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 CLINICAL: CASE REPORT

ABSTRACT: Deep vein thrombosis and pulmo-

nary embolism can result in serious complica-

tions when diagnosis is delayed or missed. 

Definitive diagnosis often relies on consultative 

imaging, which may not be readily accessible 

in rural settings. Point-of-care ultrasound has 

been emerging as an accurate and reliable 

method of rapidly diagnosing deep vein throm-

bosis. We present a case report in which a 

patient presented to a rural emergency depart-

ment with a chief complaint of dyspnea and 

was found on point-of-care ultrasound to have 

a right deep vein thrombosis, which resulted in 

the prompt recognition of a possible diagnosis 
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Point-of-care ultrasound 
in the diagnosis of venous 
thromboembolism in a  
rural setting
Point-of-care ultrasound can be used where consultative diagnostic 
imaging is not readily available. When performed by trained 
personnel, it has high sensitivity and specificity comparable to that of 
duplex ultrasonography.
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of pulmonary embolism versus an asthma 

exacerbation. Anticoagulation was appropri-

ately initiated prior to obtaining consultative 

imaging, which confirmed a right deep vein 

thrombosis and bilateral pulmonary emboli. 

This case report highlights the utility and reli-

ability of using point-of-care ultrasound for 

diagnosing deep vein thrombosis in settings 

with limited access to immediate consultative 

imaging. The major barriers in improving the 

use of point-of-care ultrasound in rural Brit-

ish Columbia are a lack of integrated training 

and concerns about funding and availability of 

training courses, which highlights the need to 

implement formal training in medical school 

and family medicine residency.

V enous thromboembolism encom
passes both deep vein thrombosis 
and pulmonary embolism. The 

development of a deep vein thrombosis is 
a significant health condition that affects 
an estimated 49 000 Canadians annually,1 
and it can be associated with significant 
morbidity as well as potentially fatal com
plications if the diagnosis is delayed or 
missed. Deep vein thrombosis is charac
terized by the formation of thrombi in the 
deep venous systems, most commonly in the 
lower extremities. If not promptly treated, 
there is a 50% risk for patients with deep 

vein thrombosis to develop a pulmonary 
embolism within 3 months2 as a conse
quence of dislodged thrombi that travel to 
the pulmonary arteries. Most pulmonary 
embolisms originate from a thrombus in 
the venous system of the lower extremities; 
approximately 70% of patients with symp
tomatic pulmonary embolism also have 
deep vein thrombosis.2 Acute pulmonary 
embolism carries a high mortality rate of 
15%; the greatest risk occurs in cases of sub
massive or massive pulmonary embolism, 
which can result in obstructive shock.3,4 
Deep vein thrombosis is also associated 
with a high burden of morbidity: onethird 
of patients develop recurrent thrombosis 
within 10 years,5 and onethird develop 
postthrombotic syndrome, manifesting as 
chronic venous insufficiency with persistent 
extremity pain and swelling.6 

While the most commonly used test 
in diagnosing deep vein thrombosis is du
plex ultrasonography,7 pointofcare ultra
sound (POCUS) is emerging as a reliable 
technique for the rapid diagnosis of deep 
vein thrombosis, especially in communities 
where consultative imaging services are not 
readily available.813 

We present a case report in which the 
use of POCUS led to the prompt detec
tion of a deep vein thrombosis and aided 
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in the diagnosis of a pulmonary embolism 
in a rural setting. This case report illustrates 
the utility of using POCUS for diagno
sis of deep vein thrombosis to help make 
informed diagnostic and management 
decisions, and it highlights the reliability 
of POCUS findings when performed by 
trained providers, particularly in settings 
with limited access to immediate consulta
tive imaging.

Case data 
A 61yearold male tourist from British 
Columbia’s Interior region presented to 
the emergency department on Haida Gwaii 
with a 3day history of dry cough and dys
pnea on exertion. Haida Gwaii is a remote 
island archipelago 120 km off BC’s north 
coast and is accessed by a fullday ferry ride 
from Prince Rupert, the nearest referral 
hospital. Though no wheezing was present, 
he attributed his symptoms to an asthma 
exacerbation and requested a prescription 
for inhalers, because his travels to Haida 
Gwaii had taken him through heavy wild
fire smoke. His wife noted cyanotic lips at 
times. Besides asthma, he reported a his
tory of two rightleg deep vein thromboses 
following rightknee surgery in 2013 and 
prolonged travel in 2015, both of which 
were treated with appropriate anticoagula
tion without apparent sequelae. He had not 
received any hypercoagulability workup for 
his prior deep vein thromboses.

