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Is remotely supervised ultrasound o

(tele-ultrasound) inferior to the traditional
service model of ultrasound with an in-person
imaging specialist? A systematic review
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Abstract

Background Tele-ultrasound is known to offer potential benefits such as improved access and cost efficiency,
but concerns still exist about image quality, operator skill, and data security. This study aimed to determine
whether remotely supervised ultrasound is inferior to traditional in-centre ultrasound with an in-person imaging
specialist regarding patient care quality, service quality, and access to care.

Methods A systematic search for a critical appraisal of relevant peer-reviewed published literature, as well as a juris-
dictional scan of relevant regulations and standards in other Canadian jurisdictions, was performed.

Results Of the original 6051 discrete records identified through the search, 18 studies were selected for inclu-

sion in the review. They originated from 11 countries, and the patient populations spanned infants, children, adults,
and pregnant women. The medical applications were echocardiography (including fetal), obstetrical ultrasound,
breast ultrasound, thyroid ultrasound, and abdominal ultrasound. The distance between the tele-ultrasound site
and the reference site ranged from 23 to 365 km, or a 30 to 45-min drive. In 3 studies, tele-ultrasound images were
acquired in one country (India, Peru) and interpreted in another (US or UK). The majority of studies reported good
diagnostic accuracy (the proportion of agreement between tele-ultrasound and in-centre ultrasound ranged

from 43.4% to 100%, sensitivity ranged from 43% to 97%, and specificity ranged from 77.4% to 100% across stud-
ies and tele-ultrasound application). Details are displayed in Supplementary Table 2. There was limited evidence

on patients’and providers' perspectives on tele-ultrasound, but in the studies identified, more than half of the patients
surveyed felt that tele-ultrasound was acceptable. Additionally, all comments from providers were positive, includ-
ing their perspectives on the value of tele-ultrasound. The image quality results were mixed. Some studies found
that image quality ranged from at least sufficient quality for diagnosis to excellent. However, some other studies
reported inadequate image quality in up to 36.8% of cases. It is possible that this range of responses may be due

to the varying technical ability/capacity of local tele-ultrasound systems to acquire and transmit images to a remote
reader. Cost savings associated with tele-ultrasound were also reported and attributed mainly to travel costs

for patients.

Conclusion There is no consistent evidence that tele-ultrasound is inferior to in-centre ultrasound, although further
high-quality studies are needed.
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Background

Tele-ultrasound has been defined as “the use of ultra-
sound with voice and video and an additional instruc-
tor, such as an ultrasound-certified physician, who is
remotely connected to it” [1]. Tele-ultrasound was first
used in the 1960s, when scans were performed on US
astronauts with guidance from Mission Control. Since
then, efforts have been made to further develop the
technologies involved in tele-ultrasound, and numerous
applications have been identified. A review of published
studies in 2022 identified strengths and opportunities,
including the practicality of performing tele-ultrasound
(usability in both rural and urban areas), cost efficiency,
and its application in medical education. Potential chal-
lenges included the ability of operators, image quality,
and the safety of personal data [2]. The College of Phy-
sicians and Surgeons of Alberta, the provincial profes-
sional regulator, commissioned this project to inform the
development of standards for tele-ultrasound. The Col-
lege excluded point-of-care ultrasound (POCUS) from
the project, as the standards being contemplated did not
cover POCUS.

Methods

The methods comprised (a) a systematic search for and
critical appraisal of relevant peer-reviewed published lit-
erature and a qualitative synthesis of findings, and (b) a
jurisdictional scan of relevant regulations and standards
in other Canadian jurisdictions.

