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ABSTRACT

Background: The integration of digital diagnostic tools is essential for strengthening telemedicine infrastruc-
ture, particularly in remote and resource-limited settings. Ultrasound is a promising imaging modality because of its 
noninvasive disposition, absence of ionizing radiation, and ability to provide rapid, real-time diagnostic information. 
Among the wide range of ultrasound systems, cost-effective and portable devices with acceptable diagnostic perfor-
mance are needed to improve accessibility. This study aimed to evaluate the performance of a commercially available 
low-cost portable ultrasound device, with a specific focus on imaging the genitourinary (GU) system. Methods: This 
cross-sectional study was conducted between December 2022 and July 2023 and included 169 participants. Each 
participant underwent ultrasound examinations using both a low-cost portable ultrasound device and a conventional 
ultrasound machine, which served as the reference (gold) standard. The assessment included measurement of organ 
sizes and detecting pathological conditions in the kidneys, urinary bladder, uterus, ovaries, and prostate. Results: The 
portable ultrasound device demonstrated high diagnostic accuracy for detecting renal cysts (98.7%), uterine masses 
(97.2%), polycystic ovaries (98.7%), and adnexal cystic lesions (96.3%). Relatively lower accuracy was observed for 
the detection of renal parenchymal disease (93.7%) and ovarian enlargement (91.5%). Agreement between the por-
table and conventional devices for organ size measurements showed moderate to strong correlations. The coefficients 
of determination (r2) for bipolar lengths of the right and left kidneys, uterine length, and uterine anteroposterior 
diameter were 0.5907, 0.6345, 0.8637, and 0.8444, respectively. Conclusion: These findings suggest that low-cost 
portable ultrasound devices can provide acceptable performance for imaging of the GU system. Their integration 
into telemedicine and tele-ultrasound services could enhance diagnostic capabilities and improve access to essential 
imaging in resource-limited and underserved populations.
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INTRODUCTION

Telemedicine enables patients to receive timely con-
sultations, diagnoses, and treatments from healthcare 
professionals without the need to travel, reducing both 
costs and barriers to care. Telemedicine has become an 
integral part of modern healthcare, especially in the wake 
of the COVID-19 pandemic1–3, bridging gaps in healthcare 
access in both urban and rural settings, particularly in 
low-resource environments.4 A critical component of 
telemedicine infrastructure is the integration of diagnostic 
tools that allow for remote evaluation and monitoring. 
Among available imaging modalities, ultrasound is espe-
cially well-suited for telemedicine because of its real-time 
capability, portability, relative affordability, and minimal 
infrastructure requirements, compared to computed to-
mography (CT) or magnetic resonance imaging (MRI). The 
concept of tele-ultrasound, wherein ultrasound images 
and videos are transmitted for remote interpretation, has 
been successfully deployed in diverse settings, including 
emergency medical services5,6, conflict zones7,8, and remote 
expeditions9, demonstrating its broad applicability and 
clinical value. Even the International Space Station has 
implemented tele-ultrasound as a cost-effective tool for 
onboard medical diagnostics, underscoring its versatility 
and global utility.10

In low-resource settings, indigenous innovations, 
such as tele-stethoscopes and tele-electrocardiograms 
(ECG), have already improved the quality of telemedicine 
consultations by enabling real-time transmission of basic 
diagnostic data.11 Building on this progress, incorporat-
ing tele-ultrasound systems into telemedicine could be 
a pivotal step forward in enhancing remote healthcare. 
While high-end ultrasound machines provide exceptional 
detail, their high costs and need for skilled technicians 
limit accessibility, especially in rural and underserved 
areas. As a result, there has been a growing interest in the 
use of low-cost portable ultrasound devices to address 
these limitations. However, concerns remain regarding 
the trade-off between cost and diagnostic performance 
in low-cost portable ultrasound systems. Previous studies 
have explored the accuracy of low-cost portable ultrasound 
scanners, compared to more sophisticated standard devices 
in various applications, including pregnancy profiling12, 

detection of pneumothorax, abdominal pathologies, 
and imaging of knee structures. These findings suggest 
that portable ultrasound technology holds potential to 
strengthen telemedicine in multiple areas. 

