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Abstract
Purpose  Thyroid ultrasound is a key tool in the evaluation of the thyroid, but billions of people around the world lack access 
to ultrasound imaging. In this study, we tested an asynchronous telediagnostic ultrasound system operated by individuals with-
out prior ultrasound training which may be used to effectively evaluate the thyroid and improve access to imaging worldwide.
Methods  The telediagnostic system in this study utilizes volume sweep imaging (VSI), an imaging technique in which the 
operator scans the target region with simple sweeps of the ultrasound probe based on external body landmarks. Sweeps are 
recorded and saved as video clips for later interpretation by an expert. Two operators without prior ultrasound experience 
underwent 8 h of training on the thyroid VSI protocol and the operation of the telemedicine platform. After training, the 
operators scanned patients at a health center in Lima. Telediagnostic examinations were sent to the United States for remote 
interpretation. Standard of care thyroid ultrasound was performed by an experienced radiologist at the time of VSI examina-
tion to serve as a reference standard.
Results  Novice operators scanned 121 subjects with the thyroid VSI protocol. Of these exams, 88% were rated of excellent 
image quality showing complete or near complete thyroid visualization. There was 98.3% agreement on thyroid nodule 
presence between VSI teleultrasound and standard of care ultrasound (Cohen’s kappa 0.91, P < 0.0001). VSI measured the 
thyroid size, on average, within 5 mm compared to standard of care. Readers of VSI were also able to effectively character-
ize thyroid nodules, and there was no significant difference in measurement of thyroid nodule size (P = 0.74) between VSI 
and standard of care.
Conclusion  Thyroid VSI telediagnostic ultrasound demonstrated both excellent visualization of the thyroid gland and agree-
ment with standard of care thyroid ultrasound for nodules and thyroid size evaluation. This system could be deployed for 
evaluation of palpable thyroid abnormalities, nodule follow-up, and epidemiological studies to promote global health and 
improve the availability of diagnostic imaging in underserved communities.
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Introduction

Thyroid disease is ubiquitous throughout the world affecting 
millions of people [1]. Thyroid ultrasound is an established 
pillar in the diagnosis and management of palpable thyroid 
findings and thyroid cancer, but at least 2/3 of the world 
lacks access to ultrasound imaging [2–5]. While ultrasound 
is a cost-effective diagnostic modality, the lack of trained 
sonographers who require costly and time-consuming train-
ing on internal anatomy and ultrasound operation limits its 
deployment [6 78]. Furthermore, limitations in healthcare 
infrastructure including a lack of trained personnel and 
high-speed internet connections stymie many telediagnostic 
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approaches which are otherwise viable solutions to bring 
imaging to underserved areas [9 –12].

To address these problems, a new telediagnostic system 
utilizing ultrasound volume sweep imaging (VSI) has been 
previously piloted (Fig. 1) [13]. In this system, images are 
obtained by individuals without prior ultrasound experience 
after a few hours of training on ultrasound VSI protocols 
which are based on simple external body landmarks. In 
VSI, the operator sweeps the probe over the target area to 
acquire cine clips which are then sent for remote interpre-
tation. In this asynchronous system, clips can be acquired 
without internet and sent over low internet bandwidths [14]. 
In contrast, real-time telemedicine systems require higher 
bandwidths for videoconferencing and the concurrent pres-
ence of a specialist which are often not available in rural and 
underserved areas [9, 15, 16].

Using teleultrasound to detect thyroid nodules and evalu-
ate palpable findings could be a great asset in improving the 
health of the global community. Goiters remain prevalent 

in rural and underserved areas throughout the world; in one 
sample of children in northwest Ethiopia, there was a goiter 
prevalence of 37.6% [17–20]. If large enough, a goiter can 
compress the airway, and thyroid ultrasound can accurately 
assess thyroid size [21–23]. Goiters and palpable abnormali-
ties also require evaluation for malignancy as studies have 
shown up to a 20% concurrent incidence of cancer in goiter 
[24, 25]. There is an increasing incidence of thyroid cancer 
with a global distribution including in South America where 
this study was conducted [26–33]. Thyroid ultrasound is a 
first-line examination for thyroid nodules and is used to fol-
low and evaluate them as standard of care [34, 35]. In many 
areas of the world, including South America, there is a lack 
of information regarding thyroid nodules/cancer incidence 
[33, 36]. Thyroid teleultrasound could also be an important 
epidemiological tool to close this knowledge gap.

