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Abstract

The quick evaluation of venous thromboembolism is a key point of modern
medicine since the delayed diagnosis is associated with a worse prognosis.
Venous ultrasound (VU) is a sensitive and rapidly performed test in cases of
suspected deep venous thrombosis. Various protocols have been proposed for its
execution, such as the study of the whole deep venous circulation of the lower
limb or the analysis of the femoral-popliteal area. The aim is to detect a vessel
thrombus and the most sensitive element is the non-compressibility with the
probe. Initially, the thrombus is hypoechogenic and adherent to the vessel; later, it
tends to organize and recanalize. Usually, in the early stages, the risk of embolism
is higher. The role of studying the iliac axis and calf veins is still uncertain. VU is
not useful for assessing response to anticoagulation therapy and it is unclear
whether the persistence of thrombotic abnormalities can guide on a possible
prolongation of therapy.

Key Words: Compression ultrasound; Deep venous thrombosis; Venous ultrasound;
Venous thromboembolism; Critical care ultrasonography
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Core Tip: Venous ultrasound represents an important weapon for emergency setting
care. Nevertheless, several different protocols present in the literature could create
confusion. In this review our goal is to define a practical and clear guide to support the
physician in rapid deep venous thrombosis diagnosis and correct management.

Citation: Di Vilio A, Vergara A, Desiderio A, lodice F, Serio A, Palermi S, Gambardella F,
Sperlongano S, Gioia R, Acitorio M, D'Andrea A. Incremental value of compression ultrasound
sonography in the emergency department. World J Crit Care Med 2021; 10(5): 194-203

URL: https://www.wjgnet.com/2220-3141/full/v10/i5/194.htm

DOI: https://dx.doi.org/10.5492/wjccm.v10.i5.194

INTRODUCTION

Thrombus formation is a pathological phenomenon caused by an inappropriate
hemostatic response; many different factors are involved, often favored in blood stasis
points such as venous valves. A major theory delineating the pathogenesis of venous
thromboembolism (VTE), often called Virchow's triad, states that VTE occurs as a
result of alterations in blood flow, in vascular endothelial injury and in blood
constituents. Blood clots could leave these sides to enter the bloodstream, reaching
right heart chambers and pulmonary circulation. Rarely, in the presence of patent
foramen ovale with right-to-left shunt, there may be systemic embolism. Hence, deep
venous thrombosis (DVT) and pulmonary embolism (PE) are two sides of the same
coin; about 50% of patients with proximal DVT is affected by an asymptomatic PE, as
well as 80% of PEs suffers DVT (often asymptomatic)[1]. DVT may be distal,
interesting tibial-peroneal district, or proximal, that affects femoral-popliteal veins;
proximal DVT is more frequently related to PE.

DVT is the third most common cardiovascular disease, following heart attack and
ischemic stroke[2] (DVT incidence: 150/100000/year, PE incidence: 60-70/
100000/ year). According to Cohen et al[3], based on 6 EU countries data (Italy, Spain,
France, Germany, United Kingdom and Sweden), EP-related death rate was 12%[3].

DVT should be suspected in patients presenting with leg swelling, pain or
erythema; usually symptoms are unilateral calf-related if isolated distal DVT, whole-
leg related if proximal DVT[4]. Many patients are asymptomatic. Although
uncommon, it is important to identify patients with phlegmasia cerulea dolens, that
ranges from phlegmasia alba dolens to venous gangrene, because it should be
considered for more aggressive management[5]. PE has a wide variety of presenting
features, ranging from no symptoms to shock or sudden death. The most common
presenting symptom is dyspnea, followed by chest pain (classically pleuritic) and
cough. Chronic thromboembolic pulmonary hypertension has been estimated to occur
in 4.8% (95%CI: 2.3-9.6) of patients who survive a PE[0].

The most used predictive score of DVT is Wells Score[7] (Table 1), more accurate
than revised Geneva score in PE suspected patients[8-10]. It predicts an increasing
incidence of PE with major probability classes (“low” if < 0 points to “high” > 3 points)
[11]. PE incidence ranged from 1%-13% in low probability level (Wells score < 2), 28 %-
58.3% in medium probability level (Wells score 2-6), and 58.1%-93% in high
probability level (Wells score > 6). The sensitivity ranged from 63.8%-79.3%, and the
specificity ranged from 48.8%-90.0%.

