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Abstract 

Background: Venous limited compression ultrasonography (VLCU) is recommended in case of suspicion of deep 
venous thrombosis (DVT). Current training pathways are rather long and include experiential phase. This aim of this 
study was to investigate the efficacy of a short training session for VLCU without experiential phase. The training 
session was applied in residents without previous ultrasound skills. Program included operation of ultrasound device 
and interpretation of venous images. Included patients were older than 18 years and had a suspicion of DVT. After 
realization of VLCU using usual technique, residents reported the dynamic compressibility of the femoral and pop-
liteal veins, the presence or not of a visible thrombus, self-reported difficulty and duration. Patients then underwent 
a whole leg ultrasonography (WLCU) in the local laboratory which was blinded to VLCU results. The main criterion 
was the negative-predictive value (NPV) of VLCU for the absence of proximal DVT diagnosed with WLCU. Secondary 
criteria were VLCU diagnostic performances, rate of inability to conclude, difficulty and duration. For a NPV of 95 ± 6%, 
the needed number of patients was 96. This study was approved by the ethical committee.

Results: 102 patients were analyzed. 46 residents were trained. A DVT was diagnosed by WLCU in 18 patients (preva-
lence of 17.6% [95% CI 11–26%]). VLCU detected 15 DVT (NPV of 96% [95% CI 89–99%]). The positive likelihood ratio 
was 9.9, the negative likelihood ratio 0.19 and Cohen’s Kappa 0.62 [95% CI 0.52–0.71]. The sensitivity was 83% [CI 95% 
60–94%] and specificity 88% [CI 95% 79–93%]. The mean number of VLCU by residents was 2.3 ± 2.1, median 2 (mini-
mum 1, maximum 8). Mean duration was 3.4 min, difficulty was 3.7 ± 2.

Conclusion: The principal objective, NPV 96% [95% CI 89–99%], was achieved. However, this short training session 
was inadequate to allow ruling-out a DVT with sufficient security. Thus, the experiential phase seems to be essential.
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Background
Venous limited compression ultrasonography (VLCU) is 
recommended by the American College of Emergency 
Physicians [1] and by other Societies like the French Soci-
ety of Emergency Medicine [2] in the evaluation of sus-
picion of deep venous thrombosis (DVT). This simplified 

exam coupled with d-dimer testing was successfully 
evaluated versus whole leg color-coded Doppler ultra-
sonography (WLCU) in a randomized controlled trial 
[3]. Actually, isolated distal DVT, below popliteal veins, 
have a very low rate of extension or pulmonary embolism 
[4] even in absence of anticoagulant treatment. WLCU 
needs experienced operators and is most frequently 
impossible after hours. These reasons have promoted 
usage of VLCU in the Emergency Departments (ED) 
since (I) patients with suspected DVT can be admitted 
24 h/7 days a week and (ii), this technique can be safely, 
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quickly and accurately performed by Emergency Physi-
cians (EP).

However, the initial training in Point-of-Care Ultra-
sound (POCUS) of EP remains a crucial question. The 
American College of Emergency Physicians has formal-
ized the training pathway for EP without previous ultra-
sound skills [1]. It begins with a didactic course followed 
by an experiential phase of supervised ultrasounds. A 
similar POCUS training pathway is proposed in United 
Kingdom [5]. These training pathways are rather long and 
time-consuming. A recent Spanish study demonstrated 
that a 10-h training session provided good results in term 
of diagnosis accuracy in particular for VLCU [6].

Our goal was thus to investigate a shorter training ses-
sion, 2-h, without experiential phase for VLCU by per-
forming a prospective study.

Patients and methods
Overall
We performed a prospective multicenter observational 
study to assess the efficacy of this training session for res-
idents without previous ultrasound skills. The main crite-
rion was the negative-predictive value of VLCU since the 
major objective of this exam in Emergency Medicine is to 
safely discharge patients without anticoagulants.

Patients
Inclusion criterion was a suspicion of DVT in patients 
older than 18 years in the three ED involved in this study. 
Exclusion criteria were a past history of DVT, symptoms 
for more than 4 weeks and documented end-of-life pre-
cluding investigations.