Genitourinary (GU) conditions, including kidney 
stones, bladder abnormalities, and prostate disorders, 
are common and require timely and accurate diagnosis 
to prevent complications and improve patient outcomes. 
The use of portable ultrasound devices for GU imaging 
has been explored in various studies, with promising 
results for their diagnostic accuracy and practicality. 
Lavi et al. evaluated kidney length measurements using 
a portable ultrasound scanner and reported a difference 
of approximately 0.8 mm, compared to conventional ul-
trasound systems.13 This is a very small difference when 
considering the full length of the kidney, which is about 
110 mm. Stock et al. demonstrated that a pocket-size 
ultrasound device achieved a sensitivity of 79% and 
specificity of 100% for detecting renal cysts.14 Portable 
ultrasound devices are also investigated for urinary 
bladder (UB) imaging. Multiple studies have concluded 
that these devices provide sufficient accuracy to enhance 
clinical decision-making.13,15,16 Prostatic evaluation with 
portable ultrasound remains underexplored, although Lavi 
et al. demonstrated no significant difference (p = 0.46) 
in prostate volume measurements between portable and 
standard devices in a small prospective observational study 
involving 25 urology patients.13 For uterine and ovarian 
imaging, portable devices have shown good agreement 
with high-end systems in detecting pathologies, such as 
uterine mass lesions and adnexal abnormalities. Toscano 
et al. conducted a pilot study on 40 subjects, finding sub-
stantial agreement (Cohen’s Kappa > 0.7) in evaluating 
uterine position, the presence of myomas, and adnexal 
pathologies.17 A recent study reported good to excellent 
agreement (Cohen’s Kappa = 0.68 – 0.84) for measurements, 
such as uterine length, volume, endometrial thickness, 
and the diameter of uterine myomas as well as ovarian 
volume.18 Toscano et al. also quantified the diagnostic 
performance of handheld ultrasound devices for uterine 
mass lesions, reporting sensitivity of 80%, specificity of 
93.1%, positive predictive value (PPV) of 80%, and neg-
ative predictive value (NPV) of 93.1%.7 For intracavitary 
content detection, Araujo et al. reported a sensitivity of 
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12.5%, specificity of 99.3%, accuracy of 90.3%, PPV of 
66.7%, and NPV of 90.8% using a handheld device.18

Despite these encouraging findings, many of the studies 
to date have been pilot in nature, involved limited sam-
ple sizes, and a narrow focus on specific GU pathologies. 
Importantly, most of these studies relied on portable 
devices with 128-element arrays, typically costing around 
US$5,000. Although such devices are less expensive than 
conventional high-end ultrasound systems, their cost 
remains prohibitive for large-scale deployment in low- 
and middle-income countries, where thousands of units 
are required to serve widespread populations. Moreover, 
little evidence exists regarding the clinical performance 
of ultra-low-cost portable ultrasound probes with fewer 
elements and reduced bandwidth, which are increas-
ingly marketed for use in resource-limited settings. The 
diagnostic reliability of these devices is not studied to a 
sufficient degree. The present study aims to address these 
issues by evaluating the performance of a low-cost por-
table ultrasound device with only 80 elements, resulting 
in lower image resolution, lower bandwidth, and costing 
less than US$1,000. The device was assessed across a 
broad range of GU conditions, including the kidneys, UB, 
uterus, ovaries, and prostate. Given the high prevalence 
of GU disorders and the frequent presentation of GU 
symptoms in telemedicine consultations, a dependable 
and affordable portable ultrasound solution could bridge 
critical healthcare gaps and improve patient outcomes, 
particularly in underserved populations.

MATERIALS AND METHODS

Study Design
This cross-sectional study was conducted from 01 

December 2022 to 30 July 2023 to assess the diagnostic 
accuracy of a low-cost portable ultrasound device with 
80 elements (Sunbright SUN-P1, costing approximately 
US$900; Sunbright, Shanghai, China; more information 
is provided in Table 1) for imaging the GU system. Par-
ticipants were selected randomly from patients who 
presented to the hospital with symptoms suggestive of 
kidney, UB, prostate, uterine, ovarian, or adnexal abnormal-
ities. Additionally, the study included apparently healthy 

individuals who were referred for GU ultrasonography as 
part of a routine health check-up. A total of 169 patients, 
aged 15–76 years (mean ± SD: 34.5 ± 13.7 years), were 
included in this study. The cohort consisted of 63 males and 
106 females. Inclusion criteria required that patients had 
non-emergency stable conditions to ensure that imaging 
could be performed safely and systematically. Individuals 
presenting with any urgent or life-threatening conditions 
were excluded to maintain consistency in the study’s 
non-emergent focus and to avoid compromising patient 
safety. Each selected patient underwent imaging using 
the portable ultrasound device. The findings were then 
compared with measurements performed on the same 
patients using a standard, high-end ultrasound machine 
(Samsung Medison Accuvix A30, 192 elements; Samsung 
Medison, South Korea, more information is provided in 
Table 1), which served as the reference standard. This 
comparison allowed for evaluation of the portable device’s 
accuracy, sensitivity, and specificity in detecting various 
GU pathologies. 

