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Evidence of Ultrasonographic Monitoring

in the ICU Patient

Ultrasound serves as a tool to enhance diagnostic precision for decision-making
in life-threatening situations in the ICU. This article will delve into the evidence of
ultrasound monitoring across different scenarios.

Introduction

In the contemporary landscape of medi-
cal diagnostics, ultrasonography stands
out as a pivotal instrument, offering a
non-invasive, cost-effective, and readily
accessible modality for the real-time visu-
alisation of internal anatomical structures.
Its significance extends beyond mere
imaging, serving as a critical adjunct in
the decision-making process across vari-
ous medical disciplines.

Ultrasonography's versatility is show-
cased through its application in diverse
clinical scenarios, ranging from emergency
medicine to chronic disease management.
Moreover, ultrasonography's diagnostic
precision is enhanced by the continuous
advancements in ultrasound technology,
including high-resolution imaging and
Doppler capabilities.

Importantly, the real-time nature of
ultrasonography permits a dynamic assess-
ment of physiological functions, a feature
unattainable by other imaging modalities.

Neurocritical Patient

Neuromonitoring is vital in the detailed
management of individuals with traumatic
brain injuries (TBI), enabling the swift
detection of issues like increased intra-
cranial pressure (ICP) (Martinez-Palacios
et al. 2023). The diagnosis and treatment
of ICP reduces morbidity and mortality
(Chen et al. 2023).

The gold standard monitoring ICP
necessitates the insertion of an invasive
transducer into the parenchymal tissue
or the brain ventricle, carrying potential
risks of complications such as haemor-
rhage and infection (Raboel et al. 2012).

Ultrasound has become a preferred
method for gauging the optic nerve sheath
diameter (ONSD) owing to its convenience,
functionality, safety, consistency, and lack
of ionising radiation exposure or recog-
nised adverse reactions (Montgomery et
al. 2023).

The optic nerve is enveloped by a sheath
derived from the meninges, stretching
towards the orbit. This linkage allows for
the movement of cerebrospinal fluid (CSF),
thereby permitting analogous pressure
shifts within the intracranial and orbital
subarachnoid spaces. As a result, employing
ultrasound to detect raised ICP via ONSD
assessments is increasingly accepted in
trauma, neurosurgical, and emergency
medical settings (Fernando et al. 2019)

The fundamental procedures for measur-
ing the ONSD via ocular ultrasound are
outlined as follows:

1. Position the patient in a supine
manner.

2. Apply gel to the closed upper eyelid,
then place the high-frequency linear
probe on it. This probe enhances the
contrast between the nerve and the
retrobulbar fat.

3. Manipulate the probe to visualise
the entrance of the optic nerve into
the globe.

4. The ONSD should ideally be measured
3mm posterior to the eye globe. The
intersection point of the optic nerve
and the ophthalmic artery is also a
recommended site for measurement.

5. Obtain multiple readings for each eye
and calculate the average to minimise
the risk of variance (Richards et al.
2023).
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Clinical
Presentation
or Patient
Symptoms

Suspected
Diagnosis
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Ultrasound Sign

Specificity

Sensitivity

Decision or
Management

brainstem
reflexes and
mydriatic pupils

Brainstem
death

(CCA)

Flow patterns: oscillatory
flow representing reversal
of diastolic flow and systolic
spikes representing lack of
net forward flow.

ONSD dilation 93% 96% 0.97
5.6-6.3mm
Pulsatility Index 85% 92% 0.85
Patient with >1.4 )
i . Invasive ICP measurement
anisocoria and Increased
or management of
low Glasgow ICP , ) )
intracranial hypertension
Coma Scale
82% 90% 0.92
Patient with TBI ONSD <5mm 93% 96% 0.97
isocoric pupils -
If sedated, proceed with
Rule out — p p dati ithd l
increased ICP Pulsatility Index <1.2 85% 92% 0.85 sedation withdrawal.
‘ Initiate weaning protocol.
ONSD/ETD Ratio <0.25 82% 90% 0.92
Patient without Cerebral circulatory arrest 98% 90% 0.96

Brain death confirmed,
withdrawal of life support,
declaration of death,
notification of family
members. Notify organ

procurement team.