Literature review

A systematic review of relevant scholarly work was con-
ducted following internationally recognized published

Table 1 Inclusion and exclusion criteria
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methodological guidelines. This comprised the following
steps.

o Identification of relevant papers: A comprehensive,
systematic search for relevant published literature
was undertaken using structured search strate-
gies applied to the following databases: PubMED,
The Cochrane Library, Centre for Reviews and Dis-
semination (DARE, HTA and NHS EED), EMBASE,
EMCARE, Web of Science, Scopus, Proquest, Econ-
lit, JSTOR, and CINAHL. The structured search
strategies were developed in collaboration with a
health information specialist/research librarian and
included relevant controlled vocabulary terms (Med-
ical Subject Headings (MeSH)) and keywords. The
search strategy is attached as Supplementary Mate-
rial A—Search strategy. The searches were restricted
to English-language literature. For completeness, a
manual search of reference lists of included papers
was also undertaken. All of the search results were
entered into EndNote® reference management soft-
ware, and duplicate citations were removed.

o Selection of included studies: Two researchers inde-
pendently screened all titles and abstracts of citations
using the inclusion and exclusion criteria in Table 1.
As needed, they met to compare results, resolve any
discrepancies, and select potentially relevant cita-
tions for retrieval. They then independently reviewed
the corresponding full papers using the same crite-
ria and met to compare results. Disagreements were
resolved through discussion. No third-party review
was necessary.

Parameter Inclusion criteria

Exclusion criteria

Population
require diagnostic ultrasound services

Intervention  Tele-ultrasound

Comparator  Traditional in-person ultrasound services

Outcomes Diagnostic accuracy
Patient outcomes
Patient satisfaction
Provider satisfaction

Service delivery times

Study design
sound

Studies conducted in various healthcare settings, including hospi-
tals, clinics, rural and remote areas, and low-resource settings

Patients of any age group (e.g., neonates, children, adults) who

Studies comparing tele-ultrasound to traditional in-person ultra-

Populations who do not require ultrasound services as part of their
care

Volunteer patients

Experimental or simulation-based tele-ultrasound without patient
involvement

Point-of-care ultrasound
Ultrasound as a screening tool

Technical performance

Studies focusing solely on the technical development of tele-ultra-
sound without addressing clinical or service outcomes
Studies conducted in experimental, lab, or simulated settings
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The original searches yielded 6,051 discrete records,
which were reduced to 18. The study selection process is
illustrated in Fig. 1 (PRISMA flow diagram). This diagram
also presents the reasons for the exclusion. They were:
POCUS; reference test used to validate fetal tele-echo-
cardiography was postnatal imaging; or tele-ultrasound
was used for screening purposes rather than diagnosis.

o Data extraction: Systematic data extraction from
the 18 included papers was done using a standard-
ized data abstraction form/template. The form/tem-

plate included the following information: author(s), .

publication year, country of origin, study type, study
quality, purpose, design, setting, interventions, study
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population, intended outcome (e.g., detection of fetal
abnormalities), outcomes measured, findings, and
limitations. One researcher extracted data from each
paper and a second researcher verified the contents
of the form. For quality assurance, data from 10%
of the papers were extracted by both researchers
and compared to identify and, if necessary, resolve
any discrepancies. For the remaining papers, one
researcher extracted the data, and the other indepen-
dently verified the extracted information to ensure
accuracy and consistency.

Critical appraisal: The methodological quality of
randomized studies and non-randomized studies
was independently assessed by two researchers using

Fig. 1 PRISMA flow diagram
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the QUADAS-C tool [3]. Endorsed by the Cochrane
Group, the QUADAS-C is a generic tool for apprais-
ing the quality of studies of diagnostic test accuracy.
It contains four domains, each of which evaluates a
different risk of bias: (1) Patient selection—whether
patients were selected in a way that could have intro-
duced bias, (2) Index test (the test being evaluated)—
whether it was interpreted without knowledge of the
reference standard (blinding) and applied consist-
ently across participants, (3) Reference standard (the
gold standard test used for comparison)—whether
it was correctly applied and interpreted indepen-
dently of the index test, and (4) Flow and timing—
whether all patients received the same reference
standard, any patients were excluded from analysis
in a way that could have introduced bias, and the
time interval between index and reference tests was
appropriate. Individual studies are scored on each
domain in 3 categories: high, low, or unclear risk of
bias. Discrepancies were resolved through discus-
sion to reach consensus, without the involvement
of a third reviewer. To assess inter-rater reliability,
Cohen’s kappa (k) coefficients were calculated for
each domain prior to consensus. Kappa values were
computed using Microsoft Excel based on observed
and expected agreement, derived from cross-tabula-
tions of the reviewers’ independent ratings (low, high,
or unclear risk of bias) across all included studies.
This measure quantifies agreement beyond chance,
which provides an objective evaluation of consist-
ency between reviewers.