Specifications of Ultrasound Machines
The portable handheld ultrasound device (Sunbright 

Sun-P1, Shanghai, China) features a wired convex probe 
that connects to a smartphone, tablet, or personal computer 
(PC).19 This device was chosen for its affordability (about 
US$900), commercial availability, Conformité Européenne 
(CE) marking indicating conformity with applicable Eu-
ropean Union regulatory requirements as declared by 
the manufacturer, and its ability to transfer data to both 
PCs and smartphones. For the present study, a tablet or 
PC was used to acquire and display ultrasound images. 
Data obtained from the portable device were compared 
with the results from a high-end conventional ultrasound 
machine (Samsung Medison Accuvix A30), which is widely 
used in hospital settings.20 Technical specifications of the 
two devices are summarized in Table 1. 
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TABLE 1. Comparison of the technical specifications of both 
conventional and portable devices.

Feature Conventional Device Portable Device

Model Accuvix A30 SUN-P1

Manufacturer Samsung Medison, 
South Korea Sunbright, Shanghai, China

Number of elements 192 80

Frequency 2–6 MHz 2.5–4.5 MHz

Fractional bandwidth 100% 57%

Maximum scanning 
depth 35 cm 24 cm

Maximum frame rate 30 20

Gray scale level 256 256

Display resolution 1920 × 1080 1024 × 768

Power supply 100–220 V, 50/60 Hz, 
1100 VA 5 V USB powered, 1 W

Price US$30,000 US$900

Most previous studies evaluating portable or handheld 
ultrasound devices13–15, 21 for point-of-care or telemedicine 
applications relied on probes with at least 128 transducer 
elements and wide fractional bandwidths, typically ex-
ceeding 80%. The technical parameters of representative 
probes used in such studies are summarized in Table 
2. These hardware configurations provide improved 
beam-forming capability, shorter pulse lengths, and bet-
ter axial and lateral resolution. In contrast, the low-cost 
device evaluated in this study employs an 80-element 
convex probe with a narrower fractional bandwidth. 
From a physical standpoint, the reduced element count 
limits spatial sampling and beam-steering flexibility, while 
the narrower bandwidth increases spatial pulse length, 
both of which are expected to degrade image resolution 
and contrast, compared to higher-end portable systems. 
The aim of this study is to assess whether such a low-
cost probe can nevertheless provide clinically relevant 
diagnostic information for common GU conditions with 
acceptable accuracy.

TABLE 2. Technical specifications of portable ultrasound probes 
previously evaluated for point-of-care applications.

Device / Probe No. of 
Elements

Frequency 
Range (MHz)

Fractional 
Bandwidth (%)

GE Vscan Air (convex) 128 2–5 90

Siemens Acuson P10 64 2–4 67

Philips Lumify™ C5 128 2–5 75

Sunbright SUN-P1 
(present study) 80 2.5–4.5 57

Data Collection
After obtaining informed consent, each subject un-

derwent two ultrasound scans: the first using a low-cost, 
tablet/PC-based portable, and handheld device, and the 
second using a high-end, sophisticated scanner operated 
by the same sonologist. To minimize bias, a sufficient time 
interval (minimum 1 h) was maintained between the two 
scans so that the sonologist forgets the measured values 
in the previous scan. The scans focused on evaluating the 
size, structural characteristics, and pathological changes 
in the kidneys, UB, uterus, ovaries, and prostate. Specific 
measurements and observations were made for each 
organ system as follows:

Kidney Assessment
For each kidney, length was measured as the longest 

longitudinal diameter along the bipolar axis. Parenchy-
mal echotexture was categorized as normal, echogenic, 
or hypoechoic, and corticomedullary differentiation was 
classified as intact, reduced, or poor. The pelvicalyceal 
system was evaluated for dilation, and the presence or 
absence of focal lesions, including cysts, masses, or stones, 
was recorded.

Urinary Bladder Assessment
The urinary bladder wall thickness was classified as 

normal or increased, and wall regularity was noted as 
either regular or irregular. The presence or absence of 
any intraluminal structures was documented.