Our previous pilot of the teleultrasound system found that 
the thyroid gland was well evaluated with VSI thyroid ultra-
sound [13]. In the vast majority of pilot examinations, the 

Fig. 1   Thyroid teleultrasound. This figure shows a schematic over-
view of the thyroid teleultrasound system. Images acquired by indi-
viduals without prior ultrasound training are sent for remote inter-

pretation via the use of a tablet. The imaging report is subsequently 
returned back to the tablet for review by the ordering clinician after 
interpretation by a radiologist
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entire thyroid gland was visualized with acceptable imaging 
quality. However, a relatively small sample (n = 22) and the 
lack of a ground truth for comparison were major limita-
tions. In this study, we aimed to test the thyroid VSI protocol 
in a larger sample with an available ground truth reference 
standard. Based on the pilot data, we hypothesized that the 
thyroid would be completely visualized in the majority of 
examinations with interpretations in agreement with stand-
ard of care imaging.

Materials and methods

Thyroid VSI

VSI is an imaging technique designed to increase access 
to imaging in underserved and rural areas [37]. In VSI, 
the operator requires no significant anatomic knowledge 
or technical skill to acquire the imaging. The basic com-
ponent of any VSI protocol is a sweep of the ultrasound 
probe over predetermined, easily recognized external body 
landmarks. For example, in the thyroid VSI protocol, the 
first sweep involves placing the probe under the chin and 

sweeping to the base of the neck. The cine clip of the 
sweep is recorded and sent for remote interpretation. In 
this manner, the novice operator is not responsible for any 
imaging interpretation. Presets of the ultrasound machine 
are used which further obviate the need for technical skill 
or adjustments of the ultrasound machine. The probe is 
swept at a rate of 1–2 cm/s and produces an image every 
1–2 mm [13]. Additional arcing (fanning) of the probe at 
the beginning and at the end of each sweep maximizes vis-
ibility. When combined, all acquired cine clips comprise 
a full volumetric acquisition of the target organ system.

Thyroid, obstetric, right upper quadrant, and lung VSI 
protocols have all been tested with encouraging results 
[13, 38–40]. Training data from these studies suggest that 
effective VSI training is easily completed in less than 8 
h. The thyroid VSI protocol can be performed within 10 
min and is recommended to be performed with a high-
frequency probe. There is no patient preparation required 
for the thyroid VSI examination which is shown in Fig. 2. 
Transverse sweeps of the midline, right, and left thyroid 
constitute the principal components of the thyroid VSI 
examination, while additional bilateral cine arcs of the 
probe are obtained in the longitudinal orientation for 

Fig. 2   Thyroid VSI protocol. The thyroid VSI protocol involves seven 
steps without patient preparation. The first three steps are transverse 
sweeps with an arc at the start and end of each sweep to maximize 

visibility. The last four sweeps are longitudinal arcs in the superior 
and inferior right and left thyroid to provide redundancy and localiza-
tion information
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problem solving and redundancy. A video on how to per-
form the protocol and additional poster used in training are 
available as supplemental material (Supplemental Materi-
als 1 and 2).

Telemedicine system

The “Medical for Ultrasound” or MED4US system was used 
for this study (Medical Innovation and Technology, Peru). 
This system has previously been described in detail with 
pilot testing showing reasonable send times at low band-
widths slightly faster than dialup internet [14]. The program 
is installed on a Windows 10 tablet which connects to the 
ultrasound machine. MED4US was designed to be used 
by rural health workers and is user-friendly, guiding the 
operator into obtaining the cine clips and entering relevant 
patient data to be sent to the interpreting physician. The 
tablet encrypts, compresses, and sends the cine clips to a 
cloud-based storage system for remote interpretation when 
internet is available. Remotely, a radiologist reviews the cine 
clips and completes a report which is sent back to the tablet 
to be given to the health center and patient.