Table 1. Ultrasound utilisation for clinical decision-making in neurocritical patient
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Systematic review and meta-analysis
showed a mean ONSD in the included
studies of 5.82 mm (Monrtofano et al.
2021). ICP can be calculated using the
formula ONSD = 5.69xONSD -8.23 mmHg.

To enhance the reliability of ONSD
measurement, the introduction of the
ONSD to eyeball transverse diameter
(ETD) ratio was proposed (Vaiman et
al. 2014). The transverse diameter of the
eyeball and the sheath is measured and
divided by this measurement; if it results
in a value greater than 0.25, it indicates
ICP (Du et al. 2019).

Transcranial Doppler (TCD) and tran-
scranial colour-coded duplex sonogra-
phy (TCCS) serve as essential real-time
neurological monitoring instruments
within the Intensive Care Unit (ICU).
TCD ultrasonography can be conducted
bedside to ascertain and monitor cere-
bral blood flow (CBF), gauged by mean
blood-flow velocity (MFV), and ICP can
be determined through Pulsatility Index
(PI) values of the middle cerebral artery
(MCA), as well as other major intracranial
vessels, irrespective of the patient's level of
consciousness or sedation status (Fatima
et al. 2019). The PI stands out as a critical
haemodynamic parameter offered by TCD/
TCCS (Pinillos et al. 2021)

Patients with TBI who underwent diag-
nostic TCD monitoring for increased ICP
or vasospasm (VSP) and exhibited abnor-
mal TCD findings (mean flow velocity
[MFV] >120 cm/s or MFV <35 cm/s, PI
>1.2) were more than three times as likely
to experience a poor outcome compared
to patients with TBI and normal TCD
monitoring (Fatima 2019) The odds ratio
(OR) for poor outcome in these cases was
3.87, with a 95% confidence interval (CI)
ranging from 2.97 to 5.04, indicating a
significant association (P < 0.00001)

It's important to note that despite its
prognostic value, the use of TCD as a
diagnostic tool for intracranial hyperten-
sion is not considered standard practice
according to Robba and Taccone (2019)
and not solely dependent on the PI > 1.4
because elevated pulse pressure, hyper-
capnia, hypocapnia, bradycardia, patient
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age, insonation angle, hypothermia, and
hyperthermia can all influence the results
of TCD examinations.

Brain Death

TCD is routinely employed as an ancillary
test to confirm the absence of CBE The
identification of specific TCD patterns is
crucial for determining cerebral circula-
tory arrest (CCA): these patterns include
reverberating flow, systolic spikes, and
the disappearance of previously recorded
flow velocities (FV). The presence of the
mentioned flow patterns across all major
intracranial vessels is required to confirm
brain death (Robba and Taccone 2019).

In a meta-analysis synthesis of 22 RCT,
TCD was found a sensitivity of 90% and
a specificity of 98%, when benchmarked
against the gold standard (Chang et al.
2016).

Cardiac POCUS (FoCUS:
Focused Cardiac Ultrasound)

One of the most sensitive (S) and specific
€ findings when scanning the heart is
pericardial effusion (S:96%, E:98%), which,
in the right context and with certain char-
acteristics, becomes an absolute indication
for immediate pericardiocentesis (Lau
and See 2022).

The context would be a patient in a state
of obstructive shock who, upon standard
cardiac scanning (parasternal long and short
axis, apical 4 chambers and/or subcostal),
displays an anechoic image that separates
the pericardial layers by at least 10 mm. If
this distance is smaller, pericardiocentesis
is contraindicated as it is considered a small
effusion with little probability of being
responsible for the state of shock, and
with technical complexity for performing
pericardiocentesis, the risk being greater
than the potential benefit (Imazio and
De Ferrari 2020). The echocardiographic
signs we can find in cardiac tampon-
ade are right atrial diastolic collapse (S:
95-100%, E: 70-80%), right ventricular
diastolic collapse (S: 90-95%, E: 95-100%),
respiratory cycle changes in the E wave
velocity of the mitral flow > 25% and of
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the (Hamzaoui et al. 2013) E wave in the
tricuspid flow > 40%, the last two signs
are surrogates of the paradoxical pulse (S:
98%, E: 83%), dilation of the IVC (inferior
vena cava) > 20 mm with a reduction in
its variability (<50%) with the respiratory
cycle (S: 95-100%, E: 40-50%).