Methods
Participating physicians and training session
Participating first or second year residents were 
recruited in three ED. Inclusion criteria were the absence 
of previous POCUS exposure before participation to our 
study, in particular, no POCUS course during their med-
ical school nor during their Emergency Medicine resi-
dency. They committed themselves not to follow another 
POCUS training until conclusion of the study. The train-
ing session was a standardized 2-h meeting including up 
to 7 residents with a registered POCUS trainer. The pro-
gram included operation of ultrasound device, venous 
compression theory and technique, interpretation of 
normal and pathological venous images. Approximately 
half of the time was spent performing venous imaging 
on other participants under supervision of the POCUS 
trainer. There were eight sessions performed by the same 
team, residents stayed on average 6 months in the ED. 
This study was approved by the Ethics Committee of 
Nantes University Hospital (reference RC15_047).

Study flow
After verification of inclusion and exclusion criteria, 
obtaining oral informed consent and Wells score calcula-
tion [7], a VLCU was performed by resident. It was done 
using a Philips CX50 with a linear probe following the 
usual technique described in Lee article (2-point tech-
nique) [8]. Residents reported the dynamic compress-
ibility of the right and left common femoral and popliteal 
veins, the presence or not of a visible thrombus, VLCU 
difficulty and duration. Patients then underwent a WLCU 
in the local vascular laboratory which was blinded to the 
VLCU result.

Objectives and criteria
The main objective was the ability to exclude a DVT in 
case of negative VLCU, Secondary objectives were diag-
nostic performances of VLCU, inability to conclude on 
compressibility, concordance between the two exams, 
duration and difficulty.

The main criterion was the full compressibility of the 
four sites allowing to calculate the negative-predictive 
value (NPV) of VLCU for the absence of proximal DVT 
diagnosed with WLCU. For this purpose, when residents 
were unsure of the compressibility, it was secondarily 
coded as absence of compressibility. Secondary objec-
tives were sensitivity, specificity, positive-predictive value 
(PPV), positive and negative likelihood ratio of VLCU, 
rate of inability to conclude (common femoral and pop-
liteal), Cohen Kappa between VLCU and WLCU, num-
ber of VLCU performed by each residents, self-reported 
duration and difficulty score of VLCU (coded from 1 very 
easy to 10 impossible).

Statistics
For a negative-predictive value of 95% with a confidence 
interval of 6%, the needed number of patients was 96. For 
security purpose, we planned to enroll 106 patients.

Data stored in a Microsoft  Access® database were ana-
lyzed using PASW  Statistics®. Numerical data were pre-
sented as mean and standard deviation, categorical data 
as percentage with 95% confidence interval. Numerical 
data were compared using analysis of variance and Stu-
dent’s t test or non-parametric if needed, categorical data 
by χ2 test. A p value < 0.05 was considered significant.

Results
Between December 2014 and August 2017, 118 patients 
were included, 16 secondarily excluded (one with a past 
history of DVT, 15 without WLCU), thus 102 patients 
were analyzed (Center 1: 50 patients, center 2: 44 and 
center 3: 8) (Table  1). The flowchart of patients is dis-
played in Fig. 1.
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During the same time, 46 residents were trained. A 
DVT was diagnosed by WLCU in 18 patients, leading to 
prevalence of 17.6% [95% CI 11–26%]. VLCU detected 
15 DVT, 3 were missed (two popliteal veins and one 

femoral) leading to a NPV of 96% [95% CI 89–99%] (con-
tingency table displayed in Table 2).

The positive likelihood ratio was 9.9, the negative like-
lihood ratio 0.19 and Cohen’ Kappa 0.62 [95% CI 0.52–
0.71]. The sensitivity was 83% [CI 95% 60–94%] and 
specificity 88% [CI 95% 79–93%]. Residents were unable 
to conclude on complete compressibility in 13 femo-
ral and 22 popliteal veins χ2 test between the two sites, 
p = 0.15), leading to a whole uncertainty score of 7.5%. 
The mean number of VLCU by residents was 2.3 ± 2.1, 
median 2, (minimum 1, maximum 8). Duration of VLCU 
was 3.4 ± 2.1 min, difficulty score was assessed as 3.7 ± 2 
(Fig. 2).