Uterus Assessment
Uterine size was documented as normal, smaller, or 

enlarged. The presence or absence of any mass lesion 
within the myometrium was recorded, and the endometrial 
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cavity was assessed for the presence of material, with 
endometrial thickness measured where applicable. 

Ovary Assessment 
Each ovary was evaluated for size and classified as 

normal or enlarged. The presence or absence of focal 
lesions, such as cysts or masses, was documented.

Prostate Assessment 
The prostate gland was assessed for size, categorized 

as normal or enlarged, and echotexture was noted as 
homogeneous or heterogeneous.

Measurements of organ diameters and lengths were 
taken using electronic calipers integrated into each device, 
with each measurement repeated thrice. The arithmetic 
mean of these measurements was calculated and recorded 
for final analysis. Statistical analysis was performed to 
evaluate concordance between the two devices, focusing 
on parameters such as organ measurements and the de-
tection of pathologies. Sensitivity, specificity, PPV, and NPV 
were calculated to determine the diagnostic performance 
of the portable device relative to the conventional system.

Analysis and Presentation
Statistical analyses were conducted using the SPSS 

software and Microsoft Excel to evaluate accuracy and 
agreement between portable and standard ultrasound 
devices. Scatter plots were initially constructed to visually 
assess the overall correlation between the measurements 
from both devices. Agreement on categorical variables, 
such as parenchymal echotexture and the presence or ab-
sence of specific pathologies, was assessed using Cohen’s 
Kappa statistics22, which measure the degree of agreement 
beyond chance. For continuous variables, including organ 
measurements such as kidney length and endometrial 
thickness, a Bland–Altman plot was used to evaluate 
agreement by illustrating mean differences and limits of 
agreement between the two devices. Additionally, a paired 
t-test was applied to identify any statistically significant 
differences between measurements from portable and 
standard devices, with a significance level set at p < 0.05.23

RESULTS

Ultrasound scans were performed according to the 
referral request. The patients’ age ranged from 15 to 
76 years (mean ± SD: 34.5 ± 13.7 years). The number of 
scanned organs and the gender distribution of the subjects 
are summarized in Table 3. 
TABLE 3. Number and distribution of study subjects.

Scanned Organ Number of Patients Male Female

Kidney 80 57 23

Urinary bladder 125 30 95

Uterus and adnexa 83 - 83

Prostate 7 7 -

Some representative ultrasound sonography (USG) 
images of different organs are shown in Figures 1–3, 
which demonstrate both normal and pathological states of 
organs as captured with both devices in this study. Figure 
1 illustrates two distinct renal pathologies captured by 
both standard and portable ultrasound devices. In the 
upper row, a cystic lesion is visible in the lower pole of 
the kidney, while the lower row displays a renal stone 
casting a characteristic distal acoustic shadow, effectively 
detected by both devices. 

FIGURE 1. Ultrasound scan images of the kidneys captured 
with both devices. (A) and (C) are from the standard USG unit, 
while (B) and (D) are the corresponding images from the low-
cost device. The upper row demonstrates a cystic lesion in the 
lower pole of the kidney, while the lower row shows a renal 
stone casting distal acoustic shadow, detectable in scans from 
both devices.
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Figure 2 presents comparative images of UB and pros-
tate obtained using the standard ultrasound device (left) 
and the portable device (right). Both scans demonstrate 
comparable structural details, highlighting the devices’ 
capability to identify key anatomical features of these 
organs. 

Figure 3 showcases ultrasound images of the uterus 
and ovary captured with both the standard and portable 
devices. Images 3A and 3C correspond to scans from 
the standard device, while images 3B and 3D are their 
counterparts from the portable device. The upper row 
images depict a normal anteverted uterus with clear 
delineation in both devices. In contrast, the lower row 
focuses on the right ovary. While the standard device 
provides a well-defined image, the ovary is less distinct in 
the portable device scan, as indicated by the white arrow, 
reflecting a limitation in its resolution for small or less 
echogenic structures. 

Kidney Evaluation 
Bipolar length of the right kidney, as measured by por-

table and conventional machines show moderate positive 
correlation as plotted in Figure 4. The squared correlation 
coefficient (r2) is 0.5907. Bland–Altman plot in Figure 5 
shows that overall, the mean value given by the portable 
device was only 0.1 cm greater than that obtained using 
the conventional device. The plot also shows that 95% 
of the measurements using the portable device remained 
within +1.8 cm and −1.5 cm range of the actual values. 

