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Abstract: The evolution of society, the development of the Internet, and the increased need for medical services generated the 
emergence of telemedicine. The visual and auditory connection between the doctor and the patient allowed good communication, 
but the limitation of the clinical examination remained a problem. Tele-echography complements tele-consults and brings 
valuable information in many specialties. Our study is conducted on data obtained by organizing the first network of telemedicine 
with tele-echography in the country. The ultrasound examinations targeted only the abdomen, but the structure also allows tele-
echocardiography as well as the extension to other services at distance. The purpose of the study is to objectively assess the 
ability of tele-echography to complete the teleconsultation with information on which we can rely. The national tele-echography 
network was created by distributing 40 tele-echographs in the country, one in each county, in the family doctors' offices. The 
obtained data were analyzed statistically. The study shows that tele-echography can be performed with very good accuracy in 
synchronous mode but low in asynchronous mode, which required re-examination or resumption of examination in the reference 
medical center. The widespread use of tele-echography associated with teleconsultations can have favorable consequences on 
the medical act, the quality of life of the patients and the doctors, and society by reducing pollution and urban agglomerations. 
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INTRODUCTION

Telemedicine is defined as a technique that comprises the 
usage of information and communication technologies (ICT) to 
enhance the access of patients to distant healthcare providers
and technologies [1].  

Tele-echography or tele-ultrasonography (Tele US) uses re-
mote transmission to provide enhanced US diagnosis, based 
on the opinion of remote experts. TELUS is frequently 
performed at the point-of-care (PoC) by primary care doctors, 
with a profound impact on patients located at remote 
destinations [2]. 

The aim of the organization of the national network 
telemedicine with tele-echography is to provide patient-
centered care, with enhancement in the clinical decision-
making for individual cases. The procedures’ results are 
amplified by the involvement of specialists as remote experts 
[3]. 

The results of previous studies have motivated the 
organization of the first tele-echography network in Romania 
[4,5,6]. 

In the studies carried out in the field of telemedicine with tele- 
echography, the following disadvantages are identified: the 
deficit of specialized medical staff, the difficulties of time 
management, and the costs of equipment and the internet 
[7,8,9]. 

The national telemedicine network with tele-echography is 
made up of 40 tele-echography centers organized as follows: 
In each county, the Lotus Image medical center from Targu 
Mures provided a tele-echography through which tele-consul-
tations, including tele-echography, were performed with the 
specialists.  

In this preliminary retrospective study, we present the details 
of this structure and the statistical analysis of the accumulated 
data from abdominal examinations. The presented data 
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demonstrate the increase in the quality of the medical service
when tele-echography is associated with teleconsultation and 
motivates the extension to the other specialties: cardiology, 
obstetrics and gynecology, pediatrics, endocrinology, and 
senology.

MATERIALS AND METHODS

The components of the tele-echography network are a doctor, 
portable POCUS device -Telemed LS64 FLT-1T with EchoWave 
II (EWII) software, a virtual private network (VPN)-secure, 
private, and encrypted online connection, remote expert. The 
two main parts of the process are the transmission and 
reception of ultrasound images. The transmission is done by 
the ultrasound device and the internet connection. The 
reception is made up of personal computers or smartphones
with dedicated soft. In asynchronous mode, the third 
component intervenes, the server where echography films are 
stored and downloaded later by experts. In synchronous
mode, the examinations are made at the same time and the 
result of the examination is issued immediately after its 
completion.

Figure 1: Tele-echography network

Synchronous examination or real-time is the most appreciated
method of examination by patients, examining physicians, and 
experts because it alleviates the possibility of timely 
interaction between the three of them, the adjustment by 
verbal guidance of the examination to obtain the correct 
images and their interpretation in the clinical context and 
release the results immediately after the end of the 
examination.

Asynchronous examination or store-and-forward has the 
advantage that the videos and results are saved digitally and 
can constitute both an image database and forensic 
documentation in case of malpractice process. The second 
advantage is that it allows greater flexibility in the working 
time for the patient-examining physician and expert but is 
subject to the risk of incomplete or incorrect results with the 
possible consequence of requesting the resumption of the 

examination from the expert.

The national tele-echography network that was created within 
this project had both options. As a result, through the activity 
in the network, a database was established consisting of both 
the storage of echography videos and of the standardized 
results. 

By entering the standardized elements in an excel database, a 
complex statistical analysis was possible, which included the 
following elements: the reasons for the patients' presentation 
for tele-echography, the number of organs completely or 
incorrectly reviewed, the ability to visualize the spleen and 
kidney, the collaboration with the patient to obtain and 
maintaining apnea necessary for a correct examination of the 
upper abdomen. 