Another immediate attention pathol-
ogy is pulmonary thromboembolism
(PTE), traditionally only diagnosed with
pulmonary angiography or perfusion
scintigraphy. However, since 2019, the
European cardiology guidelines for PTE
established echocardiographic signs that
could aid in the diagnosis of high-risk PTE
and make the decision for thrombolysis
without waiting for angiography, as this
study is not available in many hospital
centres (Konstantinides et al. 2020). One
of the most used signs of PTE is the growth
of the right ventricle (RV) compared to the
left ventricle (LV) with an RV/LV ratio >
1 (S: 50%, E: 93%). The D sign, referring
to the abnormal flattening or bulging of
the septal wall towards the LV due to RV
pressure overload, has been reported with
low sensitivity but high specificity for
tamponade (5:29.7%, E: 96.2%). McCon-
nell’s sign, which includes akinesia of the
RV-free wall with abnormal RV apical
hyperkinesis due to anchoring with the
LV fibres in a hyperdynamic state, has an
estimated sensitivity of 29.1% and specific-
ity of more than 98%. The combination of
areduction in TAPSE (tricuspid annular
plane systolic excursion) <17 mm and the
60/60 sign (pulmonary valve acceleration
time <60 ms and tricuspid regurgitation
gradient <60 mmHg) have a sensitivity
of 51% and specificity of 86% (Falster et
al. 2022). Early systolic notching in the
Doppler study of the pulmonary artery
flow has been reported with a sensitivity
of up to 97% and specificity of 99% with
an area under the curve of 0.96 (Bigdelu
et al. 2023).

Another indispensable evaluation in
echocardiography is the determination of
heart failure, as if established, it can have
significant implications in the approach to
a patient, generally to decide the initiation
of inotropics or to halt fluid resuscitation.
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Clinical presentation

Diagnostic
Suspicion
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Echocardiographic Sign

Sensitivity | Specificity

Management Strategy

Signs of obstructive
shock -

Jugular vein distension.
Muffled heart sounds.
Hypotension unresponsive
to vasopressors or fluid
therapy.

Comorbidity causing
pericardial effusion.
Electric alternans on EKG.
Low voltage QRS

complexes

Tamponade

Diastolic collapse of RA

95-100%

70-80%

Diastolic collapse of RV

90-95%

95-100%

Changes in E wave velocity
in mitral flow >25%

98%

83%

IVC > 20 mm, variability <
50%

95-100%

40-50%

Pericardiocentesis

Signs of obstructive
shock -

Deep vein thrombosis.
Risk factors for venous
thrombosis.
Tachycardia.

Elevated D-dimer.
S1Q3T3 on EKG.

PE (Pulmonary
Embolism)

29.70%

96.20%

McConnell's sign

29.10%

98%

Decreased TAPSE

51%

86%

60/60 sign

Systolic notch in pulmonary
artery Doppler

97%

99%

Thrombolysis or
Thrombectomy

Heart failure

Dyspnoea.

Swelling of limbs or
generalised.

Jugular vein distension.
Diffuse pulmonary
crackles.

Hepatojugular reflux.

Acute or Chronic
Decompensated
Heart Failure

EPSS > 9.5 mm

90%

80%

98%

82%

Negative fluid balance,
Inotropic support

Table 2. Ultrasonographic Signs in Obstructive Shock and Heart Failure. RA: Right Atrium, RV: Right Ventricle, IVC: Inferior Vena Cava, EKG: Electrocardio-

gram, EPSS: E-point septal separation, MAPSE: Mitral annular plane systolic excursion, TAPSE: Tricuspid annular plane systolic excursion
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E-point septal separation (EPSS) has a
strong correlation with LVEF (left ventricu-
lar ejection fraction), traditionally the
cut-off point to define that the LVEF is
below 40% is >7 mm (McKaigney 2014);
however, a cut-off of 9.5 mm has been
recently proposed to establish an LVEF
<40% with an S: 90%, E: 80% and an area
under the curve of 0.91 (Nufez-Ramos
et al. 2022).