Discussion
The principal objective, NPV 96% [95% CI 89–99%], was 
achieved. However, this short training session was inad-
equate to allow ruling-out a DVT with sufficient secu-
rity. Actually, 3 DVT out of 18 were not identified by 
the residents. A recent guideline of the American Soci-
ety of Hematology recommends a NPV rate of 2% [9]. 
Our study was thus not powerful enough. Furthermore, 
there were also 10 false-positive exams that would have 
possibly led to an unwarranted anticoagulant treatment. 
DVT prevalence, 17.6% [95% CI 11–26%], was not dif-
ferent when compared to other studies as reported in a 

Table 1 Main characteristics and  Wells score of  the  102 
included patients

Variable Value

Age 59 ± 20 years

Sex 47 women, 55 men

Wells score 0 18 (18%)

Wells score 1–2 46 (45%)

Wells score > 2 34 (33%)

Wells score not done 4 (4%)

Fig. 1 Flowchart of the 102 patients included in the study. VLCU 
venous limited compression ultrasonography, WLCU whole leg 
color-coded Doppler ultrasonography

Table 2 Contingency table of diagnostic performances of venous limited compression ultrasonography in 102 patients 
suspected to have a DVT

χ2 40.8, p = 10−9

VLCU venous limited compression ultrasonography, DVT deep venous thrombosis, PPV positive-predictive value, NPV negative-predictive value

DVT+ DVT− Total Predictive values

VCLU+ 15 10 25 PPV 60% [CI 95% 41–76%]

VCLU− 3 74 77 NPV 96%
[CI 95% 89–99%]

Total 18 84 102

Sensitivity
83%
[CI 95% 60–94%]

Specificity
88%
[CI 95% 79–93%]

Fig. 2 Self-assessed difficulty of venous limited compression 
ultrasonography performed by 46 residents on 102 patients
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meta-analysis including 2379 patients [10] (23%). Our 
results showed that performances tend to be less accu-
rate than in a majority of published studies. In the same 
meta-analysis [10], pooled sensitivity and specificity were 
94.8% and 96.2%, respectively, when compared to our 
results, 83% and 88%, respectively. Nevertheless, there 
was an overlap between the confidence interval for sen-
sitivity precluding definite answer. Comparison with the 
Jang [11] study exhibits similar results. However, the 
goal of this study was to evaluate a very short training 
session in residents without previous ultrasound skills. 
In the literature, training was either longer [6, 12, 13] 
or addressed physicians with previous POCUS experi-
ence [11, 14–17]. To the best of our knowledge, it is the 
first study which assesses performances of a very short 
training session in venous ultrasound for residents with-
out previous POCUS skills. It is likely that the absence 
of an experiential phase on real patients was crucial to 
explain these results. During the training session, resi-
dents had only performed normal VLCU on one or two 
other participants. Confronted with real patients, they 
assessed a difficulty score at 3.7 ± 2 which was relatively 
high and were unable to conclude in 7.5% of examined 
sites. Furthermore, the number of exams per resident was 
low, 2.3 ± 2.1 which prevented acquisition of diagnostic 
capacities. This fact could be partially explained by the 
residents’ duration of stay in the ED.

Our intention is thus to modify our training pathway by 
including an experiential phase of 15 monitored VLCU 
by resident. Actually, in an article on learning curves in 
POCUS, conversely to other sites such as soft tissues or 
Focused Assessment in Trauma, the authors were unable 
to determine a required number of exams to reach a good 
accuracy [18].

The principal limitations of this study were first, the 
recruitment of a convenience sample since this could 
not reflect the actual patients admitted to the ED for a 
suspicion of DVT. However, recruitment could only be 
performed during duty hours because of the local vascu-
lar laboratory availability and, when the ED were over-
crowded, residents did not have time to recruit patients. 
Second, the number of exams per resident was low.

Conclusion
In conclusion, despite reaching the main objective, this 
very short training session was inadequate to allow resi-
dents to exclude DVT with a sufficient security. A new 
training pathway with the addition of experiential phase 
will be deployed and evaluated.

Abbreviations
VLCU: Venous limited compression ultrasonography; DVT: Deep venous 
thrombosis; WLCU: Whole leg ultrasonography; NPV: Negative-predictive 

value; ED: Emergency Departments; EP: Emergency Physicians; POCUS: Point-
of-care ultrasound; PPV: Positive-predictive value.

Acknowledgements
We thank Emmanuel Montassier, MD, Ph.D. for his help.

This study was approved by the ethical committee (Groupe nantais 
d’éthique, id RC15_047), an oral consent to participate was reached for each 
patient and resident.

This work was presented in the annual congress of the European Society 
of Emergency Medicine (Glasgow, September 2018) and the annual congress 
of the French Society of Emergency Medicine (Paris, June 2018).

Authors’ contributions
FJ, PP, IA and PLC conceived the study. JS, QLB, AC and MA included the 
patients. FJ and PLC analyzed the data and were major contributors in writing 
the manuscript. All authors read and approved the final manuscript.

