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General Practitioner–Performed Compression Ultraso-
nography for Diagnosis of Deep Vein Thrombosis of the 
Leg: A Multicenter, Prospective Cohort Study

ABSTRACT
BACKGROUND Patients with suspected deep vein thrombosis (DVT) of the lower 
limb represent a diagnostic dilemma for general practitioners. Compression ultra-
sonography (US) is universally recognized as the best test of choice. We assessed 
the diagnostic accuracy of compression US performed by general practitioners 
given short training in the management of symptomatic proximal DVT.

METHODS From May 2014 to May 2016, we evaluated in a multicenter, pro-
spective cohort study all consecutive outpatients with suspected DVT; bilateral 
proximal lower limb compression US was performed by general practitioners and 
by physicians expert in vascular US, each group blinded to the other’s findings. 
In all examinations with a negative or nondiagnostic result, compression US was 
repeated by the same operator after 5 to 7 days. Inter-observer agreement and 
accuracy were calculated.

RESULTS We enrolled a total of 1,107 patients. The expert physicians diagnosed 
DVT in 200 patients, corresponding to an overall prevalence of 18.1% (95% CI, 
15.8%-20.3%). The agreement between the trained general practitioners and 
the experts was excellent (Cohen κ = 0.86; 95% CI, 0.84-0.88). Compression US 
performed by general practitioners had a sensitivity of 90.0% (95% CI, 88.2%-
91.8%) and a specificity of 97.1% (95% CI, 96.2%-98.1%) with a diagnostic accu-
racy for DVT of 95.8% (95% CI, 94.7%-97.0%).

CONCLUSIONS Our results suggest that, even in hands of physicians not expert in 
vascular US, compression US can be a reliable tool in the diagnosis of DVT. We 
found that the sensitivity achieved by general practitioners appeared suboptimal, 
however, so future studies should evaluate the implementation of proper training 
strategies to maximize skill.

Ann Fam Med 2017;15:535-539. https://doi.org/10.1370/afm.2109.

INTRODUCTION

Patients with clinical signs and symptoms of deep vein thrombosis 
(DVT) of the lower limbs represent a diagnostic dilemma for gen-
eral practitioners.1 Reliance on clinical findings alone can lead to 

misdiagnosis, unnecessary exposure to anticoagulant therapy, and high 
associated costs. Rapid and accurate diagnosis of DVT is therefore needed 
to start prompt anticoagulation therapy and reduce the risk of potentially 
fatal pulmonary embolism.2,3 For these reasons, in general practice, the 
optimal diagnostic strategy for DVT has long been debated: the Wells 
score is not accurate enough for use in primary care,4 but strategies that 
require d-dimer testing5 are not always accessible. Compression ultra-
sonography (US) is considered the more widespread method of choice 
for confirming or ruling out the diagnosis of DVT, and its use has been 
validated in several prospective studies3,6-8; the potential advantage of 
this technique is its universal availability in different settings, by different 
operators, and with almost all types of US scanners. Some recent stud-
ies have demonstrated a similar accuracy of compression US performed 
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by hospitalists, radiologists, emergency physicians, 
or trained nurses.9-11 A more rapid diagnosis, directly 
obtained by general practitioners in primary care, 
could likely improve appropriate management of DVT, 
avoiding in-hospital evaluations and any pretest scores 
or laboratory evaluations. We undertook a prospective, 
multicenter cohort study to assess the diagnostic accu-
racy of compression US performed by general practi-
tioners given a short course of training in the diagnosis 
of suspected DVT of the lower limbs.

METHODS
Our study, PRACTICUS (general PRACTItioner-
performed Compression UltraSonography in the diag-
nosis of proximal symptomatic deep vein thrombosis 
of the lower limbs), was conducted in 18 primary care 
ambulatory clinics and 5 vascular reference clinics in 
Italy. We report its findings according to the Stan-
dards for Reporting of Diagnostic Accuracy Stud-
ies (STARD) initiative, which established reporting 
guidelines for diagnostic accuracy studies12 (for details, 
see Supplemental Appendix, available at http://www.
AnnFamMed.org/content/15/6/535/suppl/DC1/).

The study protocol was approved by the local insti-
tutional review board and registered at ClinicalTrials.
gov as NCT02114983.

Study Eligibility
Between May 2014 and May 2016, general practitio-
ners, in their own primary care offices, prospectively 
evaluated all consecutive ambulatory patients who 
sought care with a clinically suspected DVT of the 
lower limbs. The probability of DVT was not calcu-
lated with the Wells score, but was assessed by each 
physician, according to his or her discretion, on the 
basis of the patient’s medical history and clinical pic-
ture. When the differential diagnosis determined that 
DVT was one of the most probable diagnoses, the 
patient became eligible for the study. Written informed 
consent was obtained from all study participants.

