
GLOBAL HEALTH IMAGING

According to The World Health 
Organization (WHO), diagnostic ul-
trasonography (US) is one of the most 
important technologies in developing 
countries. Access to US is now consid-
ered a minimal global standard. The 
WHO reports that medical imaging is 
needed for diagnosis in 20-30 percent 
of clinical cases, and that US and/
or conventional radiology would be 
sufficient for up to 90 percent of those 
cases.1 Unfortunately, two-thirds of 
the world’s population, especially peo-
ple living in low- and middle-income 
countries (LMICs), have no access 
to medical imaging. For example, in 
Malaysia, there are approximately 
30 radiologists per million people 
compared to the desired goal of 50 
per million in 2030.2

The availability of US services in 
underserved areas is limited by many 
factors. A lack of trained sonogra-
phers/sonologists and appropriate 
equipment, along with inadequate 
infrastructure, are two major ones.3 
To help solve these challenges, 
telemedicine, including teleradiology 
and tele-ultrasound (TUS), can be em-
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ployed to provide responses to clini-
cal situations in the absence of on-site 
specialists.4  Indeed, multiple studies 
have shown that TUS improves access 
to, and reduces the costs of, health-
care in remote geographic regions 
with limited infrastructure.3,5

Tele-ultrasound can take place in 
two ways: asynchronously or in real 
time. In asynchronous TUS, static 
images or clips are captured and 
stored for later review by radiologists 
(a process also known as “store and 
forward”). The benefits of asynchro-
nous TUS include training local practi-
tioners to obtain clips of a body region 
or target organ using basic scanning 
protocols. One method consists of vol-
ume sweep imaging a target to create 
a tomographic series or 3D capture 
of the region.6 In an emergency, first 
responders can obtain and send a 
sweep to a remotely located radiologist 
for interpretation, if not for immediate 
evaluation, then for later validation/
refutation of a preliminary diagnosis.

Real-time TUS, on the other hand, 
allows the expert observer to be 
virtually present during scanning, 
enabling direct feedback and enhanc-
ing the expert’s ability to guide the 
operator and improve image quality. 
Real-time TUS quality is improving 
almost by the day. A smartphone or 
similar device can be connected to 
the probe to observe the person scan-
ning while generating a split-screen 

image for both participants. One side 
shows the practitioner performing 
the scan, while the other shows the 
image (Figure 1). The receiving expert 
can remotely move a cursor over 
the sender’s image, demonstrating 
correct location or orientation. The 
sending provider can also move a 
cursor in response (Figure 2). Both 
participants can also view each 
other, allowing for virtual “hands-on” 
instruction (Figure 3). These capabil-
ities have been revolutionary for US 
education and mentoring. 

Indeed, with the growing avail-
ability of commercial off-the-shelf 
software, high-definition images 
using Windows or Android config-
urations can now be transferred 
around the world in seconds over 
Wi-Fi and 5G networks that provide 
100 times faster data transmission 
rates (up to 10 gigabytes per second), 
and capacities more than 100 times 
that of 4G technology. 

Tele-Ultrasound Effectiveness 
Over the past 10 years, numerous 

studies have examined the utility of 
TUS in settings where other tech-
nologies are unavailable, cost-pro-
hibitive, or unable to be prop-
erly maintained. 

Table 1 offers a summary of sys-
tematic reviews of TUS publications 
from 1950 to 2020.1 
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Asynchronous training with TUS 
suffers from difficulty in recruiting 
and retaining reliable learners, howev-
er it does provide for learner flexibili-
ty. Many pilot projects in LMICs have 
been initiated by organizations such as 
RAD-AID™.  Asynchronous training is 
followed by hands-on training/mentor-
ship. Outcomes data will be essential 

to validate the effectiveness of TUS as it 
expands throughout these regions.  

Novel Approaches to Come
Telemedicine is quickly becoming 

adaptable to many different situations 
and scenarios. FaceTime™ video 
conferencing via iPhone, for example, 

is demonstrating utility not just with 
telemedicine in general but also in 
ultrasound consultation specifically. 