MAPSE (Mitral annular plane systolic
excursion) allows for the evaluation of
longitudinal shortening of the LV; a measure
of less than 8 mm is associated with an
LVEF < 50% with an S 98% and E 82%,
while a value of more than 10 mm (Schick
et al. 2022) has an S 90% and E 87% for
preserved systolic function (>55%).

In general, POCUS has high sensitivity
and specificity in identifying the type of
shock presented by patients. From 0.77 for
distributive shock to 0.93 for hypovolae-
mic shock, with specificity ranges going
from 0.92 for hypovolaemic to 0.97 for
obstructive shock (Yoshida et al. 2023).

Lung Ultrasound

This can reduce imaging techniques involv-
ing radiation and decrease the taking of
radiographs in critical areas by up to 50%
(Brogi et al. 2017). The lung exploration
can be done with any transducer on a
simple ultrasound machine, dividing the
thorax into 4 quadrants per lung and using
both two-dimensional and M modes.
Subsequently, it is necessary to describe
the pleural line and the artefacts that
originate from this line for the diagnosis
of the different clinical scenarios (Demi
et al. 2023).

Acute Respiratory Failure

Lung ultrasound is sensitive to changes in
lung aeration and density. Therefore, the
increase in extravascular lung water, loss
of aeration, or the combination of these
phenomena modify the visualised image.
In a meta-analysis with 1,232 patients, lung
ultrasound had a sensitivity of 92 and a
specificity of 98% for diagnosing the cause
of acute respiratory failure. Pleural eftu-
sion and acute interstitial syndrome are
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the aetiologies most likely to be identified
by lung ultrasound, reporting a pooled
sensitivity of 95% (Yuan et al. 2021). Due
to this diagnostic precision, international
scientific societies issue strong recommen-
dations for the use of lung ultrasound for
the diagnosis of acute respiratory distress
syndrome (ARDS), for the evaluation
and classification of pulmonary oedema
in heart failure, and for the evaluation
of pleural diseases (Gargani et al. 2023).

Pneumothorax

Lung ultrasound presents 95% specificity
for the diagnosis of pneumothorax when
absence of pleural sliding and the barcode
sign (also called stratosphere sign) are
observed, and 100% specificity when the
"lung point" sign is found respectively. The
sensitivity is 90 to 95%, aiding in diagno-
sis when there is high clinical suspicion
in patients with decreased mobility of a
hemithorax, absence of respiratory sounds,
hyperresonance on percussion, and some
suspected cause (e.g., chest trauma, central
venous access placement).

Pleural Effusion

In cases of pleural effusion syndrome, clini-
cal presentation often includes observable
signs such as decreased lung expansion on
the affected side, diminished palpation and
percussion, and reduced tactile fremitus.
However, these clinical indicators exhibit
low sensitivity and specificity. Utilising
ultrasound as a diagnostic tool significantly
enhances accuracy. Ultrasound findings
typically reveal an intrapleural anechoic
zone, commonly referred to as the sinu-
soid sign in M mode. The sensitivity and
specificity of ultrasound in detecting pleural
effusion range between an impressive 95%
and 99%, respectively. This underscores the
invaluable role of ultrasound in accurately
diagnosing pleural effusion syndrome and
guiding appropriate clinical management.
Moreover, ultrasound also enables clinicians
to perform thoracentesis, facilitating the
safe and precise extraction of pleural fluid
for diagnostic and therapeutic purposes.

Consolidation

In the case of consolidation syndrome or
pulmonary condensation, characterised
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by systemic inflammatory response data
(fever, tachycardia) and respiratory failure
(dyspnoea and low oxygen saturation)
which are not very sensitive and specific,
together with more sensitive clinical data
such as productive cough with purulent
expectoration, lung ultrasound comple-
ments these findings with a sensitivity
reaching 89% and specificity up to 97%
when finding an irregular or fragmented
pleural line accompanied by subpleural
hyperechoic echoes, known as the shred
sign, in addition to dynamic air broncho-
grams observed as branching intraparen-
chymal hyperechoic images, making this
tool superior to clinical diagnosis of this
syndrome.