Jurisdictional scan

Each medical regulatory college in the 10 Canadian prov-
inces and 3 territories was contacted via email to request
an interview to collect information on existing practices,
guidelines, or standards, and any geographic (i.e., dis-
tance) restrictions related to the delivery of tele-ultra-
sound. Contacts were identified with assistance from the
staff of the College of Physicians and Surgeons of Alberta.

Results

Description of included studies

Studies were published between 1996 and 2022, and
included 11 countries (China, Ethiopia, India, Japan,
Norway, Peru, Spain, Switzerland, the United King-
dom, and the United States). Patients included infants,
children, adults, and pregnant women, and the number
ranged from 9 to 774. The study period ranged from
2 months to 5 years. The medical applications included
echocardiography (including fetal) (12 studies), obstet-
rical ultrasound (2 studies), breast ultrasound (1 study),

Page 4 of 11

thyroid ultrasound (2 studies), and abdominal ultrasound
(1 study). Across studies, there were considerable vari-
ations in the methods used and outcomes measured. A
summary of the characteristics of the included studies is
provided in Supplementary Material Table 1. Definitions
of technical terms and abbreviations used in the tables
are provided in Supplementary Material B—Glossary and
Abbreviations.

For the purposes of this paper, the tele-ultrasound
“arm” is labeled as “Index test 1”7 The “Reference test” is
the gold standard, and usually an on-site ultrasound by
an expert. All comparisons described in this review are
between the Index test 1 and the reference test, although
some studies utilized a second index test (e.g., videotapes
of images or ultrasounds performed and interpreted
by trainees/physicians who were not experienced in
ultrasound).

With regards to the distance between the tele-ultra-
sound site and the reference site, individual studies
reported distances between 23 and 365 km, 75 km,
100 km, 200 km, 120 km, and in one case, a 30- to 45-min
drive. In three studies, tele-ultrasound images were
acquired in one country (India, or Peru) and interpreted
in another (the US, or the UK).

Personnel involved in the acquisition of tele-ultrasound
images included experienced sonographers, obstetri-
cians, or healthcare providers with limited ultrasound
expertise, such as pediatricians, medical trainees, nurses,
and resident physicians. While sonographers and obste-
tricians had formal training, other providers received
targeted education to perform ultrasound examinations.
Interpreters were radiologists or specialists with exper-
tise in the relevant field, such as cardiologists or obstetri-
cians. Most studies reported the use of real-time expert
guidance and image interpretation.

The most common outcomes reported were: (1) diag-
nostic accuracy metrics (proportion of agreement
between tests, sensitivity, specificity, positive predictive
value, negative predictive value, intra-class correlation
coefficients), (2) change in diagnosis/treatment after
tele-ultrasound was performed, and (3) image quality of
tele-ultrasound. Some studies also reported qualitative
outcomes, such as patient’s and health provider’s con-
siderations. These outcomes are summarized in Tables 2
and 3, with detailed diagnostic accuracy data available in
Supplementary Material Table 2.

Ten studies reported kappa (k) scores to evaluate agree-
ment between tele-ultrasound and in-person ultrasound
by an expert, using Cohen’s kappa, k [4] However, in all
but one, the two interpreters did not examine the same
ultrasound image (instead, they compared interpreta-
tions of images obtained by different means). Although
modified scores were proposed by other authors, e.g.,
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Nelson and Edwards [5], which would have been more
appropriate, there was no evidence that in the nine stud-
ies, they were used. In the remaining study, the value of
was calculated between the experts who interpreted the
same tele-ultrasound images. Intra-class correlation coef-
ficients (ICCs) were also used to evaluate the agreement
on continuous variables (ultrasound indices). Only one of
these studies reported using a two-way random-effects
model for calculating ICCs.