FIGURE 4. Scatter plot showing correlation between right kidney 
bipolar length measurements taken with the two devices. The 
squared correlation coefficient (r2) = 0.5907.

FIGURE 5. Bland–Altman plot showing the difference of the two 
paired right kidney (RK) length measurements plotted against 
the mean of the two measurements. There is no remarkable 
tendency toward under- or overestimation by the portable device.

FIGURE 2. Ultrasound scan images of the urinary bladder 
and prostate captured with the standard device (left) and the 
portable device (right).

FIGURE 3. Ultrasound scan images of uterus and ovary captured 
with both devices. (A) and (C) are images from the standard 
USG unit, while (B) and (D) are the corresponding scans from 
the low-cost device. The upper row shows a normal anteverted 
uterus, while the lower row depicts a right ovary, which is 
difficult to delineate in the portable device scan (white arrow).
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Performance of the low-cost device in evaluating dif-
ferent pathologies involving the right renal parenchyma is 
summarized in Figure 6. The portable device could detect 
normal parenchymal echogenicity accurately, but about 
33.3% of echogenic kidneys and 66.6% of hypoechoic 
kidneys were perceived as normal. The overall agreement 
between the portable and standard devices was substan-
tial, with a Cohen’s Kappa value of 0.715. 

FIGURE 6. Distribution of right renal parenchymal change 
detection with the portable device plotted against the con-
ventional USG unit. The Kappa value was 0.715, indicating 
substantial association.

Performance of the low-cost device in evaluating right 
renal lesions is summarized in Figure 7. It is observed that, 
except for one case of cortical cyst, the portable device 
performed accurately. Kappa value was 0.852, indicating 
a very good association.

FIGURE 7. Distribution of right renal lesion detection with the 
portable device plotted against the conventional USG unit. The 
Kappa value was 0.852, indicating a very good association.

The bipolar length of the left kidney, as measured 
by both portable and conventional ultrasound devices, 
demonstrated a moderate positive correlation, as depicted 
in Figure 8. 

FIGURE 8. Scatter plot showing the correlation between left 
kidney bipolar length measurements taken with two devices. 
The squared correlation coefficient (r2) = 0.6345.

The squared correlation coefficient (r2) was 0.6345. 
The Bland–Altman plot in Figure 9 further illustrates the 
agreement between the two devices, showing that the mean 
measurement obtained with the portable device was only 
0.14 cm greater than that obtained from the conventional 
device. Additionally, 95% of the measurements using the 
portable device were within a range of +1.55 cm-1.27 cm, 
compared to the gold standard.

FIGURE 9. The Bland–Altman plot shows the difference of the 
two paired left kidney (LK) length measurements plotted against 
the mean of the two measurements. No remarkable tendency 
toward under- or overestimation by the portable device.

The performance of the portable device in detecting 
various pathologies affecting the left renal parenchyma 
is summarized in Figure 10. While the portable device 
accurately identified normal parenchymal echogenicity, 
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50% of cases with increased echogenicity and approx-
imately 66.6% of cases with hypoechoic kidneys were 
misclassified as normal. The Cohen’s Kappa value for 
agreement between the two devices was 0.595, indicating 
a moderate level of association.

FIGURE 10. Distribution of left renal parenchymal changes 
detected by the portable device compared to the standard 
USG unit. A Cohen’s Kappa value of 0.595 indicates moderate 
agreement.

Performance of the low-cost device in evaluating left 
renal lesions is summarized in Figure 11. Except for one 
case of cortical cyst, the portable device performed ac-
curately. Kappa value was 0.662, indicating a substantial 
association.

FIGURE 11. Distribution of left renal lesion detection by the 
portable device compared to the conventional USG unit. A 
Cohen’s Kappa value of 0.662 indicates substantial agreement.

Urinary Bladder Evaluation
A total of 126 patients underwent UB examinations. 

Among these, 82.5% of UB cases were optimally filled, 
13.5% were partially filled, and approximately 4% were 

empty. Regarding wall thickness, 82.5% of the examined 
UB cases exhibited normal thickness, while the remaining 
showed abnormal thickening. Both portable and conven-
tional ultrasound devices demonstrated perfect agreement 
in assessing the level of UB filling and wall thickness, with 
a Cohen’s Kappa value of 1. This indicates complete con-
cordance between the two devices for these parameters.