Examination showed a heart rate of 102 
beats/minute, blood pressure of 134/89, 
and oxygen saturation of 97%, with no dys
pnea at rest or increased work of breath
ing. Respiratory exam showed no wheeze. 
However, bedside spirometry demonstrated 
a reduced forced vital capacity, 3.32 L or 
69.9% predicted, a reduced forced expira
tory volume in 1 second, 2.36 L or 65.8% 
predicted. Postbronchodilator forced expi
ratory volume in 1 second improved mod
estly to 2.72 L or 15.0%. Examination of 
the lower extremities showed no swelling, 
edema, or tenderness to palpation in any 
location. 

Lab results demonstrated an elevat
ed Ddimer of 3.42 mcg/mL (normal 

< 0.31 mcg/mL) but no abnormalities in 
complete blood count, electrolytes, or cre
atinine/glomerular filtration rate. Troponin 
was negative; erythrocyte sedimentation 
rate was 10 mm/hour (normal is < 15 mm/
hour), which was not indicative of the pres
ence of inflammation; and venous blood 
gases showed pH 7.42, pCO2 45 mm Hg, 
and HCO3

− 29 mmol/L. Electrocardio
gram and chest Xray showed no abnor
malities. POCUS examination performed 

by the treating clinician revealed a right 
noncompressible common femoral vein 
with proximal extension from a partially 
occluding clot in the popliteal vein [Fig-
ure 1; Supplementary videos 1–4 (available 
at bcmj.org)]. The POCUS cardiac exam 
was unremarkable and showed no signs of 
right heart strain. 

The top differential diagnoses for this 
patient’s dyspnea based on their history and 
clinical findings included pulmonary embo
lism and asthma exacerbation; the findings 
of deep vein thrombosis on POCUS exami
nation further supported the likelihood of 
pulmonary embolism. CT and consulta
tive ultrasound are not accessible in Haida 
Gwaii. Patients are required to take a ferry 
to Prince Rupert, which can result in delays 
ranging from 24 to 96 hours. Therefore, the 
patient was started on therapeutic antico
agulation with rivaroxaban 15 mg twice 
daily for a likely deep vein thrombosis and 
pulmonary embolism, as well as treatment 
for possible asthma exacerbation, which 
included regular inhaled salbutamol, fluti
casone, and a 6day course of prednisone 

50 mg daily. He was referred for an ur
gent CT pulmonary angiogram and duplex 
lowerextremity ultrasonography, which 
was scheduled for approximately 1 week 
following his initial presentation.

The patient reported improvement in his 
symptoms within days following initiation 
of anticoagulation and asthma exacerbation 
treatment. He had bilateral pulmonary em
boli with proximal extension on CT pul
monary angiogram [Figure 2] and multiple 
thrombi in the right lower extremity on 
duplex ultrasonography, including from the 
popliteal vein to the common femoral vein, 
in the deep femoral vein, and in one branch 
of the duplicated superficial femoral vein. 
On followup 4 months after the initiation 
of treatment, the patient reported that all 
symptoms had resolved. He has continued 
anticoagulation following this initial en
counter without experiencing any adverse 
events and will remain anticoagulated in
definitely. The patient has since undergone a 
hypercoagulability workup with his primary 
care provider, the results of which were in
conclusive. Overall, the patient was satisfied 
with the diagnostic process and the prompt 
testing and management initiated.

Discussion
The accurate and rapid diagnosis of venous 
thromboembolism can be challenging in 
rural settings and smaller communities due 
to the limited accessibility of consultative 
diagnostic imaging. A prompt diagnosis is 
required to initiate treatment for patients 
with venous thromboembolism, but there 
are several diagnostic challenges that may 
make prompt and accurate diagnosis dif
ficult. Clinical findings alone have poor 
predictive accuracy because the develop
ment of symptoms of deep vein thrombo
sis depends on multiple factors, including 
the location of the thrombus, patency of 
collateral vessels, and degree of associ
ated vascular inflammation.2 The clinical 
presentation of pulmonary embolism also 
encompasses a wide spectrum, which can 
range from mildly symptomatic to sudden 
death.14 To aid in the diagnosis of venous 
thromboembolism, using a validated pretest 