Table 2 Patient and provider perspectives
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Critical appraisal of studies

The results of the critical appraisal of studies are
described in Figs. 2 and 3. "Flow and timing" had the
highest proportion of low-risk studies, with 12 stud-
ies classified as low risk and only two as unclear. Con-
versely, "Reference standard" had the greatest number
of unclear-risk studies (9 studies). Both "Patient selec-
tion" and "Index test" had a more balanced distribution
between unclear and low-risk classifications; however,

Study Patient considerations (%)

Provider considerations

Grant et al. (2010) [11] NR

McCrossan et al. (2011) [13] NR

Performers' satisfaction: Telemedicine is useful: 4.5+0.82 (out
of 5), they felt reassured by the facility: 4.2+ 1.09

Performers'satisfaction rate at the start /end of the study:
average of 2.7/3.8 (out of 5)

Sun et al. (2022) [14]

Lietal. (2022) [15]

Jemal et al. (2022) [18]

Toscano et al. (2021) [19]

Evangelista et al. (2016) [20]

Acceptance: yes—61.9%, uncertain—>5.2%, no—33%
Willing to pay: yes—60.6%, uncertain—11.1%, no—28.3%

Acceptance: yes—63.6%, uncertain—2%, no—34.3%
Willing to pay: yes—59.8%, uncertain—4.1%, no—36.1%

Patients’satisfaction: 96% felt comfortable during the pro-
cedure, 99% agreed that they would recommend

to others, 98% would undergo another tele-ultrasound,
72% were satisfied with the image quality, 77% were satis-
fied with the sound quality, 36% were not comfortable
communicating with remote obstetrician, 98% agreed
that the encounter was private and confidential, 49%
disagreed that they had to wait long to receive healthcare,
309% were unsure or agreed that they had to wait long,
76% agreed that they were given enough information

to prepare for the ultrasound, and 63% agreed that they
had enough time to think about questions and to ask

the remote obstetrician

NR

NR

Providers'satisfaction: Value of tele-ultrasound in diagno-
sis—yes: 69.7%, uncertain: 1%, no- 29.3%

Guidance had a training effect on the performer—yes—
68%, uncertain—2%, no—29.3%

Providers'satisfaction: Guidance is helpful—yes: 62.9%,
uncertain—2.1%, no—35.1%

Guidance had a training effect on the performer: yes: 64.9%,
uncertain—1%, no—34.0%

100% of providers felt: they had received adequate training
for image acquisition, confident in their ability to obtain
images, enjoyed using the system, felt their patients were
satisfied with the care provided, improves access to services

Providers'satisfaction: The confidence level of readers was 3
(out of 3) for all diagnoses

Time saved by cardiologist: 4.2 h/week

Table 3 Image/audio quality

Studies

Quality measures

Lewin et al. (2006) [6]
Mulholland et al. (1999) [7]
McCrossan et al. (2011) [13]
Sun et al. (2022) [14]
Lietal. (2022) [15]

Marini et al. (2021) [16]

Image quality: 94% excellent, 5% adequate, 0.4% unsatisfactory

Image quality: 97% of diagnostic quality

Median video quality 4/5, median audio quality 4/5, median overall quality 4/5

Image quality: 25.2% perfect, 50.1% minor improvement possible, 3% poor quality, 1% undiagnosable

Image quality: 23.7% excellent, 46.4% good, 22.7% flawed but usable for diagnosis, 4% not good
enough, 1% poor and cannot be used for diagnosis

Image quality: 87.6% excellent, 12.4% acceptable

Marini et al. (2021) [17]
Toscano et al. (2021) [19]
Evangelista et al. (2016) [20]

Image quality: 24.3% excellent, 38.9% acceptable, 36.8% poor
Image quality: 61.1% excellent, 38.1% acceptable, 0.8% poor
Image quality: 34% good, 45.4% acceptable, 19.2% poor, 8.7% inconclusive
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they also showed a notable number of studies with a
high risk of bias. The "Index test" exhibited the great-
est number of studies with a high risk of bias (5 stud-
ies). Overall, only one study was rated as low risk of
bias across all four domains, indicating that the major-
ity of included studies had at least one methodological
limitation.

The kappa values indicated high inter-rater agree-
ment across all domains. Specifically, k=0.736 for
Patient Selection (substantial agreement), k=0.831 for
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Index Test (almost perfect agreement), and k=1.000
for both Reference Standard and Flow and Timing
(almost perfect agreement) [4]. These results reflect
high inter-rater reliability and support the robustness
of the risk-of-bias assessments.

Results by outcome
Supplementary Material Table 2 and Tables 2 and 3
summarize the results of included studies by outcome.