The uterine length and anteroposterior (AP) diam-
eter measurements obtained using the portable and 
conventional ultrasound devices demonstrated good 
positive correlations, with correlation coefficients of 
0.8637 and 0.8444, respectively, as shown in Figures 12 
and 13. Bland–Altman plots in Figures 14 and 15 show 
that there is no remarkable tendency toward under- or 
overestimation by the portable device in case of uterine 
size measurements.

FIGURE 12. Scatter plot showing correlation between uterine 
length measurements obtained by using both portable and 
conventional ultrasound devices. The squared correlation 
coefficient (r2) is 0.8637.

FIGURE 13. Scatter plot showing correlation between uterine 
A/P diameter measurements obtained using the portable and 
conventional ultrasound devices. The squared correlation 
coefficient (r2) = 0.8444.
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FIGURE 14. The Bland–Altman plot for the two paired uterine 
length measurements. The mean value from the portable device 
was only 0.02 cm lower than that of the standard device. Addi-
tionally, 95% of the values from the portable device were within 
the range of +1.30 cm–−1.34 cm, compared to the reference.

FIGURE 15. The Bland–Altman plot for the two paired uterine 
A/P diameter measurements. The mean value from the portable 
device was only 0.15 cm higher than that of the standard device. 
Additionally, 95% of the values from the portable device were 
within the range of +0.98–−0.69 cm, compared to the reference.

Performance of the low-cost device in evaluating the 
myometrium is summarized in Figure 16. The portable 
device had difficulty in differentiating solid lesions, inho-
mogeneous texture, and myometrial calcification from a 
normal myometrium, resulting in a Cohen’s Kappa value 
of 0.710. The portable device could accurately identify 
normal myometrium. However, about 25% of the solid 
lesions, 66.7% of the inhomogeneous texture, and myo-
metrial calcification could not be distinguished. 

FIGURE 16. Bar chart showing the distribution of myometrial 
pathology detection using the portable device, compared to the 
standard USG unit. The portable device accurately identified 
normal myometrium but failed to detect 25% of solid lesions 
and 66.7% of cases with inhomogeneous texture and myome-
trial calcifications.

Performance of the low-cost device in evaluating the 
endometrium is summarized in Figure 17. Inhomogeneous 
endometrium and most endometrial collections were 
misdiagnosed with the portable device. Cohen’s Kappa 
value was 0.696, indicating a substantial association.

FIGURE 17. Bar chart showing the distribution of endometrial 
pathology detection using the portable device, compared to 
the standard USG unit. The Kappa value was 0.696, indicating 
a substantial agreement.

Ovary Evaluation 
The performance of the low-cost portable device in 

evaluating ovarian size is summarized in Figure 18. While 
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the device accurately identified normal-size ovaries, ap-
proximately 53.8% of enlarged ovaries were misclassified 
as normal. Cohen’s Kappa value for agreement with the 
conventional device was 0.740, indicating substantial 
association. Notably, among the subjects, six had no ova-
ries because of surgical removal, and the portable device 
detected this in all cases. Figure 19 illustrates the device’s 
performance in detecting ovarian and adnexal lesions. The 
portable device accurately identified non-pathological 
ovaries; however, it misclassified 14.2% of polycystic ova-
ries and 27.2% of adnexal cysts as normal. Despite these 
limitations, the device showed good agreement with the 
standard system, with a Cohen’s Kappa value of 0.854.

FIGURE 18. Bar chart showing ovarian size assessment findings 
using the portable device, compared to the standard USG unit. 
The portable device accurately identified normal-sized ovaries. 
The Kappa value was 0.740, indicating a substantial agreement.

FIGURE 19. Bar chart showing findings from ovarian/adnexal 
lesion assessment using the portable device, compared to the 
standard USG unit. The Kappa value was 0.854, indicating a 
good association.

Prostate Evaluation
Figure 20 shows the performance of the low-cost device 

in evaluating the prostate. Except for one case of a small 
prostatic cyst, the test device was accurate. Cohen’s Kappa 
value was 0.611, indicating a substantial association. 

FIGURE 20. Bar chart showing findings from prostate assessment 
using the portable device, compared to the standard USG unit. 
The Kappa value was 0.611, indicating a substantial association.

Diagnostic performance of a method/device to 
detect a pathology is usually described in terms of 
sensitivity, specificity, accuracy, PPV, and NPV. Table 4 
summarizes these findings for the portable device in 
case of some commonly found pathologies of GU system. 

TABLE 4. Diagnostic performance of portable device in sta-
tistical terms.

