-mentoring and remote image
review to provide ongoing feedback and supervision to
trainees. Tele-mentoring was identified as a promising
method to overcome limited on site-trainer time and to
ensure ongoing clinical supervision and remote image
review facilitated timely feedback remotely from an
experienced POCUS trainer to the bedside clinician
in unclear cases. Furthermore, online group sessions
and teleconferences offer the chance to discuss rare
and important cases, and to address current clinical
challenges. To achieve this, reliable internet connectivity
and funding for data packages need to be provided.

Ultrasound training models were most commonly
patients and volunteers (12/34, 35%), exclusively healthy
volunteers (10/34, 29%) or exclusively patients (7/34,
21%). Training solely with healthy volunteers may
prevent trainees from encountering relevant pathologies,
while training exclusively with patients could lead to a
lack of familiarity with physiological findings. A balanced
approach using both physiological and pathological
models may offer the most effective training.

Best practice recommendations

Despite these challenges, the majority of studies
reported positive outcomes, including improvements
in knowledge, confidence, and POCUS skills among
trainees. Best practice recommendations centered
around four key themes: training structure, trainers,
training manuals and ongoing supervision, feedback
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and tele-mentoring (Table 8). Authors emphasized the
importance of maintaining brief theoretical sessions
focusing on hands-on training, assigning training time
protected from clinical duties and incorporating online
learning elements and advocating for a low trainer-
to-trainee ratio to enhance training effectiveness.
Ideally, local trainers should be employed, as the use
of translators was not found to be effective. It was
recommended that training materials be in print, short
and concise to facilitate effective course preparation
and provide easy reference at the bedside. Furthermore,
the recommendation for early and ongoing supervision
and tele-mentoring highlights the need for continuous
support and feedback to sustain the impact of POCUS
training programs in the long term.

Limitations
Several limitations should be considered when
interpreting the findings of this review. The

methodological quality of the included studies varied,
with a significant proportion rated as moderate or
limited. The main reason for limited methodological
quality was missing and inconsistently reported data,
which varied across studies. However, as this review
focuses on descriptive syntheses rather than outcome
comparisons, variations in study quality are not likely
to significantly impact on conclusions. Additionally,
the majority of studies were cross-sectional in nature,
limiting the ability to draw causal conclusions about the
effectiveness of POCUS training interventions. Future
research should prioritize longitudinal studies with
robust study designs to evaluate the long-term impact
of POCUS training on clinical practice and patient
outcomes.

Conclusion

In conclusion, this scoping review provides valuable
insights into current concepts and experiences of
POCUS training programs in low-resource settings. Key
aspects identified were context integration and focusing
on local needs, trainer availability and suitability, durable
equipment and maintenance and focus on hands-on
training, and including patients with relevant pathology
into the training. By addressing these challenges and
leveraging best practice recommendations, training
conceivers, policymakers and healthcare stakeholders
can optimize POCUS education initiatives to enhance
and scale up diagnostic capacity, improve patient care,
and ultimately contribute to the achievement of universal
health coverage in resource-limited environments.
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