Patient

Papers

Selection
Reference
Standard
Flow and
Timing

1 | Lewin et al. (2006) (6)

2 | Mulholland et al. (1999) (7)

3 | McCrossan et al. (2008) (8)

4 | Casey et al. (1996) (9)

5 | Widmer et al. (2003) (10)

6 | Grantetal. (2009) (11)

7 | Alsharqi et al. (2022) (12)

8 | McCrossan et al. (2011) (13)

9 | Sunetal.(2022) (14)

10 | Liet al. (2022) (15)

11 | Marini et al. (2021) (16)

12 | Marini et al. (2021) (17)

13 [ Jemal et al. (2022) (18)

14 | Toscano et al. (2021) (19)

15 | Evangelista et al. (2016) (20)

16 | Hjorth-Hansen et al. (2020) (21)

17 | Kaneko et al. (2021) (22)

18

Sable et al. (2002) (23)
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Quality of Evidence (QUADAS-C Tool)

Flowand Timine _ :
Reference standard _ 9
£
=
£
o
a
Patient selection _ 7
0% 10% 20% 30% 40%

~N

50% 60% 70% 80% 90% 100%

Proportion of studies

mHigh = Unclear ®Low

Fig. 3 Variation in proportion of studies with different risks of bias across domains

Supplementary Material Table 2 contains the infor-
mation on diagnostic accuracy measures reported in
each study.

Diagnostic accuracy

The proportion of agreement between tele-ultrasound
and standard ultrasound refers to the proportion of cases
in which both modalities yielded the same diagnostic
results. In 11 of the 14 studies that reported this meas-
ure, agreement ranged from 86 to 100% [6—16]. Of the
remaining three studies, the first reported values rang-
ing from 43.4% to 94%, and agreement was considerably
lower when visualising the gallbladder (70.1%), diagnos-
ing an abnormal right kidney (65.2%), or diagnosing
an abnormal pancreas (43.4%) [17]. The second study
reported agreement rates ranging from 79 to 100% [18].
Except for the 79% agreement in placental grading, all
other 14 diagnoses had agreement rates of 94% or higher.
The third study reported values ranging from 76.2% to
100%, with 76.2% for confirmation of a live fetus based on
cardiac signs [19]. In this study, the agreement was 85.6%
or higher for the diagnoses reported.

Sensitivity was reported (or calculated from the data
presented in the study) in 8 studies, with 6 demonstrat-
ing a sensitivity of 84% or higher [7, 8, 11, 13, 15, 17]. The
other 2 studies reported lower values for sensitivity. One

study reported a sensitivity of 62.5% for detecting left
atrial dilation and 76% for identifying dilation of the aor-
tic root of the proximal ascending aorta [20]. In another
study, the sensitivity for detecting at least moderate aor-
tic stenosis was reported as 43% (based on 7 analyzed
cases) [21].

Specificity data were also available from 8 studies. The
specificity was 92% to 100% [7, 8, 11, 13, 17, 20, 21],
except in one study, where it was 77.4% [15].

Positive predictive values (PPV) were reported (or cal-
culated from the data in the study) in 6 studies, with five
of them demonstrating PPV values of 89% or higher [7, 8,
11, 13, 15]. In one study [20], the PPV was below 80% for
8 out of 10 diagnoses. However, for mitral regurgitation
and hypertrophic cardiomyopathy, the PPV was 83.5%
and 84.9%, respectively.

Six studies reported negative predictive values (NPV)
ranging from 82 to 100% [7, 8, 11, 13, 20], while one study
reported a lower NPV of 77.4% [15].