Pathology Number 
of subjects

Sensitivity 
(%)

Specificity 
(%)

Accuracy 
(%)

Positive 
predictive 

value 
(PPV) 
(%)

Negative 
predictive 

value 
(NPV) 

(%)
Chronic 
kidney 
disease

80 58.3 100 93.7 100 93.1

Acute kidney 
injury 80 33.3 100 97.5 100 97.4

Renal cyst 80 50 100 98.7 81.2 98.5
Bulky uterus 78 92.8 95.3 94.8 100 97.1
Uterine mass 78 75 100 97.2 100 97.3
Inhomo-
geneous 
myometrium

78 33.3 100 97.2 100 96.0

Endometrial 
collection 78 25 100 95.8 100 90.9

Enlarged 
ovaries 83 46.1 100 91.5 100 98.6

Polycystic 
ovaries 83 85.7 100 98.7 100 95.9

Adnexal cyst 83 72.7 100 96.3 100 98.9
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accuracy of portable devices for UB evaluation, supporting 
their integration into clinical workflows.13,15,16 Uterine size 
measurements showed a very strong correlation (r² > 0.8 
for both longitudinal and anteroposterior diameters), 
with mean differences of only 0.02 cm and 0.15 cm, re-
spectively (Figures 12–15). The portable device effectively 
identified normal myometrium but struggled to detect 
inhomogeneous textures and calcifications, yielding a 
Cohen’s Kappa value of 0.710 (Figure 16). The sensitivity, 
specificity, PPV, and NPV values for detecting uterine mass 
lesions were 75%, 100%, 100%, and 97.3%, respectively, 
exceeding the results reported in a pilot study conducted 
by Toscano et al.17

For endometrial evaluation, the portable device 
demonstrated a Cohen’s Kappa value of 0.696, indicating 
a substantial agreement with the conventional device 
(Figure 17). However, misdiagnoses occurred for inhomo-
geneous endometrium and some endometrial collections. 
Sensitivity was 25%, while specificity, PPV, and NPV were 
100%, 100%, and 90.9%, respectively, the results that 
were consistent with the findings reported by Araujo et 
al. in a prospective accuracy study.18

Ovarian size evaluation showed substantial agree-
ment, with a Cohen’s Kappa value of 0.740 (Figure 18). 
However, 53.8% of enlarged ovaries were misclassified as 
normal. For adnexal lesions, sensitivity ranged between 
72% and 85%, with specificity and PPV at 100% (Figure 
19). The portable device performed well in identifying 
cystic adnexal lesions but had limitations in detecting 
subtle ovarian enlargements. Prostate assessments 
demonstrated excellent agreement with the standard 
device, highlighting the portable device’s potential for 
evaluating this organ (Figure 20). However, the sample 
size for prostate evaluations was limited.

Overall, the portable device was comparable to similar 
devices tested in previous studies, as it also showed higher 
specificity and lower sensitivity (Table 3), indicating its 
ability to report fewer false negatives than false positives. 
The ease of use and accessibility of portable diagnostic 
tools often come with such trade-off between sensitivity 
and specificity, which, in turn, affects their accuracy. 
However, for large-scale screening programs, or to avoid 

DISCUSSION

This study evaluated the accuracy and agreement of a 
low-cost portable ultrasound device (80 elements, US$900) 
with a high-end conventional system (192 elements, 
US$30,000) for imaging the GU system. The evaluation 
focused on organ size measurements and the detection of 
pathological changes in the kidneys, UB, uterus, ovaries, 
and prostate. While the portable device demonstrated 
satisfactory performance for basic measurements, its 
lower resolution limited its ability to detect fine anatom-
ical details and subtle textural changes, as illustrated in 
Figures 1–3.

Ultrasound is a valuable tool for kidney evaluation, 
leveraging the distinct echogenicity of the renal paren-
chyma, and the ability to detect architectural distortions 
caused by pathology.24 In this study, the portable device 
provided renal bipolar length measurements within 1 
mm of the conventional device, corroborating the findings 
of Lavi et al. in a comparison study, who reported a 0.8 
mm difference.13 However, the portable device exhibited 
reduced sensitivity for detecting parenchymal diseases, 
misclassifying 33.3% of echogenic kidneys and 66.6% 
of hypoechoic kidneys as normal for the right kidney, 
with a Cohen’s Kappa value of 0.715 (Figure 6). Similar 
limitations were observed for the left kidney, yielding a 
Cohen’s Kappa value of 0.595 (Figure 10). These findings 
appear to match those obtained by Zúñiga et al., who re-
ported challenges in the left kidney evaluation because 
of its posterior position despite using a device with more 
elements (128) and higher price in a prospective observa-
tional study.25 Despite these issues, the low cost portable 
device performed well in detecting renal cysts and stones, 
achieving Cohen’s Kappa values exceeding 0.8 for the right 
kidney and 0.6 for the left kidney (Figures 7 and 11). The 
device’s sensitivity (50%) and specificity (100%) for cyst 
detection were partially comparable to Stock et al., who 
reported a sensitivity of 79% and specificity of 100% in 
another comparison study using a pocket-size device14, 
again with a greater number of elements.