Exclusion criteria were a previous objectively docu-
mented episode of venous thromboembolism, predomi-
nant symptoms of pulmonary embolism, age younger 
than 18 years, pregnancy, life expectancy of less than 
3 months, ongoing mandatory anticoagulant therapy, 
symptoms lasting for more than 2 weeks, geographic 
inaccessibility for follow-up, anticipated poor compli-
ance, and declining to provide written informed consent.

Study Design
All eligible patients underwent 2 compression US exam-
inations: the first performed in general ambulatory care 
by a trained general practitioner and the other, within 

2 hours, performed in a local vascular center clinic by 
a physician expert in vascular US. The 2 examinations 
were performed separately and in a blinded manner with 
respect to each other. US examinations with negative or 
unclear results were repeated by the same operator after 
5 to 7 days independently of the other group. 

At the second examination, physician experts made 
a definitive diagnosis regarding DVT: present or absent. 
Patients were instructed not to communicate results of 
their compression US or initiation of anticoagulant ther-
apy to the other investigators to maintain blinding. All 
US examination findings were maintained by individual 
physicians in their own databases and transmitted to an 
external researcher (J.V.) at the end of recruitment.

Study Physicians
A complete list of the investigators participating in the 
PRACTICUS study is provided in the Supplemental 
Appendix (available at http://www.AnnFamMed.org/
content/15/6/535/suppl/DC1/).

Before the study began, all general practitioners 
received 2 months of formal training in compression 
US by local senior physicians expert in vascular US. 
This course consisted of 12 hours (6 hours per month) 
of didactic lecture followed by 30 hours (15 hours per 
month) of practice on patients in vascular center clinics 
and 8 hours (4 hours per month) of vascular US image 
review (Supplemental Appendix, available at http://
www.AnnFamMed.org/content/15/6/535/suppl/DC1/).

All participating physician experts in vascular US 
were board certified and had at least 10 years of expe-
rience in vascular US, performing a minimum of 500 
examinations per year (Supplemental Appendix, available 
at http://www.AnnFamMed.org/content/15/6/535/suppl/
DC1/). Their final interpretation of compression US 
results was considered the reference test for our study.

Compression US Procedure
Enrolled patients were examined with the US machine 
routinely used by the operator (Supplemental Appendix, 
http://www.AnnFamMed.org/content/15/6/535/suppl/
DC1/) with a 5- to 7.5-MHz linear probe. The examina-
tion was performed with 2-point compression and inter-
preted according to described methods.13,14 The proximal 
venous system of the common and superficial femoral 
vein was examined first, with the patient lying supine. 
The popliteal vein to its trifurcation was evaluated with 
the patient in the prone position or in a (left or right) 
lateral decubitus position, eventually using augmentation 
maneuvers to enhance vessel visualization.

The protocol for the compression US consisted of 
bilateral sequential compressions along the femoral veins 
and along the popliteal veins. All compressions were 
performed using B-mode imaging with transverse scans.
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The compression US technique was performed 
from the groin area to the popliteal fossa by moving 
the transducer distally and applying gentle compression 
along the deep venous system. A copy of the compres-
sion US imaging was recorded for all vascular sites. The 
diagnostic criterion for DVT was inability to fully com-
press the lumen of the vein in the transverse plane.13,14

Sample Size Calculation and Statistical Analysis
On the basis of evidence in the literature3 showing a 
prevalence of proximal DVT in outpatients of about 
17% to 19%, we calculated a sample size of at least 1,000 
patients to obtain reliable results with a low margin of 
uncertainty. Continuous variables were summarized as 
means and SDs, and noncontinuous variables as frequen-
cies and percentages. The Student t test and χ2 test were 
used for comparisons. A 2-tailed P value less than .05 
indicated statistical significance. Inter-observer agree-
ment was analyzed using the weighted Cohen κ coef-
ficient and reported as a point estimate with a 95% CI.15 
The κ coefficient values were interpreted as follows: <.20 
indicates poor agreement; .21 to .40 fair agreement; .41 
to .60 moderate agreement; .61 to .80 good agreement; 
and 0.81 to 1 excellent agreement.15 We calculated diag-
nostic accuracy, sensitivity, specificity, positive and nega-
tive predictive values, and likelihood ratios of general 
practitioner–performed compression US with their 95% 
CIs, using the expert vascular physician diagnosis as the 
reference test. Finally, the posttest probability of having 
or not having DVT was calculated. Statistical analyses 
were performed using SPSS 15.0 software (SPSS Inc).