Interstitial Syndrome

The interstitial alveolar syndrome could
hardly be differentiated clinically from
another cause of acute respiratory failure
if not for the findings on lung ultrasound,
where we will find three or more vertical
hyperechoic artefacts, which originate
vertically from the pleural line in the form
of comet tails, and erase the A-lines, it is
necessary for these findings to be found
in two different insonation zones, these
artefacts are known as B-lines and have a
sensitivity of 95% and specificity of 91%
for the diagnosis of this syndrome.

Diaphragmatic Dysfunction Myot-
rauma Associated with Mechanical
Ventilation.

Diaphragmatic Excursion: With a low-
frequency transducer positioned longi-
tudinally with the cephalic mark in the
right subcostal region between the anterior
axillary line and the midclavicular line, the
posterior third of the right hemidiaphragm
can be visualised in two-dimensional
mode. During inspiration, there is a caudal
displacement (excursion) that can be
explored in M mode with the explora-
tion line positioned perpendicular to the
diaphragm. Absent or reduced excursion
<10 mm during a spontaneous breathing
trial indicates diaphragmatic dysfunction.

Diaphragmatic Thickening: With a high-
frequency transducer perpendicular to the
lateral thoracic wall in the mid-axillary
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intercostal region at the zone of apposi-
tion (between the 9th and 10th intercostal
spaces), the diaphragm is identified 2 - 4
cm from the skin as a three-layer struc-
ture; an internal hypoechoic muscular
layer surrounded by two hyperechoic
external membranes (the peritoneum
and the pleura). The thickness of the
muscle at the end of expiration (at rest)
and the thickening and stiffness of the
diaphragm during inspiration should be
analysed in two-dimensional or M mode.
The lower limit for the normal thickness
of the diaphragm in healthy individuals
is 1.5 mm (Santana et al. 2023). Values
lower than this can predict diaphrag-
matic atrophy. Also, a decrease of >10%
in serial measurements of the diaphragm
suggests atrophy (Goligher et al. 2015). The
diaphragm thickening fraction is defined
as the percentage change in the thickness
of the diaphragm during inspiration. It
represents the inspiratory effort of the
diaphragm, and a value < 20% is useful for
the diagnosis of diaphragmatic dysfunc-
tion (Inspiratory Diameter — Expiratory
Diameter)/Expiratory Diameter)X100. In
a recent meta-analysis, the diaphragmatic
excursion has an S 80% and E 80%, and the
thickening fraction an S 85% and E 75%;
therefore, they have acceptable diagnostic
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accuracy as predictors of success for the
withdrawal of mechanical ventilation
(Parada-Gereda et al. 2023).

Focused Assessment With
Sonography in Trauma: ECO-
FAST

Trauma represents a significant cause of
mortality in young individuals (Savoia et
al. 2023). Closed abdominal injuries (solid
organ injuries such as the liver or spleen,
mesenteric and visceral tears) can cause
significant bleeding and haemodynamic
instability, with hypovolaemic shock being
one of the main causes of trauma-related
mortality (Stengel 2015).

According to the protocols established by
Advanced Trauma Life Support (ATLS), the
first step as a standard, quick, repeatable,
economical, and reliable diagnostic tool
for the early detection of intra-abdominal
haemorrhage in patients with severe inju-
ries is the performance of an abdominal
ultrasound (Chaijareenont et al. 2020) or
a focused assessment with sonography in
trauma (FAST).

The FAST protocol is based on the prin-
ciple that free fluid (FF) such as blood can
accumulate in certain anatomical locations

(upper and lower BLUE-points) The
Lung sliding BLUE
present ar‘!y abolished
B-profile A-profile A/B or B'-profile  A'-profile
£ * a ¢ C-profile e l lp \
PUEL[')‘EOMNAARY Sequential ¢ plus without
venous analysis i i
Y PNEUMONIA PNEUMONIA 'ungpoint  lung point
Thrombosed vein  Free veins l l
Need for other
PNEUMOTHORAX  diagnostic
it
PULMONARY Stage 3 modaliies
EMBOLISM (PLAPS-point)
PLAPS no PLAPS
+ This decision tree is not designed
for providing 100% of diagnoses of
PNEUMONIA COPD or ASTHMA acute dyspnea. It has been simplified
with the target of overall accuracy
just > 90% (90.5%)

Figure 1. BLUE-protocol decision tree for Acute Respiratory Failure. Source: Lichtenstein 2015.

in the supine patient, its main objectives
being to identify FF and at the same time
guide decision-making in the resuscita-
tion stage, mainly in the polytraumatised
patient (Gallardo et al. 2023).