Quick diagnosis of DVT/PE represents a fundamental weapon for modern
medicine. The early detection of DVT is crucial to reduce the risk of thromboembolism
in the critical patient, thus reducing the related morbidity and mortality. A delayed
diagnosis of PE has poor outcomes, ranges from shock to hospital death[12]: Therefore,
the 30 d mortality rate exceeds 3% in patients with DVT who are not anticoagulated,
and this mortality risk increases 10-fold in patients who develop PE.

The most diffused vascular diagnostic tools are: (1) Phlebography: Gold standard,
not widely used for its invasiveness; (2) Computed tomography (CT) angiogram:
Utilized for PE and proximal districts (pelvic, iliac, caval); (3) Magnetic resonance
imaging angiogram: Utility comparable to CT angiogram; and (4) Echocolordoppler:
The most employed instrumental methodic for quick diagnosis and screening of
pathology (limited just in the most peripheral venous tracts).
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Table 1 Wells’ score

Features Score, points
Active cancer (in treatment or treated in the last 6 mo or under palliative care) 1
Paralysis, paresis, or recent plaster immobilization of the lower extremity 1
Bedridden recently > 3 d or major surgery within 12 wk 1
Localized tenderness along the deep venous system 1
Entire leg swollen 1
Calf swelling > 3 cm compared to the other leg 1
Pitting edema, confined to symptomatic leg 1
Collateral (nonvaricose) superficial veins present 1
Previously documented DVT 1
Alternative diagnosis to DVT as likely or more likely -2

DVT: Deep venous thrombosis.

Jaishideng®

Therefore, we realized a review of clinical studies comparing outcomes of patients
with a history of DVT subjected to different managements. We achieved this by doing
formal searches of the electronic database MEDLINE (source PubMed) and the
Cochrane Controlled Clinical Trials Register Database. About 40 studies were selected
from 1989 to 2017, by a combination of medical subject headings including the
following terms: Compression ultrasound (CUS), DVT, venous ultrasound (VU) and
VTE. References from reviews and selected articles were also examined for potentially
relevant citations. Our analysis was restricted to the trials that focused on the
comparison between different existing diagnostic protocols, with a special focus on
emergency department experiences.

VU

VU is the commonest methodic used for DVT assessment. Many different protocols
have been proposed, thus incrementing the confusing about its management. The
study of deep veins is performed with high-frequency linear probes (5-7.5 MHz) or a
sector probe, when the limb is particularly large-sized (Figure 1). Specifically,
evaluation of the femoral veins should be done with the lower limb in extra-rotation,
while other veins are studied in supine position with flexed knee. CUS with Doppler is
the choice diagnostic test in patients with suspected DVT and the sensitivity and
specificity of proximal CUS is greater than 95% (Figure 2). However, proximal CUS
suffers from limitations[13]: (1) Calf vein thrombus, that are harder to assess than
proximal veins; and (2) Iliac veins thrombus, that cannot be assessed for compress-
ibility and thus these veins should be assessed with venography.

Pretest evaluation

First step in DVT assessment is probability estimation according to Wells Score[14]. In
case of low pretest probability, a negative D-Dimer can rule out DVT without the need
for ultrasound confirmation. If, conversely, pretest probability by Wells Score is high,
VU is recommended([15,16] (Figure 3). Therefore, the role of D-Dimer in this diagnostic
process is limited: it is a degradation product of cross-linked fibrin and it is elevated in
nearly all patients with acute DVT (high sensitivity), but it is non-specific since high
levels are found in many other conditions (i.e. malignancy, sepsis, recent surgery or
trauma, pregnancy, renal failure).

Protocols

Complete doppler ultrasound: Is the preferred one and it includes bilateral
compressions from inguinal ligament, passing through calf veins, to ankle
(compressions are separated by 2 cm intervals); it also provides for bilateral common
femoral and popliteal vein color doppler images and spectral doppler waveforms, in
order to verify possible asymmetries[17,18]. CUS false positivity in calf evaluation is
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Figure 1 Study optimization.
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Compression

Figure 2 Compression ultrasound example.
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extremely uncommon (its specificity in calf district reaches about 97.8%)[19], and the
risk of excessive treatment related to calf DVTs represents the principal argument
against this protocol. Calf assessment may also provide alternative findings, like
musculoskeletal abnormalities[20]. Prospective studies have demonstrated that lack of
compressibility of a vein with the ultrasound probe is the most sensitive (> 95%) and
specific (> 95%) sonographic sign for proximal vein thrombosis. The addition of color
flow Doppler does not improve the sensitivity but can provide supportive evidence of
thrombus and help to identify calf veins. Variation of venous size with the Valsalva
maneuver has a low sensitivity and specificity for the diagnosis and is no longer
performed in many centers[21-24]. In case of negative result, the risk of DVT after 3 mo
is estimated about 0.57% (95%CI, 0.25%-0.89%) (Figure 4)[25].