Funding
There was no funding.

Data availability
The raw data will be available upon reasonable request.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Emergency Department, University Hospital, Nantes, France. 2 Emergency 
Department, Departmental Hospital, La Roche Sur Yon, 44035 Nantes Cedex 
01, France. 

Received: 12 September 2019   Accepted: 24 January 2020

References
 1. ACEP (2016) Ultrasound Guidelines: Emergency, Point-of-Care, and Clini-

cal Ultrasound Guidelines in Medicine
 2. Duchenne J, Martinez M, Rothmann C et al (2016) First level of clinical 

ultrasound in emergency medicine. French Society of Emergency 
Medicine (SFMU) guidelines by formal consensus, Annales françaises de 
médecine d’urgence. https ://doi.org/10.1007/s1334 1-016-0649-5

 3. Bernardi E, Camporese G, Büller HR et al (2008) Serial 2-point ultrasonog-
raphy plus d-dimer vs whole-leg color-coded Doppler ultrasonography 
for diagnosing suspected symptomatic deep vein thrombosis: a rand-
omized controlled trial. JAMA 300:1653–1659. https ://doi.org/10.1001/
jama.300.14.1653

 4. Righini M, Galanaud J-P, Guenneguez H et al (2016) Anticoagulant ther-
apy for symptomatic calf deep vein thrombosis (CACTUS): a randomised, 
double-blind, placebo-controlled trial. Lancet Haematol 3:e556–e562. 
https ://doi.org/10.1016/S2352 -3026(16)30131 -4

 5. Ultrasound training. http://www.rcem.ac.uk/RCEM/Exams _Train ing/
UK_Train ees/Ultra sound _Train ing/RCEM/Exams _Train ing/UK_Train ees/
Ultra sound _Train ing.aspx?hkey=b0565 712-6409-49b9-96c3-eafbd a02a4 
04. Accessed 5 Aug 2019

 6. Torres-Macho J, Antón-Santos JM, García-Gutierrez I et al (2012) Initial 
accuracy of bedside ultrasound performed by emergency physicians 
for multiple indications after a short training period. Am J Emerg Med 
30:1943–1949. https ://doi.org/10.1016/j.ajem.2012.04.015

 7. Wells PS, Anderson DR, Bormanis J et al (1997) Value of assessment of 
pretest probability of deep-vein thrombosis in clinical management. 
Lancet 350:1795–1798. https ://doi.org/10.1016/S0140 -6736(97)08140 -3

 8. Lee J, Lee S, Yun S (2019) Comparison of 2-point and 3-point point-of-
care ultrasound techniques for deep vein thrombosis at the emergency 
department: a meta-analysis. Medicine. https ://doi.org/10.1097/
MD.00000 00000 01579 1

https://doi.org/10.1007/s13341-016-0649-5
https://doi.org/10.1001/jama.300.14.1653
https://doi.org/10.1001/jama.300.14.1653
https://doi.org/10.1016/S2352-3026(16)30131-4
http://www.rcem.ac.uk/RCEM/Exams_Training/UK_Trainees/Ultrasound_Training/RCEM/Exams_Training/UK_Trainees/Ultrasound_Training.aspx%3fhkey%3db0565712-6409-49b9-96c3-eafbda02a404
http://www.rcem.ac.uk/RCEM/Exams_Training/UK_Trainees/Ultrasound_Training/RCEM/Exams_Training/UK_Trainees/Ultrasound_Training.aspx%3fhkey%3db0565712-6409-49b9-96c3-eafbda02a404
http://www.rcem.ac.uk/RCEM/Exams_Training/UK_Trainees/Ultrasound_Training/RCEM/Exams_Training/UK_Trainees/Ultrasound_Training.aspx%3fhkey%3db0565712-6409-49b9-96c3-eafbda02a404
http://www.rcem.ac.uk/RCEM/Exams_Training/UK_Trainees/Ultrasound_Training/RCEM/Exams_Training/UK_Trainees/Ultrasound_Training.aspx%3fhkey%3db0565712-6409-49b9-96c3-eafbda02a404
https://doi.org/10.1016/j.ajem.2012.04.015
https://doi.org/10.1016/S0140-6736(97)08140-3
https://doi.org/10.1097/MD.0000000000015791
https://doi.org/10.1097/MD.0000000000015791