Whom, where, and when to apply the
fast or e-fast protocol?

There are three important indications for
performing the FAST protocol:

1. Closed abdominal trauma with haemo-
dynamic instability.

2. Penetrating trauma in the thora-
coabdominal transition, where there
is doubt about penetration into the
abdominal cavity, with haemodynamic
instability.

3. Haemodynamic instability of unknown
cause (Savoia et al. 2023).

How to perform the fast and e-fast
protocol

This protocol should be carried out at the
patient's bedside, avoiding their transfer to
a distant cabinet unit. Likewise, it should
be applied during the evaluation of circula-
tion within the ATLS protocol's ABCDE
algorithm to address the presence of free
fluid and, if applicable, the possible causes
of cardiac tamponade (Savoia et al. 2023).

In the thorax, FF can be found in the
pericardial and pleural spaces; if the antero-
superior thorax is added, it is called E-FAST
or extended FAST, useful for detecting the
presence of pneumothorax. It is performed
using the phased array transducer (2-4
MHZz) or the convex transducer (2-5 MHz)
to obtain images of the right and left upper
quadrants and the suprapubic regions (Zhou
and Wiley 2024). In the abdomen, the
dependent spaces are susceptible to accu-
mulating FF, such as the Morrison's space
(located between the liver and the right
kidney), the splenorenal space (between
the spleen and the left kidney), above the
spleen (subphrenic space) and within the
pelvis, FF will accumulate in the pouch of
Douglas. Nishijima et al. conducted a study
in 2012 with the objective of systematically
evaluating the accuracy and precision of
symptoms, signs, laboratory tests, and
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Diagnostic

suspicion
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Specificity (95%
cl

Sensitivity %
(95% Cl)
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Management Strategy

Trauma patient in shock
Fast positive

Hypovolaemic
shock due to
haemoperitoneum

74% (66-80%) 96% (91-98%)

Positive result: No further physical
examination required.

If negative: Perform additional studies (CT,
MRI).

Table 3. Diagnostic utility of FAST examination in trauma patients presenting with shock

bedside imaging studies for identifying
intra-abdominal injuries in patients with
diffuse abdominal trauma. Studies examin-
ing the identification of intra-abdominal
injuries (12 studies) and a separate search
for studies evaluating bedside ultrasound
(22 studies) were included. It was found
that the presence of intraperitoneal fluid or
organ injury on bedside ultrasound evalu-
ation is more accurate than any anamnesis
and physical examination findings (LR, 30;
95% CI, 20-46%). On the other hand, in
2018, Stengel et al. conducted a Cochrane
review of retrospective and prospective
studies, including 34 studies with a total
of 8635 patients, evaluating the diagnostic
accuracy of FAST for thoracoabdominal
injuries in patients with closed trauma,
taking as reference standard Computed
Tomography, Magnetic Resonance, lapa-
rotomy, thoracotomy or autopsy.

The primary outcome was the diagnosis
of any thoracoabdominal injury; defined
as free abdominal or thoracic fluid, retro-

peritoneum, pericardium or mediastinum,
organ injury (spleen laceration, or another
solid organ) as well as vascular injury (aortic
dissection or injury to other vessels) and
other injuries.

The results indicate that positive findings
from point-of-care ultrasound can guide
treatment decisions with a specificity of
0.96 and can contribute to reducing the
need for imaging during trauma evalua-
tion, especially in cases of thoracic trauma.
However, for patients with abdominal and
paediatric trauma, negative results from
point-of-care ultrasound do not rule out
injuries (with a sensitivity of 0.68 and
0.63, respectively); therefore, patients
with negative results from point-of-care
ultrasound require further evaluation to
detect injuries (Long and April 2019).

Ultrasound for Evaluation of
Thrombosis in Pelvic Limbs

Deep vein thrombosis (DVT) is part of

the clinical spectrum of venous thrombo-
embolic disease (VTE), with an incidence
estimated at 1-2 episodes per 1000 people,
constituting the 3rd cause of cardiovas-
cular mortality in developed countries
(Munoz 2020).