Extended compression ultrasound: This protocol is a point-of-care examination that
consists of compressions from thigh to knee and is principally utilized when complete
doppler ultrasound (CDUS) is not quickly viable[26]. However, if it results negative, a
confirmatory CDUS after 5-7 d is recommended, in order to exclude calf involvement
(evaluating to start anticoagulation if this is not possible)[27-30]. (Figure 4).

Two-region ultrasound: The compressions are limited to femoral and popliteal areas.
As in extended compression ultrasound (ECUS), also in this case a negative response
should be followed by a CDUS examination 5-7 d later, because both the previous two
protocols do not comprehend calf veins[27,31,32]. D-Dimer after a negative ECUS or
two-region ultrasound does not affect the follow-up unless it results negative[33]
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Figure 3 Pretest evaluation algorithm. CDUS: Complete doppler ultrasound; DVT: Deep venous thrombosis; ECUS: Extended compression ultrasound.

Common
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' ' <—— Popliteal vein

\

Figure 4 Different protocols. Dotted arrows correspond to ultrasound scans separated by 2 cm intervals. Yellow segments instead represent doppler points.
CDUS: Complete doppler ultrasound; ECUS: Extended compression ultrasound; 2-region: Two-region ultrasound.

(Figure 4).

Thrombosis sides and related approach

The management of DVT is also related to its side, in particular two sides are more
controversial (Figure 5): (1) Ileocaval: Being in a blind side for ultrasound sonography,
it could be underdiagnosed. Nevertheless, although a normal CUS could be present,
asymmetrical or continuous femoral doppler waveforms or whole-leg swelling may
indicate an upstream impediment. In these cases, it is reasonable to think about pelvic
ultrasound, CT or magnetic resonance venography to rule out this possibility. It has
been estimated that this side is involved in 1.6% of DVTs[34]. Because the accuracy of
duplex ultrasound for ileocaval DVT is not established, the threshold for CT or
magnetic resonance venography should be low; (2) Calf veins: Even if calf district
examination is just included in CDUS protocol, calf involvement management is
subject to debate. If the physician chooses a wait-and-see approach without treating, it
is recommended to repeat ultrasound at 1 wk. If new scan shows proximal
progression, then start anticoagulation (progression occurs in 9%-21.4% of cases and is
usually associated to symptoms perseverance or exacerbation)[35]; if instead clot
remains stable, you should scan again at 2 wk. If thrombus is not more observable at 1
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wk or does not show significant evolution at 2 wk, or if you have begun treating, you
can stop its follow-up. You could consider a new assessment in case of therapeutic
changes[35,36]. More investigations will be needed to clarify prevalence and risk
factors of progression in non-anticoagulated calf thromboses[37]. It is important to
point out that short calf areas of non-compressibility are not significative[38], further
scans or D-dimer may supply in these cases, although positive D-dimer has
demonstrated to be not discriminatory[39]. Moreover, presence of calf DVT could be
important in risk stratification about different fields like chronic venous insufficiency,
mortality and cancer diagnosis or recurrent DVT occurrence[40,41]. The current
American College of Radiology/American Institute of Ultrasound in Medicine/
Society of Radiologists in Ultrasound guidelines include selective calf imaging for the
subset of patients with calf symptoms not explained by the proximal scan; and (3)
Upper limbs: Old statistics referred an incidence of upper limbs thrombosis about 2%-
3%, mainly in young patients and in right arm, especially after hard physical effort or
in thoracic outlet syndrome.

Thrombus types and classification

The thrombus evolution is characterized by several phases, each with different
embolic risk: (1) Early stage (1-6 d): Clot shows hypoechoic structure and low
adherence to vessel walls; (2) 2™stage (7-14 d): Inhomogeneous structure with
alternation of echogenic and hypo/an-echoic areas; and (3) 3**and 4"stage (> 14 d):
Organization and recanalization phases: Flow appearance inside thrombus to color
doppler.

The first two phases have the highest PE risk.