Image acquisition

The Institutional Review Board at the Hospital Nacional 
Docente Madre Nino San Bartolome approved the study. 
Thyroid teleultrasound was piloted at the Conde de la Vega 
Health Center in Lima, Peru. The center serves primarily a 
low-income population and has a low to moderate 3G inter-
net connection. Two ultrasound naïve trainees (a nurse and 
care technician) underwent didactic and hands-on training 
on the thyroid ultrasound protocol and telemedicine system 
over the course of 8 h in May 2018. Following training, both 
operators were certified to accurately perform the protocol 
by the training team. Subjects to be scanned were enrolled 
between June 2018 and March 2019 and were randomly 
recruited from patients over 18 years of age being seen at the 
clinic for various reasons. None of the study subjects were 
visiting the clinic for a primary thyroid related issue. The 
patient population served by the clinic is majority female.

The Mindray DP-10 ultrasound machine (Mindray, 
China) using standard thyroid settings with a 10 MHz 
linear probe was employed for both standard of care and 
VSI examinations. After obtaining informed consent, the 
attending Peruvian radiologist performed the standard of 
care exam in accordance with standard ultrasound consen-
sus guidelines and completed a report [3]. Next, the thyroid 
ultrasound VSI exam was performed, and the VSI exam cine 
clip sweeps were later sent for remote interpretation in the 
United States. No feedback on image quality was given to 

the VSI operators. The radiologist who performed and inter-
preted the standard of care exam informed patients of any 
clinically significant findings.

Remote readings

The VSI thyroid examinations were interpreted by two 
abdominal imaging attending radiologists with 7 and 40 
years of experience, respectively. Each examination was 
scored on visualization of the isthmus and each thyroid 
lobe (less than 30% visualization, 30–50% visualization, 
50–80% visualization, and greater than 80% visualization). 
Confidence in findings and image quality were also both 
scored using a three-point scale. Image quality was rated 
as poor, acceptable, or excellent. Excellent examinations 
visualized the entire or nearly entire thyroid gland with 
good brightness and resolution. Acceptable examinations 
visualized > 80% of the thyroid or had slightly limited 
brightness/resolution but still allowed for adequate gland 
or nodule assessment. Poor examinations visualized less 
than 80% of the total thyroid or were non-diagnostic. Con-
fidence was scored as confident, intermediate confidence, 
or not confident. Both the anterior–posterior (AP) and 
transverse diameters of the thyroid lobes were measured. 
The length was not measured as the sagittal cine clips are 
split into upper and lower halves. Interpreters also esti-
mated lobe size as small, normal, or large. Any nodule was 
measured in the largest dimension and characterized using 
free text with the readers commenting on the location, 
echogenicity, and presence of calcifications. In addition, 
the readers had the option of including free text comments 
with any image quality or study-related notes. Nodules 
less than 5 mm were not included in analysis as these are 
often clinically insignificant. After blinded readings, any 
discrepant cases between VSI and standard of care were 
examined to ascertain the source of disagreement.

Statistical analysis

Continuous variables were summarized by mean and 
standard deviation, and categorical variables were sum-
marized by rate of occurrence and 95% confidence inter-
val (CI). Agreement between VSI and standard of care 
ultrasound on the presence of nodules was quantified 
using Cohen’s kappa. Agreement on lobe diameters was 
examined using intraclass correlation coefficients and 
Bland–Altman analysis. Intraclass correlation coefficients 
were calculated using a two-way random effects model 
for absolute agreement. Kappa values, intraclass corre-
lation coefficients, and Bland–Altman biases were each 
compared to a theoretical mean of 0 using one-sample t 
tests. Nodule size in the greatest dimension was compared 
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with a paired t test. All statistical analysis was performed 
using SPSS (v26, IBM Corporation, Armonk, NY) and 
MATLAB (R2019b, MathWorks, Natick, MA).

Results

Trainees scanned 121 subjects with the thyroid VSI proto-
col. The average age of subjects was 33.3 ± 15 years, and 
98.3% (94.2–99.8%) of subjects were female. The blinded 
readers stated that longitudinal sweeps were useful in 67.8% 
(58.7–76%) of cases for redundancy, nodule localization, 
and confirmation of findings. Sweeps were typically between 
6 to 7 s resulting in less than one minute of cine clips for 
review. The raw file size for all clips combined was 6 ± 1.46 
MB.