Inter-observer agreement [Intraclass correlation coef-
ficients (ICC)] in tele-ultrasound varied depending on
the clinical application. For tele-echocardiography, most
echocardiographic indices demonstrated good agree-
ment, although variation was observed in specific meas-
urements. Mitral early diastolic velocity showed excellent
agreement (ICC=0.94), while tricuspid annular plane
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systolic excursion (TAPSE) had a considerably lower
agreement (ICC=0.44) [22]. Fetal biometry assessments
in obstetrical ultrasound also exhibited differences in
agreement depending on gestational age [19]. In the
second trimester, most measurements exhibited good
agreement, but abdominal circumference only demon-
strated moderate reliability (ICC=0.67) [19]. In the third
trimester, overall agreement declined, with ICC values
ranging from 0.28 to 0.38 for most parameters. However,
estimated gestational age (ICC=0.64) and femur length
(ICC=0.68) maintained moderate agreement. Regard-
ing all gestational periods, agreement was good to excel-
lent, with that for abdominal circumference (ICC=0.81)
at the lower end and that for gestational age (ICC=0.95)
at the upper end. With respect to thyroid ultrasound,
agreement varied across different aspects of assess-
ment. Measurements of thyroid lobe diameters showed
poor agreement, except for those relating to transverse
diameters, which demonstrated moderate agreement
(ICC=0.57-0.58) [16]. In another study on thyroid ultra-
sound, classification using the TI-RADS categories and
evaluation of nodule features exhibited good agreement,
while nodule measurements showed excellent agreement
[15]. Similar patterns were observed in breast ultrasound,
where BI-RADS categories and target nodule measure-
ment achieved excellent agreement. However, certain
parameters related to nodule features only showed mod-
erate agreement [14].

Changes in medical management were examined by
comparing tele-ultrasound interpretations to initial deci-
sions made by physicians performing ultrasound with-
out expert consultation. Changes in diagnosis resulting
from the comparison of tele-ultrasound and in-person
ultrasound by an expert (Reference test) address the diag-
nostic accuracy of tele-ultrasound; therefore, they were
not reported (see paragraph on Proportion of agreement
above). Three studies on tele-echocardiography dem-
onstrated the impact of expert interpretation on treat-
ment modifications and the necessity of urgent transfers
to tertiary hospitals. Consultation with specialists sig-
nificantly reduced unnecessary patient transfers, with
one study indicating that 72% of transfers were avoided
due to expert interpretation [8]. In another study, 5% of
cases were urgently transferred and 30.2% initial treat-
ment plans were altered following expert review of tele-
ultrasound images [23]. The third study elaborated on the
adjustments in family doctors’ initial management strate-
gies after consultation with cardiologists: 75% of patients
did not require conventional echocardiography, 61% did
not need referral to cardiology, 42% did not need clinical
follow-up, and 48% should not have been discharged [20].
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Patient and provider perspectives
Table 2 presents a summary of information on the per-
spectives of patients and ultrasound providers on tele-
ultrasound. Seven of the 14 studies provided varying
amounts of data on these aspects of tele-ultrasound.
Patient considerations Three studies sought patients’
opinions using surveys. Overall, patients were relatively
positive about tele-ultrasound. In two of these studies,
approximately 60% or more of patients found tele-ultra-
sound to be acceptable and the same amount were willing
to pay for the test [14, 15]. However, about a third of them
did not find the test to be acceptable. It is important to
note that these studies were conducted in China, where
differences in the healthcare financing mechanism may
have influenced the findings. In the third study, while pri-
vacy and confidentiality were widely acknowledged, some
patients reported challenges with communication, image
and sound quality, and perceived wait times [18].
Provider considerations Seven studies reported on
some aspects of providers’ opinions (on utility and sat-
isfaction) regarding tele-ultrasound. All the comments
were positive, including confidence in using the system
and the value of tele-ultrasound.

Image and audio quality

Table 3 provides a summary of findings on image qual-
ity, which were reported in 9 of the 18 studies reviewed.
Almost all of these studies concluded that images were
“excellent” or at least of diagnosable quality. However,
images in some studies rated as “poor’, “inconclusive’,
“unsatisfactory” or “undiagnosable” ranged from 0.4% to
36.8%. These variations were likely due to the differences
in how each category was defined across various studies
and the technical capacity of the various systems used to
acquire and transmit images.

Other findings

Time to perform tele-ultrasound varied depending on
the type of ultrasound. Regarding echocardiography, two
studies reported that the mean performance time, includ-
ing consultation time with remote experts, was approxi-
mately 70 min (range 60-79.2 min) [21, 23]. Abdominal
volume sweep imaging was reported to take approxi-
mately 10 min in another study of abdominal imaging
[17]. Two other studies reported the mean performance
time for breast and thyroid ultrasound to be 6.6 and 4.6
min, respectively [14, 15].