RESULTS
Patient and DVT Characteristics
From May 2014 to May 2016, a total of 1,247 consecu-
tive outpatients with clinically suspected DVT were 
referred, of whom 109 (9%) were excluded because 
they met 1 or more predefined exclusion criteria (Fig-
ure 1). Another 31 (3%) of the patients were excluded 
from the analysis for violation of the blinding protocol, 
having communicated the outcome of their compres-
sion US or their initiation of anticoagulant therapy.

The characteristics of the remaining 1,107 patients, 
who were evaluated by 18 general practitioners and 
8 expert vascular US physicians, are summarized in 
Table 1. Comparing the patients with and without 
DVT, there was no significant difference in mean age 
or sex (P = .45 and .57, respectively). 

Physician experts diagnosed DVT in 200 patients, 
for an overall prevalence of 18.1% (95% CI, 15.8%-
20.3%). Femoral veins were occluded in 104 patients, 
while popliteal veins were occluded in 152 patients; in 
56 patients (28%), both were occluded.

Outcomes 
Results of compression US performed by general prac-
titioners are summarized in Table 2. Overall, agree-
ment between the 2 groups of physicians was excellent, 
with a weighted Cohen κ statistic of 0.86 (95% CI, 
0.84-0.88). Of note, agreement on the diagnosis of 
DVT was almost perfect when both femoral and pop-
liteal veins were affected (κ = 0.99; 95% CI, 0.98-0.99), 
whereas it was lower when only the popliteal vein was 
involved (κ = 0.88; 95% CI, 0.86-0.90).

Using the final diagnosis recorded by the physi-
cians expert in vascular US as the reference test, the 
diagnostic accuracy of general practitioners was 95.8% 
(95% CI, 94.7%-97.0%), with a sensitivity of 90.0% 
(95% CI, 88.2%-91.8%), a specificity of 97.1% (95% 
CI, 96.2%-98.1%), a positive predictive value of 87.4% 

Table 1. Patient Demographic and Clinical 
Characteristics (N = 1,107)

Characteristics
DVT 

(n = 200)
No DVT 
(n = 907)

Age, mean (SD), [range], y 63.6 (±15.2) 
[20-101]

63.8 (±14.9) 
[19-98]

Men, No. (%) 104 (52) 587 (53)

Site of DVT

Femoral vein, No. (%) 104 (52) n/a

Popliteal vein, No. (%) 152 (76) n/a

Both, No. (%) 56 (28) n/a

DVT = deep vein thrombosis; n/a = not applicable.

Figure 1. Patient screening and study inclusion.

1,247 Consecutive patients 
screened, 2014-2016

1,107 Included in the study

31  Excluded for having broken 
blinding protocol

 55  Excluded for previous episode of VTE

 2  Excluded for age younger than 18 y

 4  Excluded for pregnancy

 18  Excluded for life expectancy less than 
3 months

 27  Excluded for ongoing mandatory anti-
coagulant treatment

 3  Excluded for lack of informed consent

1,138  Gave informed consent

VTE = venous thromboembolism

WWW.ANNFAMMED.ORG
WWW.ANNFAMMED.ORG


COMPRESSION ULTR ASONOGR APHY

ANNALS OF FAMILY MEDICINE ✦ WWW.ANNFAMMED.ORG ✦ VOL. 15, NO. 6 ✦ NOVEMBER/DECEMBER 2017

538

(95% CI, 85.4%-89.3%), and a negative predictive 
value of 97.8% (95% CI, 96.9%-98.6%) (Table 2).

Positive and a negative likelihood ratios indicated 
that with a prevalence of DVT in our study of 18.1%, 
the posttest probability of having this disorder when 
general practitioner–performed compression US was 
positive was 87%, and the posttest probability of not 
having the disorder when general practitioner–per-
formed compression US was negative was about 2%.

DISCUSSION
Every year, about 2 million patients in the United States 
undergo US examination in the hospital for suspected 
DVT.16,17 This estimate is likely to increase because of 
aging of the population and more widespread awareness 
of the health risks of venous thromboembolism.17 Data 
from emergency departments in the United States 
show that the number of investigations appears to be 
growing much more than the number of operators 
dedicated to performing them.16,17 Although US evalu-
ation for DVT can be successfully performed in just a 
few minutes, at the patient’s bedside, and by nonvascu-
lar specialists,11 the availability of physicians trained in 
compression US is still inadequate. In the future, with 
the diffusion of point-of-care US, an increasing num-
ber of physicians will have the technology available to 
perform clinical ultrasonography.18