A prompt diagnosis 
is required to initiate 

treatment for 
patients with venous 
thromboembolism, 

but there are several 
diagnostic challenges 

that may make 
this difficult.
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probability assessment model such as the 
Wells score may be helpful. The Wells score 
helps guide the decision about obtaining 

further investigations by estimating the 
likelihood of venous thromboembolism 
based on a set of defined criteria, which 

may reduce the burden of unnecessary in
vestigations in patients with a low pretest 
probability.15

This case report showcases the utility of 
POCUS for diagnosing venous thrombo
embolism in a rural setting when consul
tative imaging is not readily accessible. It 
should be noted that based on the patient’s 
clinical presentation alone, there was a rea
sonable suspicion of pulmonary embolism, 
and anticoagulation would likely have been 
initiated without the POCUS findings. The 
patient’s Wells score was 6.0, which placed 
him in the moderaterisk category [Table], 
with points for a heart rate higher than 100 
beats/minute, previously diagnosed deep 
vein thrombosis, and pulmonary embolism 
being as likely as the alternative diagnosis. 
However, the POCUS findings strongly 
improved the confidence of the diagnosis, 
which is crucial when deciding to initiate 
anticoagulation, given the potentially signif
icant bleeding risks. A considerable benefit 
in the integration of POCUS in the clinical 
diagnosis of deep vein thrombosis is that 
positive findings improve diagnostic accu
racy with a positive likelihood ratio of 30, 
making the diagnosis nearly certain.9 The 
likelihood ratio of an adequately performed 
POCUS scan with negative findings is 0.04, 

FIGURE 1. Point-of-care ultrasound images of right-leg deep veins and arteries viewed in transverse, 
without and with compression. Large yellow arrows denote possible thrombi that can be visualized. 
A, B: Proximal common femoral vein (CFV) and proximal common femoral artery (CFA). C, D: Distal 
CFV, and bifurcation of the CFA into superficial femoral artery (SFA) and deep femoral artery (DFA). 
E, F: Femoral vein (FV) and femoral artery (FA). G, H: Popliteal vein (PV) and popliteal artery (PA). Note 
the noncompressible distal CFV extending down to the PV, with the appearance of a possible thrombi 
in the PV.
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Criterion Points

Clinical signs and symptoms of 
deep vein thrombosis

3

Pulmonary embolism is the most 
likely diagnosis or is equally likely

3

Heart rate higher than 100 beats/
minute

1.5

Immobilization for 3 days or more 
or surgery in the previous 4 weeks

1.5

Previously diagnosed pulmonary 
embolism or deep vein thrombosis

1.5

Hemoptysis 1

Active malignancy with treatment 
within 6 months or palliative

1

TABLE. Wells criteria for pulmonary embolism.

Low risk: score < 2 (1.3% prevalence);  
moderate risk: score 2–6 (16.2%);  
high risk: score > 6 (37.5%).15
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which markedly lowers the probability of a 
deep vein thrombosis.9 This suggests that 
POCUS findings have the potential to sig
nificantly influence posttest probabilities, 
and they carry considerable weight when 
used in clinical assessment for establish
ing or excluding the diagnosis of deep vein 
thrombosis.

An additional benefit of POCUS high
lighted in this case is its reliability in de
tecting deep vein thrombosis, with the 
preliminary bedside findings subsequent
ly confirmed by duplex ultrasonography. 
POCUS has been used to diagnose deep 
vein thrombosis at the bedside with high 
sensitivity and specificity comparable to 
that of duplex ultrasonography, which has 
been demonstrated across various settings 

and disciplines. While duplex ultrasonog
raphy has sensitivity of 96% and specific
ity of 94% to 98% in diagnosing deep vein 
thrombosis,8 multiple studies have shown 
that POCUS has similar sensitivity of 86% 
to 96% and specificity of 90% to 97%.913 
Another advantage of POCUS is that it can 
be performed rapidly at the bedside using 
portable ultrasonography devices, which are 
more readily available in rural settings than 
other forms of diagnostic imaging. A recent 
survey of rural BC practitioners showed that 
POCUS devices are easily accessed locally, 
with most respondents (87.5%) having ac
cess to an ultrasonography device.16 

Common techniques for assessing 
deep vein thrombosis with POCUS are 
the tworegion and threeregion methods. 