Thyroid gland visualization and image quality

The thyroid was well visualized in all exams with the vast 
majority visualizing the entire gland (Table 1). The left thy-
roid lobe and the isthmus showed > 80% visualization in all 
studies. The right thyroid lobe was slightly less well visual-
ized with 88% of the studies showing > 80% visualization. 
The other 12% of exams showed 50–80% visualization of 
the right thyroid lobe. Furthermore, readers also noted see-
ing the majority of the thyroid on the first single midline 
transverse sweep highlighting the amenability of thyroid 
to the volume sweep imaging approach. There was only a 
single examination where the first midline transverse sweep 
did not completely image more than 80% of the left thyroid 
lobe. The right thyroid lobe was less optimally evaluated on 

the first midline transverse sweep with 22% of the examina-
tions showing 50–80% visualization (the other 78% show-
ing > 80% visualization). The image quality was rated as 
excellent by blinded readers in 88% of cases with the thyroid 
well visualized with good image quality (Fig. 3 and Supple-
mental Material 3). Readers were confident in their estima-
tions of lobe size and the presence of a nodule (Table 2).  

Thyroid measurements and nodule agreement

Thyroid size measurements on VSI were, on average, within 
5 mm of standard of care imaging (Table 3). There was fair 
to moderate agreement with intraclass correlation coeffi-
cients varying between 0.37 and 0.58. The Bland–Altman 
bias varied between 2.84 and 1.07, indicating that VSI tends 
to result in larger measurements compared to standard of 

Table 1   Image quality and visualization

Measure Level Percentage (95% 
confidence interval)

Right lobe visualized  < 30% –
30–50% –
50–80% 11.6% (6.47–18.7%)
≥ 80% 87.6% (80.4–92.9%)

Left lobe visualized  < 30% –
30–50% –
50–80% –
≥ 80% 100% (97–100%)

Isthmus visualized  < 30% –
30–50% –
50–80% –
≥ 80% 100% (97–100%)

Image quality Poor –
Acceptable 12.4% (7.11–19.6%)
Excellent 87.6% (80.4–92.9%)

Fig. 3   Normal thyroid on VSI. Thyroid VSI examination from an 
asymptomatic 65-year-old female performed by an operator after 8 h 
of training. a Normal right thyroid gland on a still image from the 
right transverse VSI cine clip. The trachea (arrow) and carotid artery 
(arrowhead) are also seen. b Normal left thyroid gland on a still 
image from the left transverse VSI cine clip. The esophagus is also 
seen (arrow). Supplemental Material 3 includes the cine clips from 
this exam. These cine clips and all other VSI examinations in this 
study were obtained by individuals without prior ultrasound experi-
ence
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care imaging. Finally, there was excellent agreement on the 
presence of a nodule of 98.3% with a Cohen’s kappa of 0.91 
(0.78–1, P < 0.0001). VSI readers were also able to con-
fidently and effectively characterize nodule characteristics 
including size, location, echogenicity, and the presence of 
calcifications in agreement with standard of care imaging 
(Fig. 4 and Supplemental Material 4). 

There were 12 nodules identified on standard of care 
imaging—4 solid, 4 mixed cystic and solid, and 4 cystic. 
Of these nodules, 4 were larger than 1 cm. These studies 
with nodules represented 9.92% (5.23–16.7%) of exams. The 
average nodule size in greatest dimension was 9.8 mm ± 5.2 
mm (standard deviation) on VSI and 10.1 mm ± 8 mm on 
standard of care imaging. There was no significant difference 
in nodule size (P = 0.74). Two nodules showed macrocalcifi-
cations which were both reported on standard of care imag-
ing and VSI. All nodules were unknown to the patients being 

examined, but no follow-up information was subsequently 
obtained. There were only two examinations with discrepant 
nodule agreement between VSI and standard of care imag-
ing. On consensus read, one examination was noted to be a 
missed nodule on VSI secondary to reader error. The other 
nodule discrepancy was not definitively resolved and may 
have represented a miss on standard of care imaging, but 
necessary standard of care images were not saved for defini-
tive assessment. Finally, small nodules less than 5 mm were 
also detected on VSI and noted in the free text but not for-
mally assessed as a part of this study. Additionally, a single 
goiter was identified in agreement between standard of care 
imaging and VSI.