RESULTS

The study group resulted from the selection of approximately 
3000 tele-echography abdominal examinations performed in 
synchronous and asynchronous modes within the created 
network. The results of the examinations were drafted and 
standardized, and the parameters were entered into the excel 
database. Incomplete results and re-examinations were 
excluded. The created database contains both medical 
documents and video recordings. The distributions of the 
”reasons for presentation” for the tele-echography 
examination are shown in Table 1, Figure 2. A large proportion
of persons presented themselves to the specialist for 
screening (30.3%). This parameter illustrates the awareness of 
the population for prevention and confirms the role of this 
method to meet the needs of the patients. Chronic abdominal 
pain syndrome and nonspecific syndromes were the reasons 
for teleconsultation with tele-echography in another third of 
the patients.

Figure 2: Reasons for the presentation at the tele-echography
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Table 1:  The reasons for the presentation at the ultrasound 

Reasons for the presentation Number Percentage 

Screening 144 30.3

Consumptive Syndrome1 16 3.4 

Dysmolity-Like Syndrome2 20 4.2

Biliary Syndrome3 38 7.9 

Dyspeptic Ulcer-Like Syndrome4 60 12.6

Abdominal Pain Syndrome5 62 13

Nonspecific Syndrome6 90 18.9

High Urinary Syndrome7 16 3.4 

Lower Urinary Syndrome8 30 6.3

Total 477 100
1 Consumptive syndrome – clinical syndrome characterized by consuming the 
body's reserves, secondary to the evolution of serious chronic diseases. 
2 Dysmotility-like dyspepsia – bloating, abdominal distention, flatulence, and 
prominent nausea. 
3 Biliary Syndrome – abdominal pain, especially in the upper right side of the 
abdomen under the rib cage, nausea or vomiting 
4 Dyspeptic Ulcer-Like Syndrome – discomfort or pain that occurs in the upper 
abdomen, often after eating or drinking. 
5 Abdominal Pain Syndrome – continuous or almost continuous abdominal pain, 
slightly related to intestinal function, associated with decreased daily tone, and 
which has been present for at least the last six months. 

6 Nonspecific Syndrome – Indigestion, abdominal pain with bowel movements, 
feeling full after eating a small amount of food, nausea, vomiting. 
7 High Urinary Syndrome – Painful urination (dysuria), frequent urination, 
especially during the day, pain in upper abdomen and back 
8 Lower Urinary Syndrome – blood in your urine (hematuria), difficulty urinating 
(urinary retention), feeling an immediate urge to urinate, frequent urination, 
especially during the day, painful intercourse (dyspareunia), painful urination 
(dysuria), pain in your genitals, lower abdomen and lower back. 

Correlation between the parameters in pathology where the 
ultrasound examination has a major role in the diagnosis 
such as lithiasis and proliferative disease 

Correlations between biliary syndrome and cholelithiasis 

Out of 38 patients who complained of biliary syndrome, only 4 
were found biliary lithiasis ultrasound aspects, while out of 439 
without the biliary syndrome, 25 (5.7%) had cholelithiasis 
Table 2. The differences are statistically insignificant (p -0.27). 
The absence of a syndrome in the anamnesis does not exclude 
a certain type of pathology. The usefulness of the ultrasound 
examination is obvious in this case. 

Table 2:  The relationship between biliary syndrome and cholelithiasis 

P -0.27 
Cholelithiasis

Total
not yes

Biliary 
Syndrome1

not
number 414 25 439

% 94.3% 5.7% 100.0%

yes 
number 34 4 38 

% 89.5% 10.5% 100.0%

Total
number 448 29 477

% 93.9% 6.1% 100.0%
1 Biliary syndrome: Abdominal pain, especially in the upper right side of the abdomen under the rib cage. Nausea or vomiting with or without icter 

Correlations between high urinary syndrome and renal lithiasis  

Of the 16 people who complained of a high urinary syndrome, 
only 2 were labeled with renal lithiasis. Of the 461 people who 

did not report a high urinary syndrome, only 18 were labeled 
with renal lithiasis. The differences are statistically 
insignificant (p -0.14), Table 3. 