Basing on echogenic characteristics and appearance of thrombus, we can classify
lesions as follows (Table 2): (1) Acute Venous thrombosis: Noncompressible, but the
clot is not stiff and gets deformed under probe push; thrombus presents a regular
profile, and the respective vein is dilated; (2) Chronic post-thrombotic change: It shows
residual findings after an acute venous thrombosis. In this case clot is noncom-
pressible, fixed and resists to pressure deformation; moreover, its profile is often non-
uniform, as well as non-uniform and thickened could look vessel wall after thrombus
incorporation or recanalization, while vein does not present dilated rather its caliber
may be reduced (scarring setting). Sometimes it is associated to thick adhesions
(synechiae), as effect of retraction forces exerted by thrombotic material, and less often
to calcification sides. Echogenicity does not reflect how old thrombus is[42]. It is
important to keep in mind that this persisting lesion is not a thrombus and anticoagu-
lation therapy is not required in this case[43]; (3) Subacute thrombus: This term
shouldn’t be commonly used since it refers to a typical and unusual situation in which
ultrasound shows a change in acute thrombus aspect few weeks apart, not includable
in chronic post thrombotic change definition. These changes should occur no later than
6 mo after clot formations[44,45] (thrombus usually progresses or heals within 6 mo
from its generation); (4) Scarring: It is a process that can follow a not completely
recovered acute thrombosis, due to fibroblasts action on thrombus and consequent
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Table 2 Lesion types

Lesion definition

Characteristics

Acute thrombus

Subacute thrombus

Chronic post-thrombotic
change

Noncompressible; deformable under probe push; regular profile; dilated vein

Change in acute thrombus aspect few weeks apart, not includable in chronic post-thrombotic change definition (no later
than 6 mo after clot formation)

Noncompressible; resists to pressure deformation; non-uniform profile; reduced/normal vein caliber

Jaishideng®

fibrosis with its effects on wall thickening and synechiae production. It can determine
an uncomplete stenosis which could endure for years[44,46]. Scarring has to be more
correctly considered part of “chronic post thrombotic change” definition; (5)
Indeterminate (equivocal): Definition utilized when it is not possible to clearly classify
the lesion; (6) and Recurrent DVT: It is a thrombus formation on a chronic post
thrombotic change region or a new acute venous thrombosis in a patient with a former
thrombosis episode in same or contralateral leg[47-50]. It is a quite common
eventuality[49], especially in patients with scarring lesions[51]. It could be not easy to
recognize a new acute thrombus occurring in a chronic post thrombotic change zone
[47,51,52]. Various criteria have been advanced to support diagnosis, in particular
increments in compressed vein size > 4 mm or in D-dimer values, while no modific-
ations in ultrasound scans at 1-3 d and at 7-10 d as exclusion criterion; however, their
efficiency is still not clear[35,47,53-55]. Magnetic resonance also has been considered to
assist differential diagnosis of recurrent DVTs from simple scars[55].

Serial scanning or D-dimer may be helpful in cases where the ultrasound does not
detect clear new abnormalities, or the findings are difficult to interpret. Equivocal
ultrasound findings may require serial imaging after 1-3 and 7-10 d to determine if
there are any acute changes that would indicate recurrent DVT. D-dimer may also be
helpful to establish if recurrent DVT is present.

FOLLOW-UP

During anticoagulant therapy, ultrasound follow up is not necessary. For example, in
the early stages of treatment, there may be minimal progression of thrombotic
material, but this is not an indication to change anticoagulant or to insert a caval filter.
Therefore, to evaluate “response” of venous clot to therapy does not alter treatment
[36,56,57].

Ultrasound at the end of treatment may be helpful to get a clear picture of the
venous district for future assessment[54].

It is unclear whether the persistence of thrombotic abnormalities can guide on a
possible prolongation of anticoagulant therapy. Further studies will be needed to
define the correlation between residual risk and therapy[58].

A separate mention deserves isolated distal DVT, that-as stated above-sometimes
resolves or does not extend proximally without treatment and is associated with less
severe complications. Thus, routine use of whole leg ultrasonography has the potential
to lead to the diagnosis of DVT that does not necessarily need to be treated. Data on
distal DVT remain unclear. It is not yet known who patients are at risk and how long
any anticoagulation therapy should be[59].

CONCLUSION

DVT is an often-misrecognized pathology that can cause serious clinical conditions,
such as PE. Actually, ultrasound evaluation of the lower venous district can give
essential information for a rapid diagnosis, especially in conditions of hemodynamic
instability or when second level examinations are not readily available. Hence,
compressive ultrasonography is one of the most effective tools in the emergency
department in the hand of physicians. It is a non-invasive, low-cost diagnostic
methodology that does not expose the patient to ionizing radiation; therefore, it is a
rapid examination that should be part of the diagnostic flow chart for PE.
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