Table 2   Lobe characteristics 
and confidence

Values are percentage (95% confidence interval)

Lobe Variable Summary

Right Presence of nodule 4.13% (1.36–9.38%)
Lobe size Small 2.48% (0.514–7.07%)

Normal 95% (89.5–98.2%)
Large 1.65% (0.201–5.84%)

Confidence Not confident 0.826% (0.0209–4.52%)
Intermediate confidence 8.26% (4.03–14.7%)
Confident 90.1% (83.3–94.8%)

Left Presence of nodule 4.96% (1.84–10.5%)
Lobe size Small 3.31% (0.908–8.25%)

Normal 95.9% (90.6–98.6%)
Large 0.826% (0.0209–4.52%)

Confidence Not confident 0.826% (0.0209–4.52%)
Intermediate confidence 4.13% (1.36–9.38%)
Confident 95% (89.5–98.2%)

Isthmus Presence of nodule 0.826% (0.0209–4.52%)
Confidence Not confident –

Intermediate confidence 3.31% (0.908–8.25%)
Confident 96.7% (91.8–99.1%)

Table 3   Agreement on measurements

Values are percentage (95% confidence interval). Intraclass correlation coefficients were calculated using a two-way random effects model for 
absolute agreement

Variable Measurement (mm) Agreement

VSI Standard of care Intraclass correlation coefficient Bland–Altman bias (VSI-standard of care)

Right lobe AP 16.4 ± 2.8 13.5 ± 4.36 0.37 (0.04–0.58, p = 0.001) 2.84 (− 5.71 to 11.4, p < 0.0001)
Right lobe transverse 13.1 ± 2.36 12.1 ± 2.24 0.57 (0.35–0.71,  p < 0.0001) 1.07 (− 3.69 to 5.83,  p < 0.0001)
Left lobe AP 14.5 ± 2.83 11.9 ± 2.97 0.42 (0.02–0.64,  p < 0.0001) 2.54 (− 3.87 to 8.94,  p < 0.0001)
Left lobe transverse 12.9 ± 2.32 11.2 ± 1.69 0.58 (0.01–0.79,  p < 0.0001) 1.77 (− 1.96 to 5.5,  p < 0.0001)
Isthmus lobe AP 3.73 ± 0.858 2.52 ± 0.965 0.48 (− 0.22 to 0.77, p < 0.0001) 1.21 (− 0.425 to 2.84,  p < 0.0001)
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Discussion

Correcting disparities in healthcare around the world 
requires a multifaceted approach, and improving access to 
medical imaging holds much promise in this regard. Thyroid 
ultrasound has an important role in the evaluation of thyroid 
nodules and goiter which are worldwide health issues. In 
this study, we have shown that after only a few hours of 
training, individuals without prior ultrasound experience 
were capable of obtaining images that fully visualized the 
thyroid and allowed identification and characterization of 
nodules. Furthermore, these novice operators consistently 
produced diagnostic examinations without ongoing feedback 
over the 9-month study duration. VSI measurements of the 

thyroid gland were, on average, within 5 mm of standard of 
care measurements, showing that VSI can accurately iden-
tify thyromegaly which may require further follow-up. From 
an epidemiological standpoint, we identified about a 10% 
prevalence of a thyroid abnormality in our asymptomatic 
sample, including a goiter. These findings are of indeter-
minate pathological significance but show the potential of 
this approach to be useful in future epidemiological stud-
ies. Given the advent of portable ultrasound machines, it 
is conceivable that widespread deployment of thyroid VSI 
teleultrasound could be realized with the goal of improving 
the health of the global community. In light of our findings, 
we propose several uses for this system: (1) evaluating a 
palpable thyroid nodule or gland, (2) following a known thy-
roid nodule, (3) assisting in epidemiological study of thyroid 
disease, and (4) assisting in thyroid education and awareness 
(iodine deficiency and its association with goiter).