Cost savings were reported in 3 studies. The first study,
from 1999, estimated cost savings based on a 74% reduc-
tion in patient transfers, preventing 47 ambulance trips at
approximately £300 ($480) each, resulting in a total savings
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of £14,100 ($22,560) over two years [7]. The second study,
which was published in 2009, compared tele-ultrasound
with standard care, demonstrating per-patient cost reduc-
tions through decreased ambulance transfers and in-person
specialist consultations [11]. The total savings per patient
were £1822, £608, and £739 across the three regional hos-
pitals assessed. The third study, from 2022, reported a cost
savings of 9.2 Ethiopian Birr (ETB) in travel expenses for
patients accessing telemedicine sites compared to trave-
ling to central hospitals [18]. Given that Ethiopia’s Gross
National Income (GNI) per capita (Atlas method) in Ethio-
pia was $1010 US (130,492 ETB) in 2022 [24], the reduction
in travel costs was relatively insignificant.

Impact of distance on performance of tele-ultrasound
was addressed in 13 studies. However, they did not con-
sistently report on temporal remoteness, providing infor-
mation on distances (or traveling times) only between
the tele-ultrasound and in-centre sites only. In six of
these studies, the distance reported ranged from 30 to
346 km. In three, the tele-ultrasound and in-centre sites
were named the same as in the first six studies, so the
distance range would have been the same. In the remain-
ing three studies, the tele-ultrasound site was in one
country (India/Peru) and the expert was in another (US/
UK). Again, the diagnostic accuracy was good or excel-
lent (proportion of agreement in the 90% range, sensi-
tivity and specificity in the 84% to 100% range). Overall,
there was no good evidence of distance being a factor in
diagnosis. There was one possible exception [20], where
the study reported sensitivity for 2 measures (aortic root
or proximal ascending aorta, and left atrium dilation) of
76% and 62.5%, respectively, while the values for the 8
other measures were 80% to 100%.

Jurisdictional scan

The jurisdictional scan of other jurisdictional colleges of
physicians and surgeons yielded relatively scant infor-
mation. Two jurisdictions (Manitoba and Quebec) had
relevant information and consented to an interview.
Table 4 contains a summary of information from Mani-
toba and Quebec. In both cases, the distance between
a tele-ultrasound site and a central imaging centre was
not identified as a consideration in the permitted use of

Table 4 Jurisdictional scan
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tele-ultrasound, and no geographical distance restric-
tions on tele-ultrasound were reported. In the other
jurisdictions, the response was that there were no juris-
dictional regulatory standards in place relating directly to
tele-ultrasound.

Discussion

According to our findings, tele-ultrasound can achieve
diagnostic accuracy comparable to conventional ultra-
sound across several clinical applications. Most studies
reported acceptable to high image quality, with mini-
mal impact from the geographic distance between sites.
Although some concerns regarding audio-visual quality
and training needs were noted, patient and provider sat-
isfaction were generally high. These results suggest the
feasibility of tele-ultrasound as an alternative to conven-
tional ultrasound to improve access to diagnostic imag-
ing in underserved settings, particularly with the support
of remote experts. While real-time (synchronous) tele-
ultrasound might often be considered advantageous due
to the possibility of immediate expert feedback and probe
adjustment, our review could not determine whether
it consistently leads to higher diagnostic accuracy com-
pared to asynchronous methods. This is primarily due
to heterogeneity in study design, clinical settings, opera-
tor experience, and outcome reporting, which excluded
direct comparisons. Further research is recommended to
clarify the benefits of each approach.

Furthermore, the methodological quality of the
included studies varied. Only one study demonstrated
low risk of bias across all domains, while the majority had
at least one domain rated as unclear or high risk. These
limitations reduce the overall certainty of the evidence
and suggest that, while the results are promising, they
should be interpreted with caution.