Table 3:  The relationship between high urinary syndrome and renal lithiasis 

P -0.14 
Renal lithiasis 

Total
not yes

High 
urinary 

syndrome1

not
number 443 18 461

% 96.1% 3.9% 100.0%

yes 
number 14 2 16 

% 87.5% 12.5% 100.0%

Total
number 448 457 20 

% 93.9% 95.8% 4.2% 
1 High urinary syndrome: upper back pain, dysuria, polakiuria, with or without macroscopic hematuria, fever, chills 

Correlations between lower urinary syndrome – hypertrophy of 
the prostate 

Of the 31 people who reported down urinary syndrome, 7 

(22.6%) were labeled benign hypertrophy of the prostate 
(BPH). Of the 446 people who did not report a urinary 
syndrome down, only 43 (9.6%) were labeled with BPH. The 
differences are statistically significant (p -0.03), Table 4. 
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Table 4:  The relationship between lower urinary syndrome and benign hypertrophy of the prostate (BPH) 

P -0.03
BPH

Total
not yes

Lower 
urinary 

syndrome1

not
number 403 43 446

% 90.4% 9.6% 100.0%

yes 
number 24 7 31 

% 77.4% 22.6% 100.0%

Total
number 448 427 50 

% 93.9% 89.5% 10.5%
1 Lower urinary syndrome: difficulty urinating (urinary retention), feeling an immediate urge to urinate, frequent urination, especially during the day, painful intercourse 
(dyspareunia), painful urination (dysuria), pain in your genitals, lower abdomen and lower back pain with or without hematuria, fever, chills

Tele-ultrasound examination skills

We analyzed the examiner's ability to highlight the abdominal 
organs that present difficulties of ultrasound examination at 
the classical, direct examination. One of the factors that makes 
ultrasound examination difficult is obesity. That's why we 
analyzed the number of unchecked organs and the body mass 
index (BMI). 

Number of unvisualized organs and body mass index ( BMI) 

In 41 cases an organ was not revealed, in 5 situations two 
organs were not visualized, in 4 cases – 3 organs, in one case – 
5, respectively 9 organs. In cases where an organ has not been 
visualized, 4 (13.3%) people with obesity grade II are noted, or 
17 (10.4%) overweight people. Situations with two 
unvisualized organs were identified in normal or overweight 
people Table 5. 

Table 5: Relationship between BMI and number of organs not viewed  

P -0.98
No invisible org

Total 
0 1 2 3 5 9 

BMI1

under 
ponderal 

number 18 0 0 0 0 0 18 

% 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0%

normo 
ponderal 

number 123 11 2 1 0 1 138

% 89.1% 8.0% 1.4% 0.7% 0.0% 0.7% 100.0%

Supra 
ponderal 

number 144 17 2 1 0 0 164

% 87.8% 10.4% 1.2% 0.6% 0.0% 0.0% 100.0%

obesity 
grade I 

number 103 8 1 2 1 0 115

% 89.6% 7.0% 0.9% 1.7% 0.9% 0.0% 100.0%

obesity
grade II 

number 26 4 0 0 0 0 30

% 86.7% 13.3% 0.0% 0.0% 0.0% 0.0% 100.0%

obesity
degrees III

number 11 1 0 0 0 0 12

% 91.7% 8.3% 0.0% 0.0% 0.0% 0.0% 100.0%

Total 
number 425 41 5 4 1 1 477

% 89.1% 8.6% 1.0% 0.8% 0.2% 0.2% 100.0%
1BMI = weight (kg)/height (cm2) 

Relationship between tele-ecographist and spleen visualization  

The spleen has the same characteristics in ultrasound 
examinations as kidneys: intestinal gaseous overlaps and the 
chest cage make it difficult to examine these organs. 
Therefore, we evaluated the feasibility of the method by 
establishing the vision rate of the spleen at each of the 
examiners included in the study. The results, contained in the 
table below, demonstrate the uniformity of this parameter 
and support the promotion of the patient's examination 
method (Table 6). 

Number of unidentified organs during an examination 

The first condition for correct examination is the honesty of 
the examiner; declaring the parameters unidentified during 
the examination makes sure that they will be evaluated in 
other conditions (e.g. after the treatment of reducing bloating, 
examination of the bladder in the replete or gallbladder of 
fasting) or with other imaging means: retroperitoneum by CT 
or MRI, prostate by an endorectal probe, genital organs by an 
endovaginal probe (Table 7). 
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Table 6: Relationship between tele-ecographist and spleen visualization 

P -0.96
View the spleen 

Total
not yes

Teleecographer

Other 
number 0 19 19

% 0.0% 100.0% 100.0%

CJ 
number 2 59 61

% 3.3% 96.7% 100.0%

PV 
number 11 358 369 

% 3.0% 97.0% 100.0%

RS
number 1 27 28

% 3.6% 96.4% 100.0%

Total
number 14 463 477 

% 2.9% 97.1% 100.0%

Table 7:  Relationship between the tele-ecographer and the number of unvisualized organs 