The genesis of venous thromboembolism
is multifactorial, requiring the presence
of predisposing and/or triggering factors
for its development. A prothrombotic
and proinflammatory aetiology has been
proposed, where coagulation factors inter-
act with immune system cells (Khan et al.
2021). Triggering factors are associated with
Virchow's Triad (venous stasis, endothelial
injury, and hypercoagulability). Tissue injury
leads to endothelium activation, which
ultimately activates factor XII, contributing
to thrombus formation (Zamarron et al.
2021). It is crucial to achieve an accurate
diagnosis of deep vein thrombosis (DVT)
to prevent acute complications, such as
pulmonary embolism, as well as chronic
ones associated with post-thrombotic
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syndrome.

Diagnostic algorithms for DVT have been
developed that incorporate clinical prob-
ability models based on the patient's medical
history, D-dimer levels, and imaging tests.
Among these tests, venous compression
ultrasonography stands out as the preferred
technique due to its non-invasive nature,
ease of performance, and the ability to be
repeated if necessary. The basic venous
ultrasound examination is carried out using
a linear transducer emitting medium to
high frequencies (7-12 MHz). This allows
for the assessment of both the femoro-
popliteal and distal axes, as well as the
saphenous axes. Certain venous sectors
may require the use of transducers with
greater penetration: curvilinear transducers
of low to medium frequencies (3-5 MHz),
which are used to assess the iliac venous
axis (Marti et al. 2023).

Five ultrasound signs that should be
evaluated to diagnose venous thrombosis
of the limbs are described (Kakkos et al.
2021):

1. Confirmation in B mode or grey scale
of the venous lumen occupied by
hyperechoic or hypoechoic material.

2. Occupation of the venous lumen by
thrombotic material, leading to the
most specific sign of venous thrombo-
sis; absence of venous compressibility
upon pressure with the transducer.
This lack of compressibility can also
be due, although without the evidence
of the occupied venous lumen, to the
venous plethora that may be created by
obstructions proximal to the explored
venous segment.

3. Venous flow is abolished in Doppler
mode as in pulsed Doppler.

4. The absence of modulation or respi-
ratory ease in the evaluation of flow
at a venous point can translate into
obstruction of the venous sector
between the right atrium and the
insonated vein.

5. The absence of an A wave increases
with muscular compression in the
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Figure 2. Algorithm for the performance of ultrasound in deep vein thrombosis and decision making.
Source: Needleman et al. 2018). CDUS: Complete duplex ultrasound, 2-CUS: Two-site compression ultra-

sound, ECUS: Extended compression ultrasound

insonated sector.

Bhatt M et al. (2020) conducted a system-
atic review and meta-analysis to assess the
accuracy of diagnostic tests for DVT of the
lower extremities in both first-time and
recurrent episodes, including proximal
compression ultrasound (US), whole-leg
ultrasound, serial US, and quantitative
high-sensitivity D-dimer assays. The review
included 43 studies. For any suspected
DVT, the pooled estimates of sensitivity
and specificity for proximal compression
ultrasound were 90.1% (95% confidence
interval [CI], 86.5-92.8) and 98.5% (95%
CI, 97.6-99.1), respectively. For whole-leg
ultrasound, the pooled estimates were
94.0% (95% CI, 91.3-95.9) and 97.3%
(95% CI, 94.8-98.6); for serial ultrasound,
the pooled estimates were 97.9% (95% CI,
96.0-98.9) and 99.8% (95% CI, 99.3-99.9).
The pre-test probability of DVT, often
assessed by a clinical decision rule, will
influence how, along with the sensitivity
and specificity estimates, patients will be
managed.

Conclusion

Ultrasonography proves itself as a pivot-
al tool in modern medical diagnostics,
marked by its versatility across various

disciplines. Its non-invasive, cost-effective
nature, coupled with real-time imaging
capabilities, makes it indispensable in
settings ranging from neurocritical care
to cardiology and emergency medicine.
The technology's evolution continues to
enhance diagnostic accuracy and safety,
significantly impacting patient manage-
ment and care outcomes. As ultrasound
technology advances, its integration into
clinical practice is expected to deepen,
underscoring the need for ongoing training
in ultrasonographic techniques to fully
leverage this potential.
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