The tworegion method assesses the com
mon femoral vein and popliteal vein; the 
threeregion method includes an additional 
assessment of the femoral vein.17,18 While 
the tworegion method can be performed 
more rapidly than the threeregion meth
od, there is a risk of missing isolated deep 
vein thromboses within the femoral vein, 
which comprise 4% to 6% of all deep vein 
thromboses.1921 Therefore, the current rec
ommendation is to use the threeregion 
method over the tworegion method to 
improve sensitivity when assessing deep 
vein thrombosis.

An important consideration in using 
POCUS is the potential for falsepositive 
and falsenegative results when assessing 
deep vein thrombosis. Falsepositive re
sults may arise from signs of chronic deep 
vein thrombosis, such as scarring and fi
brous tissue, which can be misinterpreted as 
acute deep vein thrombosis. False positives 
may also occur due to user error, including 
inadequate or offaxis compression.22 The 
consequences of falsepositive findings are 
substantial, because inappropriate antico
agulation can result in a burden of financial 
costs, inconvenience, medication interac
tions, and increased bleeding risk, including 
potentially lifethreatening major bleeding. 
Falsenegative results are also consequential 
and can result from excessive probe pressure 
or failure to adequately assess the extent of 
the deep venous system.22 A missed deep 
vein thrombosis increases the risk of devel
oping a pulmonary embolism, which could 
be fatal if left untreated. To mitigate these 
limitations, POCUS should always be used 
in conjunction with other pretest probability 
assessments, including the Wells score and 
Ddimer. Obtaining further investigations 
only in patients with a high Wells score and 
elevated Ddimer can help reduce the risk 
of falsepositive results. 

Other limitations of POCUS include its 
lower sensitivity in diagnosing pulmonary 
embolism. In this case report, there were no 
findings of pulmonary embolism on lung or 
cardiac POCUS examinations; the diagno
sis was suspected based on patient history, 
presenting symptoms, and venous imaging. 
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FIGURE 2. Computed tomography pulmonary angiogram images of bilateral pulmonary emboli, 
with areas of thrombi indicated by red arrows. A: Pulmonary artery (PA) thrombi in the left lung, seen 
in sagittal plane. B: PA thrombi in the right lung, seen in sagittal plane. C: PA thrombi in the left lung, 
seen in coronal plane. D: PA thrombi in the right lung, seen in coronal plane.
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The sensitivities of different ultrasounds in 
detecting deep vein thrombosis are 44% for 
venous ultrasound using the tworegion 
compression method, 63% for cardiac ul
trasound, and 81% for lung ultrasound.23 
Multiorgan POCUS, which combines ve
nous, cardiac, and lung ultrasounds, yields 
a higher sensitivity of 92% in diagnosing 
pulmonary embolism;23,24 therefore, it can 
be used in rural settings with other pretest 
probability assessments to more accurately 
diagnose pulmonary embolism.

The main challenge with implementing 
the use of POCUS is that it requires dedi
cated training as well as regular use and ex
posure for providers to maintain their skills. 
This is a relevant issue among rural practi
tioners in BC, who report that the most sig
nificant barriers to using POCUS include 
a lack of training and concerns about both 
funding and availability of training courses. 
In a recent survey, more than 40% of rural 
practitioners in BC reported receiving no 
diagnostic POCUS training in either un
dergraduate medical education or residency. 
There is a strong consensus among rural 
practitioners that increased funding and 
integration of formal training for medi
cal students and residents would support 
POCUS use in rural settings.16 In recent 
years, POCUS training has been slowly 
implemented in BC undergraduate medical 
and residency curricula, with the most ap
parent developments evident in emergency 
medicine training. We advocate that formal 
POCUS training be integrated into family 
medicine training as well, to support the 
diagnostic capabilities of future physicians 
working in rural communities and prevent 
misdiagnosis of venous thromboembolism. 

Summary 
POCUS is a practical and reliable method 
for diagnosing venous thromboembolism, 
particularly deep vein thrombosis. It can 
be used in settings where consultative di
agnostic imaging is not readily available; 
when performed by trained personnel, it 
has high sensitivity and specificity compa
rable to that of duplex ultrasonography. In 
the rural setting in this case report, the use 

of POCUS aided in the diagnosis of deep 
vein thrombosis and pulmonary embolism, 
which resulted in the prompt and appropri
ate initiation of anticoagulation. However, 
there are notable funding and educational 
barriers to improving the use of POCUS 
in rural BC, which highlights the need for 
an integrated POCUS curriculum within 
medical undergraduate and residency train
ing for family physicians. n 
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