Our findings suggests that in the diagnosis of DVT, 
general practitioners might be a potential alternative to 
vascular experts because they achieve an excellent agree-
ment and an overall high accuracy of 95.8%. Unfor-
tunately, their sensitivity still appears suboptimal, but 
it may improve with practice and experience. In other 
fields of diagnostic US, this expertise has already proven 
to be successful.19-21 The general practitioners in our 
study had minimal training, which probably influenced 
their performance, at least in the initial period. Future 
studies should therefore focus not on the type of opera-
tor (ie, physician, nurse, technician), but on the training 
and technical expertise, evaluating the change in accu-
racy over time and with increasing number of examina-

tions. If these studies confirm our preliminary results, a 
training program in compression US should be offered 
to general practitioners, because it could improve the 
quality of health services and promote more rapid and 
appropriate management in patients with suspected 
DVT. We speculate that such training would also reduce 
waiting lists in hospitals and probably costs as well.

On a more general note, our study corroborates 
the universal utility of compression US performed by 
any operator without in-hospital evaluation, d-dimer 
testing, and use of any pretest scores. We imagine the 
utility could extend to varied scenarios where there are 
no expert physicians specialized in US or radiology; to 
geographic areas where resources are limited, where 
vascular laboratories are not available on a 24-hour 
basis, and where patients can be lost to follow-up; or to 
overcrowded emergency and medicine departments.

Our study has both strengths and limitations. We 
limited the examination to proximal veins and did not 
perform the whole-leg compression US. Although prox-
imal lower limb compression US has to be repeated in 
cases of negative results in patients at high risk for DVT, 
whole-leg compression US is more time consuming and 
more difficult to learn, and these 2 procedures appear to 
be equally effective.2,4,5 In addition, we did not compare 
general practitioner–performed compression US with 
venography because the latter is unsuitable for routine 
use in patients with suspected DVT2 and has been pro-
gressively abandoned. Indeed, in the last decade, US 
has largely replaced contrast phlebography as the defini-
tive diagnostic test for DVT,2-6 and many studies have 
demonstrated that duplex ultrasonography, with the 
criterion of vein compressibility and with spectral/color 
Doppler support, is a highly accurate, simple, objective, 
and reproducible noninvasive diagnostic method in out-
patients with clinically suspected DVT.2-6

We used several strategies to minimize the risk of 
bias: patients were enrolled consecutively and prospec-
tively; the protocol for blinding was rigidly respected; 
the expert physicians were highly experienced in vascu-
lar US; and we used a multicenter design, obtaining an 
adequate sample size and involving a substantial number 

Table 2. Diagnostic Performance of General Practitioner–Performed Compression US for Proximal DVT

DVT Site
Sensitivity, % 

(95% CI)
Specificity, % 

(95% CI)
PPV, %  
(95% CI)

NPV, % 
(95% CI)

Accuracy, % 
(95% CI)

Cohen κ, % 
(95% CI)

Overall 90.0 (88.2-91.8) 97.1 (96.2-98.1) 87.4 (85.4-89.3) 97.8 (96.9-98.6) 95.8 (94.7-97.0) 0.86 (0.84-0.88)

Femoral 95.2 (93.9-96.5) 98.8 (98.2-99.4) 89.2 (87.4-91.0) 99.5 (99.1-99.9) 98.5 (97.7-99.2) 0.91 (0.89-0.93)

Popliteal 89.5 (87.7-91-3) 98.4 (97.7-99.2) 90.1 (88.3-91.8) 98.3 (97.6-99.1) 97.2 (96.2-98.2) 0.88 (0.86-0.90)

Both 98.7 (98.0-99.3) 100 (99.9-100) 100 (99.9-100) 99.9 (99.7-100) 99.9 (99.7-100) 0.99 (0.98-0.99)

DVT = deep vein thrombosis; NPV = negative predictive value; PPV = positive predictive value; US = ultrasound.

Note: Diagnosis of physician expert in vascular US was the reference test.
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of general practitioners. Furthermore, to increase the 
external validity of our findings and to better reflect the 
real-world management of these patients, we included 
only individuals with a suspected first episode of DVT, 
assessed simply with a clinical judgment and without the 
aid of scores or laboratory tests. On the other hand, we 
are aware that observational studies have a high risk of 
bias that may affect the internal validity of their results. 
Furthermore, although all the general practitioners 
were trained, they performed their examination mostly 
outside of the hospital using different US machines, and 
their practice was limited to the study protocol.

In conclusion, our results suggest for the first time 
that compression US performed by trained general 
practitioners may be an accurate alternative for diagno-
sis of suspected proximal DVT. Although this approach 
may help reduce the time to diagnosis and then opti-
mize proper management, future studies should include 
more rigorous assessment to maximize its accuracy.

To read or post commentaries in response to this article, see it 
online at http://www.AnnFamMed.org/content/15/6/535.
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