For UB evaluation, the portable device achieved perfect 
agreement with the conventional device in assessing blad-
der filling and wall thickness, with a Cohen’s Kappa value 
of 1. This aligns with previous studies demonstrating the 
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unnecessary intervention, a tool with higher specificity 
is worth considering.

The high cost of sophisticated ultrasound machines 
(US$20,000–50,000) limits their use in telemedicine for 
rural areas of LMICs. Even portable models from reputed 
brands (about US$5,000) remain expensive for such settings. 
This study focuses on an even lower-cost device (about 
US$900) with only 80 elements probe and a narrower 
fractional bandwidth. Despite these inherent technical 
constraints, our results demonstrated that clinically relevant 
diagnostic information for common GU conditions could 
still be obtained with acceptable accuracy. This finding 
suggests that, although image quality is compromised 
relative to higher-element, wider-bandwidth devices, 
the performance of an ultra-low-cost ultrasound system 
may remain sufficient for targeted diagnostic tasks in 
telemedicine. While a smartphone or tablet/PC (around 
US$200) is needed to operate the device, the existing 
personal devices may suffice. Portable units are far more 
power-efficient (1 W vs. 1000 W for conventional systems), 
can be recharged via solar power, and require minimal 
maintenance, because most controls are software-based. 
Although repairs may be challenging, the low price makes 
replacement feasible, enhancing affordability, scalability, 
and suitability for rural healthcare delivery.

Limitations
The inclusion of patients with routine or nonurgent 

complaints resulted in a low prevalence of abnormal find-
ings. In addition, emergency cases were excluded due to 
their inability to stay for prolonged evaluations, meaning 
the device’s performance in critical care settings was not 
assessed. Scans were performed by the same person using 
both devices; therefore, inter-observer agreement could 
not be evaluated. Involving multiple observers and a larger 
patient pool would help to address these limitations in 
future studies. Furthermore, as a single-center study, the 
findings may not be generalizable. Future multicenter 
trials are recommended to validate these results and as-
sess the device’s performance in diverse clinical settings, 
including critical care.

Historically, several factors have hindered the wide-
spread adoption of tele-ultrasound, including the complex 

challenges of transducer positioning, patient body posture, 
device settings, and image quality and clarity. Additionally, 
the process requires sophisticated medical software and 
secure transmission protocols to ensure patient privacy. 
However, advances in wireless network technology and 
increased cell phone accessibility are making tele-ultra-
sound an increasingly viable option. Challenges such as 
probe handling, orientation, and machine settings can be 
mitigated through adequate training of remote operators. 
Beyond traditional teaching methods, approaches such 
as tele-learning, augmented reality tools, and tele-guided 
ultrasound can further enhance operator proficiency.26

CONCLUSION

This study evaluated the diagnostic accuracy of a low-
cost portable ultrasound device for GU system imaging and 
found it effective for detecting renal cysts, uterine masses, 
polycystic ovaries, and adnexal cystic lesions. However, 
its accuracy was lower for diagnosing renal parenchymal 
diseases and ovarian enlargement. Pathologies affecting 
the parenchymal echotexture of solid organs should be 
interpreted with caution. The portable device exhibited 
high specificity but comparatively lower sensitivity, a 
common characteristic of such devices. For size mea-
surements, it demonstrated reliable accuracy across most 
organs, reinforcing its utility in routine clinical settings. 
While the portable ultrasound device shows promise as 
a point-of-care diagnostic tool and holds potential for 
integration into telemedicine services, particularly in 
resource-limited areas, its limitations must be clearly 
understood. Adequate user training is essential to ensure 
safe and effective use. Additionally, efficient data transfer 
mechanisms are crucial to maximize its utility, especially 
in remote settings, such as refugee camps, hilly regions, 
and islands. 
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