Our review is different in scope and methodology from
existing literature evaluating tele-ultrasound in Cana-
dian and global contexts. Britton et al. [25] conducted
a systematic review on tele-ultrasound in 2019 and also
analyzed the clinical impact of tele-ultrasound. Their
review was limited to low-resource areas in low-middle
income countries (LMICs) (e.g., Togo, Uganda, Serbia)
while our study included ones conducted in LMICs and

Jurisdiction Geographical restrictions Training requirements

Manitoba No, as long as the remote sites have The person who acquires tele-ultrasound images must be a certified sonographer
accredited ultrasound machines and trained  or have equivalent qualifications
operators

Quebec No There are additional training and requirements for non-physician professionals (notably

technologists) who perform ultrasound examinations without the immediate review
of the radiologist
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also remote areas of resource-abundant countries (e.g.,
the UK). Additionally, they included feasibility studies,
while in contrast, our review only focused on studies that
assessed diagnostic accuracy, patient and provider satis-
faction, and patient outcomes. While both reviews aimed
to evaluate clinical utility, only our review synthesized
diagnostic performance using standardized accuracy
metrics (e.g., sensitivity, specificity, and ICCs), which
results in a more robust evaluation of tele-ultrasound’s
equivalence to conventional imaging.

In addition to the systematic review, two recent
Canadian studies explored tele-ultrasound in spe-
cific contexts [26, 27]. Both studies reported patient
and provider satisfaction, as well as highlighted the
potential of tele-ultrasound to improve access to care
in underprivileged areas. Despite some shared find-
ings, they differed from the studies included in our
review in terms of design, focus, or population. One
study in British Columbia evaluated the feasibility of a
novel mixed-reality tele-ultrasound system in research
environments with healthy volunteers, which lim-
ited clinical generalizability [26]. The study focused
on human—computer interaction, latency, and system
usability, rather than diagnostic performance or clinical
outcomes. Notably, both this study and our systematic
review arrived at the conclusion that long geographic
distance did not adversely affect image quality. Another
study in Alberta implemented a maternal—fetal medi-
cine tele-ultrasound program with an emphasis on
training, triage, and patient experience [27]. However,
they lacked a comparator group (conventional ultra-
sound) for a formal assessment of diagnostic accuracy.
Nonetheless, they pointed out similar benefits, such
as improved access to ultrasound services and high
patient and provider satisfaction, which aligned with
our review’s findings. Although these studies did not
meet our inclusion criteria, both studies offer informa-
tive insights into the implementation of tele-ultrasound
in Canadian healthcare settings.

Our study poses some limitations. Some studies were not
deemed eligible due to the inclusion of solely English litera-
ture. While many included studies demonstrated compa-
rable diagnostic performance between tele-ultrasound and
conventional imaging, the heterogeneity of clinical applica-
tions and outcome measures precluded a formal meta-anal-
ysis. Although meta-analyses improve precision, and offer
an opportunity to address questions not addressed by the
individual studies, they can lead to misleading results seri-
ously. This can happen when the individual studies are very
heterogeneous [28].

Among the studies reviewed for this project, there
were variations in study designs, in the indications for the
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ultrasound, the time between the index test and the refer-
ence, and in outcomes that were inconsistently reported.
Thus, findings were synthesized narratively. Many stud-
ies have small sample sizes and non-randomized designs,
which might reduce the overall strength of the evidence.
Although including studies from different countries and set-
tings enhances the generalizability of our review, it also gen-
erates variability in equipment, provider training, healthcare
systems, and implementation strategies. Additionally,
regarding the jurisdictional scan, only 2 out of 13 medical
regulatory colleges (Manitoba and Quebec) consented to
provide information.

Conclusions

The purpose of this review was to examine existing evi-
dence to determine whether remotely supervised ultra-
sound (tele-ultrasound) has been shown to be inferior
to the traditional service model of ultrasound with an
in-person imaging specialist insofar as patient care qual-
ity, service quality, and access to care are concerned. In
addition, it was to determine whether the geographical
distance between the tele-ultrasound location and the in-
centre ultrasound site impacted diagnosis.

This review concludes that there is no consistent evi-
dence that overall, tele-ultrasound, with real-time guid-
ance, is inferior to conventional in-centre ultrasound.
However, in some cases (e.g., for breast or thyroid appli-
cations, there were too few studies to make a conclusive
statement about tele-ultrasound. The evidence also dem-
onstrates that the distance between the tele-ultrasound
site and the expert in-centre interpreter of the images has
no significant impact on the effectiveness of tele-ultra-
sound in diagnosis.
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