P -0.38 
No invisible organs 

Total 
0 1 2 3 5 9

Tele ecographer

Other 
number 18 1 0 0 0 0 19 

% 94.7% 5.3% 0.0% 0.0% 0.0% 0.0% 100.0% 

CJ 
number 57 4 0 0 0 0 61 

% 93.4% 6.6% 0.0% 0.0% 0.0% 0.0% 100.0% 

PV
number 325 35 3 4 1 1 369 

% 88.1% 9.5% 0.8% 1.1% 0.3% 0.3% 100.0% 

RS
number 25 1 2 0 0 0 28 

% 89.3% 3.6% 7.1% 0.0% 0.0% 0.0% 100.0% 

Total
number 425 41 5 4 1 1 477 

% 89.1% 8.6% 1.0% 0.8% 0.2% 0.2% 100.0% 

The two cases in which no organ could be visualized were 
correlated with very low acoustic impedance, increased BMI, 
and difficulties in maintaining clinostatism and apnea, due to 
the accusation of comorbidities, in conditions of postprandial 
examination and with the bladder in vacuity. In these cases, 
the limits of the method are declared and the patient was 
guided to imaging methods compatible with their 
particularities.  

DISCUSSION 

The terms used in this study are based on the 
recommendations of EFSUMB 2018 in which it is specified that 
the ultrasound examination suggests diagnostic hypotheses, 
but does not make a diagnosis [10]. To extend the 
accumulated experience to other specialties, we analyzed the 
studies published in the following areas: emergency medicine, 
obstetrics, gynecology, cardiology, pediatrics, musculo-
skeletal, and pneumology.  

Portable ultrasound units were used in the initial phase of 
trauma resuscitation for Focused Assessment with 
Sonography for Trauma, based on triage protocols for trauma 
patients by paramedics emergency physicians: infield FAST or 

e-FAST examinations. The study demonstrated similar quality
with original movies; after 20 min lecture on FAST and US
system presentation TeleUS (FAST) for US naive paramedics by 
emergency physicians was performed FAST on a patient with
real-time EP connection. The result of the study was 100%
complete views, with a mean time of 262 seconds (< 5
minutes) [11].

Obstetrics and gynecology: lack of fetal radiation exposure 
make teleUS the perfect tool for geographically isolated 
pregnant patients. Confirmation of intrauterine pregnancy, 
monitoring of fetal growth, and evaluation of pregnancy-
related complications, with markedly reduced costs, were 
demonstrated in the studies [12,13,14]. 

Echocardiography is indispensable in clinical decision-making 
remote fetal echocardiography congenital prenatal heart 
disease left ventricular systolic function, LV ejection fraction 
[15]. 

Remote spatial applications International Space Station 
applications, 2h pre-flight training modules, 60 min in-flight 
session, e-learning system for US operators, no consistent 
significant effects of long-duration space flight on 
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echocardiographic variables [16,17,18]. 

The use of ultrasound in the examination of musculoskeletal 
structures exceeded the limit of the penetrability of 
ultrasound through the bone and allowed the opening of new 
horizons both in direct examination and by tele-echography 
including self-examination [19]. 

In pediatrics, the use of point-of-care ultrasonography (POC 
US) is very useful [20]. 

During the COVID-19 pandemic, it was necessary to use all 
diagnostic means including ultrasound, which proved to be a 
low-cost tool very useful in remotely guided pulmonary 
resuscitation [21]. 

Tele-echography in addition to teleconsultations is a 
unanimously accepted aid. 

The main problem is the number of specialists needed to solve 
the increasing demand for tele-echography services.  The 
solution can be to accredit the overspecialization of the nurses 
in synchronous tele-echography, and the use of artificial 
intelligence in the field of tele-ultrasound. 

On the existing structure, other types of ultrasound 
examinations are carried out: echo cardio, thyroid echo, and 
peripheral eco doppler, which is the subject of ongoing 
studies. 

In the future, networks, such as those described, can be 
organized in human communities such as militia units, refugee 
camps, children's camps, and theaters of battle.  

CONCLUSION 

Portable hand-held ultrasound devices will move this valuable 
medical investigation near the patient and the medical society 
must prepare for this stage. 

Future research directions may be a combination of tele-
consultation with other investigations that can participate in 
the diagnosis of the remote patient: tele-EKG, tele EEG, tele-
dermatoscopy, tele-otoscopy, telemedicine stethoscope.  
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