Page 5 of 5Javaudin et al. Ultrasound J            (2020) 12:5  

 9. Lim W, Gal GL, Bates SM et al (2018) American Society of Hematology 
2018 guidelines for management of venous thromboembolism: diag-
nosis of venous thromboembolism. Blood Adv 2:3226–3256. https ://doi.
org/10.1182/blood advan ces.20180 24828 

 10. Pomero F, Dentali F, Borretta V et al (2013) Accuracy of emergency 
physician-performed ultrasonography in the diagnosis of deep-vein 
thrombosis: a systematic review and meta-analysis. Thromb Haemost 
109:137–145. https ://doi.org/10.1160/TH12-07-0473

 11. Jang T, Docherty M, Aubin C, Polites G (2004) Resident-performed 
compression ultrasonography for the detection of proximal deep vein 
thrombosis: fast and accurate. Acad Emerg Med 11:319–322. https ://doi.
org/10.1111/j.1553-2712.2004.tb022 20.x

 12. Blaivas M, Lambert MJ, Harwood RA et al (2000) Lower-extremity 
doppler for deep venous thrombosis—can emergency physi-
cians be accurate and fast? Acad Emerg Med 7:120–126. https ://doi.
org/10.1111/j.1553-2712.2000.tb005 12.x

 13. Magazzini S, Vanni S, Toccafondi S et al (2007) Duplex ultrasound in the 
emergency department for the diagnostic management of clinically 
suspected deep vein thrombosis. Acad Emerg Med 14:216–220. https ://
doi.org/10.1197/j.aem.2006.08.023

 14. Jacoby J, Cesta M, Axelband J et al (2007) Can emergency medicine 
residents detect acute deep venous thrombosis with a limited, two-site 

ultrasound examination? J Emerg Med 32:197–200. https ://doi.
org/10.1016/j.jemer med.2006.06.008

 15. Crisp JG, Lovato LM, Jang TB (2010) Compression ultrasonography of the 
lower extremity with portable vascular ultrasonography can accu-
rately detect deep venous thrombosis in the emergency department. 
Ann Emerg Med 56:601–610. https ://doi.org/10.1016/j.annem ergme 
d.2010.07.010

 16. Jang TB, Jack Casey R, Dyne P, Kaji A (2010) The learning curve of 
resident physicians using emergency ultrasonography for obstruc-
tive uropathy. Acad Emerg Med 17:1024–1027. https ://doi.org/10.111
1/j.1553-2712.2010.00850 .x

 17. Kline JA, O’Malley PM, Tayal VS et al (2008) Emergency clinician-per-
formed compression ultrasonography for deep venous thrombosis of the 
lower extremity. Ann Emerg Med 52:437–445. https ://doi.org/10.1016/j.
annem ergme d.2008.05.023

 18. Blehar DJ, Barton B, Gaspari RJ (2015) Learning curves in emergency ultra-
sound education. Acad Emerg Med 22:574–582. https ://doi.org/10.1111/
acem.12653 

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1182/bloodadvances.2018024828
https://doi.org/10.1182/bloodadvances.2018024828
https://doi.org/10.1160/TH12-07-0473
https://doi.org/10.1111/j.1553-2712.2004.tb02220.x
https://doi.org/10.1111/j.1553-2712.2004.tb02220.x
https://doi.org/10.1111/j.1553-2712.2000.tb00512.x
https://doi.org/10.1111/j.1553-2712.2000.tb00512.x
https://doi.org/10.1197/j.aem.2006.08.023
https://doi.org/10.1197/j.aem.2006.08.023
https://doi.org/10.1016/j.jemermed.2006.06.008
https://doi.org/10.1016/j.jemermed.2006.06.008
https://doi.org/10.1016/j.annemergmed.2010.07.010
https://doi.org/10.1016/j.annemergmed.2010.07.010
https://doi.org/10.1111/j.1553-2712.2010.00850.x
https://doi.org/10.1111/j.1553-2712.2010.00850.x
https://doi.org/10.1016/j.annemergmed.2008.05.023
https://doi.org/10.1016/j.annemergmed.2008.05.023
https://doi.org/10.1111/acem.12653
https://doi.org/10.1111/acem.12653

	Evaluation of short training session for venous limited compression ultrasonography: prospective multicenter study
	Abstract 
	Background: 
	Results: 
	Conclusion: 

	Background
	Patients and methods
	Overall
	Patients
	Methods
	Participating physicians and training session
	Study flow
	Objectives and criteria
	Statistics


	Results
	Discussion
	Conclusion
	Acknowledgements
	References