The rationale behind the first three proposed uses has 
already been discussed in the introduction. In terms of 
improving thyroid education and awareness, there are many 
possibilities. Thyroid literacy has been predictably noted to 
be lower in underserved communities [41]. As an educa-
tional tool, thyroid ultrasound may assist clinicians in teach-
ing their patients about topics such as iodine deficiency and 
its relation to goiter. Having a visual connection to a health 
problem may improve patient compliance and understand-
ing of health issues [42–45]. There are additional potential 
ancillary benefits to adopting widespread use of thyroid 
VSI. For example, previous studies of VSI with obstetrics 
showed that more patients came to clinic when ultrasound 
was present, resulting in higher rates of prenatal testing [46]. 
Similar ancillary benefits could exist for thyroid VSI as more 
individuals may seek care, resulting in improved health, edu-
cation, and public awareness of thyroid disease.

The ultrasound novices in this study performed well 
acquiring examinations of universally acceptable to excellent 
image quality. While we did not notice a decrease in image 
quality over the study period, the use of refresher courses on 
VSI could also be considered as a way to ensure continued 
quality. Even with excellent image quality in the majority 
of examinations, it is possible some small nodules may be 
better served by dedicated sonographic evaluation with high-
resolution imaging by an expert. Similarly, increased body 
habitus or otherwise abnormal neck anatomy may limit the 
VSI protocol’s ability to assess the thyroid. Future studies 
could assess the protocol’s performance in these circum-
stances. In addition, the number of nodules larger than 1 cm 
in this sample was relatively small. Future studies might be 
conducted in thyroid clinics with a sample of more disease 
or in populations with goiter. Length measurements of the 
thyroid are currently not obtainable due to the split nature of 
the longitudinal clips. This could be potentially solved with 
advanced imaging processing or revised future iterations of 

Fig. 4   Thyroid nodule on VSI. Thyroid VSI examination from an 
asymptomatic 31-year-old female. a Standard of care image show-
ing a 5 mm solid hypoechoic thyroid nodule (arrow) in the middle 
third of the left thyroid with hyperechoic calcification. b Left trans-
verse VSI sweep still image showing the same solid hypoechoic nod-
ule (arrow) also measured at 5 mm with hyperechoic calcification. 
The left transverse VSI cine clip has been provided as Supplemental 
Material 4
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the protocol. Artificial intelligence could also allow for iden-
tification of nodules and thyroid size at the time of study.

Although there are characteristic features of hyperthy-
roidism and hypothyroidism on ultrasound, imaging is not 
recommended in the routine evaluation of these conditions 
[46 48, 49]. As with standard of care thyroid ultrasound, 
there exists the theoretical risk for over-screening of thy-
roid nodules [50–52]. This issue may be mitigated by the 
increasing use of the Thyroid Imaging Reporting and Data 
System (TI-RADS) which improves accuracy and may 
reduce the number of biopsies prompted by ultrasound 
[53]. VSI can adequately assess for the features of TI-
RADS allowing for standardized management of findings. 
Evidence also suggests that it is important to note the clin-
ical context of each individual patient when considering 
biopsy [54]. Our telediagnostic system also provides this 
relevant clinical information to the interpreting provider. 
At this time, we are not advocating this protocol be used 
to screen asymptomatic people outside of epidemiological 
studies. Some clinicians may be concerned regarding legal 
exposure from use of VSI examinations. In general, the 
alternative to clinical use of thyroid VSI in many rural and 
underserved areas would be no imaging at all. Given the 
potential clinical benefits in this context, significant legal 
exposure is not anticipated. Furthermore, review of the 
legal literature shows no lawsuits related to point of care 
ultrasound use, and, in fact, lawsuits were identified when 
ultrasound was failed to be performed [55, 56].

Thyroid disease is a prevalent health issue worldwide 
with a majority of the world lacking access to diagnostic 
imaging for its evaluation [2]. The examinations in this 
study obtained by individuals without prior ultrasound 
experience showed excellent agreement with standard of 
care imaging for thyroid size and nodule evaluation. As 
rates of thyroid cancer continue to increase, thyroid VSI 
telediagnostic ultrasound could be a cost-effective asset 
both in determining clinical management and in conduct-
ing epidemiological study. Deployment of this system is 
feasible with significant potential to improve medical care 
of those in need, especially in rural and underserved areas.
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