One drone-based product involves 
flying US units to inaccessible locations 
for catastrophic emergencies, and 
to vulnerable populations for whom 
transport is impractical or undesirable. 
This can be particularly useful in war 

Figure 1. Use of a handheld ultrasound unit by a local sonographer (A), while a remote 
instructor observes the sonographer via video and identical screen in real time. (B)

A

B

Figure 2. Use of the Reacts™ 
platform demonstrating the 
sonographer’s hand position (upper 
left), the remote observer’s view 
of the image (center) with a digital 
pointer, and an image of the remote 
observer (bottom). The digital 
pointer can be manipulated by both 
the sonographer and observer.
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zones, wilderness rescues, and other 
areas and circumstances with little 
access to imaging. 

In obstetric US, a novel, self-oper-
ated home system that attaches to a 
smartphone (known as INSTINCT®) 

Figure 3. A remote educator 
demonstrating hand postition change 
to a local sonographer (lower right) 
via the educator’s desktop. The 
educator can view the sonographer’s 
scan technique (lower right) as well 
as the image capture (center).

is being used for fetal assessment, 
including a basic biophysical profile. 
In one study, it has demonstrated 
high accuracy in assessing fetal 
heart rate, amniotic fluid index, 
and fetal tone.7

Artificial Intelligence and Tele-
Ultrasound

Amid the limited resources and lack 
of expert sonographers in many LMICs, 
artificial intelligence (AI) offers the 

Table 1. Strengths and Challenges of Tele-Ultrasound 
STRENGTHS CHALLENGES

-Universal utility for remote areas with radiology personnel deficit -Not a replacement for in-person scanning

-Obstacles for local training and certification 

-Limited expert consultants

-Limited ability to observe subtle techniques (orientation/scan technique)

-Equipment/telecom costs offset by improved access and healthcare savings 

-Available low-cost machines, web interfaces, platforms and data storage 

-Improved data transfer rates for large files

-Infrastructure-dependent

-Equipment and supply costs

-Diverse machine types 

-Insufficient, or poorly maintained local equipment

-Wireless networks more reliable; some HIPAA compliant

 

-Unreliable or absent WIFI/satellite access

-Limited data use on local cell services

Data Security 

-Conversion to DICOM available on most/all newer machines, allowing 
transmission to PACs

-Archiving data security concerns

-Some countries prohibit patient data out of the country

-Potential for hacking
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opportunity for even the inexperienced 
to acquire diagnostic-quality images. 
In the US and Europe, some agencies 
have been granted regulatory approval 
to process images using AI guidance. 
In this process, after entering anthro-
pometric information, a transducer 
is placed on the patient. The operator 
is instructed on probe placement and 
movement, and the picture is automat-
ically captured as soon as the device 
detects a high-quality image, essential-
ly performing volume sweep imaging. 
AI-assisted TUS is still investigational; 
to ensure accuracy, a large database of 
condition-specific and normal images 
will be required to build the algo-
rithms needed to train the technology. 
Nevertheless, AI-assisted guidance 
for all US procedures may eventually 
become commonplace. Deep-learning 
algorithms for precision US interpre-
tation are also in early development; 
these tools are being studied for their 
ability to evaluate condition and 
injury severity for real-time clinical 
decision making.8

Conclusion
Tele-ultrasound has been shown 

to improve access to, and reduce the 
costs of healthcare in, remote areas 
with limited infrastructure. Rapidly 
evolving technology will promote in-
creased implementation of TUS, es-
pecially in settings with few trained 
professionals. Affordable pocket/
hand-held devices are increasingly 
available globally, providing excel-
lent platforms for the application of 
TUS. As global connectivity expands, 
particularly with improved cellular 
and internet access, TUS is quickly 
becoming more feasible worldwide. 

Although TUS applications are 
unlikely to fully replace hands-on 
scanning or human professional 
judgment in clinical decision mak-
ing, they will continue to advance in 
the years ahead. Radiologists must 
remain up to date on technical inno-
vations and consider leveraging TUS 
as a tool to expand high levels of care 
to those in need around the world. 
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