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Transcranial sonography:
practical use in the intensive care unit
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Abstract

Brain ultrasonography has emerged as a valuable diagnostic and monitoring tool in in-
tensive care, complementing other point-of-care techniques. Transcranial colour-coded
duplex (TCCD) offers a rapid, non-invasive, repeatable, and cost-effective bedside me-
thod that has gained significant interest among intensivists. TCCD enables visualisation
of the circle of Willis and adjacent cerebral arteries, supporting its use in various critical
scenarios, including vasospasm following subarachnoid haemorrhage, elevated intra-
cranial pressure, hydrocephalus, acute ischaemic stroke, cerebral circulatory arrest, and
certain intracranial haematomas. This manuscript aims to equip intensivists with foun-
dational knowledge to integrate TCCD effectively into their diagnostic arsenal, covering
essential Doppler physics, transcranial insonation techniques, and clinical applications
of TCCD within intensive care settings.
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Transcranial colour-coded duplex (TCCD) ultra-
sound has recently become more widely adopted
in critical care. The European Society of Intensive
Care Medicine (ESICM) highlights B-mode TCCD
insonation of the middle cerebral artery as a fun-
damental ultrasound skill for an intensive care
specialist. Specifically, ESICM recommends TCCD
for triaging and assessing patients with suspected
intracranial hypertension, emphasising its role in early
detection and management of critical neurological
conditions. This recommendation includes quali-
tative waveform analysis and pulsatility index (PI)
measurement. Although TCCD can be used for as-
sessment of suspected cerebral circulatory arrest,
detection of cerebral vasospasm following sub-
arachnoid haemorrhage, evaluation of ischaemic
stroke, and assessment of intracerebral pathology,
the ESICM does not identify these as essential skills
for intensivists. Due to the complexity of the proce-
dure, TCCD in such cases should be performed by
specialised clinicians only. Specifically, the ESICM
does not consider detecting cerebral vasospasm af-
ter subarachnoid haemorrhage as a basic skill, as part
of the panel regarded this examination, due to be-
ing too complex for routine intensive care unit (ICU)
training. Similarly,the evaluation of ischaemic
stroke and intracerebral pathology, and assessment
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of autoregulation were deemed beyond the basic
skillset required for ICU assessments. TCCD can be
valuable in various clinical scenarios, including mid-
line shift, cerebral circulation status assessment, and
left-to-right shunts, such as those seen in patients
with patent foramen ovale. Furthermore, ultrasono-
graphy can measure the optic nerve sheath diameter,
providing additional diagnostic information [1-10].

TECHNIQUES

TCCD, as a combination of two-dimensional
imaging of parenchyma colour Doppler and Dop-
pler pulse wave technology, is an advanced method
used for high-precision real-time scanning. TCCD
allows visualisation of flow inside arteries in rela-
tion to pivotal anatomic landmarks. The assessment
of the flow direction facilitates the correct identifica-
tion of cerebral arteries. The precise placement of
the Doppler gate under visual control ensures ac-
curacy of this technique. TCCD is performed using
a low-frequency phased array probe (2-2.5 MHz),
preferably with a transcranial Doppler (TCD) pre-
set. Low frequencies reduce attenuation caused by
the bone. TCCD uses relatively thin bone windows,
corresponding to four main acoustic windows:
transtemporal, transorbital, suboccipital, and, less
commonly used, submandibular [1, 7, 11-14].
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ACOUSTICWINDOWS AND PERFORMANCE

There are four specific windows that allow in-
sonation of the brain and its vessels. The location
of the transtemporal one corresponds to the area
of low skull bone thickness, allowing for ultrasound
waves to penetrate (Figure 1). The suboccipital win-
dow uses the natural foramen in the skull, namely
the foramen magnum. The transorbital window al-
lows for assessment of structures within the orbit,
without penetrating the bone [2, 6, 11, 14].

The transtemporal window is most commonly
used for transcranial ultrasound examination, due to
favourable temporal bone thickness [2]. The phased
array probe is positioned on the temple, just above
the zygomatic arch, between the orbit and the ear.
The probe marker should be pointed towards the
patient’s eye. The patient’s head should be elevated
above 30°. Insonation through this window allows
for visualisation of the midbrain and, when angled
10° upwards, the diencephalic plane with the third
ventricle and circle of Willis [2, 6, 11, 15]. When using
the TCD preset, the probe marker will be visible on
the left side of the screen. One should be able to rec-
ognise the contralateral skull and bilateral thalami.
First, after placing the probe at a right angle (mes-

Transtemporal
window

Suboccipital
window

encephalic plane), the midbrain is visible (Figure 2).
If the sphenoid bone is visible, the probe should
be angled up [2-9, 11]. According to the literature,
5 to 20% of patients have insufficient transcranial
acoustic access via the transtemporal windows due
to higher bone thickness. In such patients, assess-
ment of abovementioned elements will be unfea-
sible [3, 11].

After visualisation of the mesencephalic plane,
the probe should be tilted up 10°. In this plane,
called the diencephalic plane, the third ventricle
is seen as two pulsating parallel lines, usually less
than 10 mm apart from one another (Figure 3). After
localising the plane, colour Doppler should be en-
gaged. Using a standard setting of Doppler, the mid-
dle cerebral artery (MCA) is visible as a red stripe,
indicating blood flow heading towards the probe.
The anterior cerebral artery (ACA) appears as a blue
stripe, as the blood flows away from the probe in
the setting. The proximal segment (P1) of the pos-
terior cerebral artery (PCA) is seen as a red stripe,
while the distal part (P2) is seen as a blue stripe.
Once the MCA is located, the pulse wave Doppler
function should be selected, and the cursor adjust-
ed so the gate is directly in the middle of the MCA.

Transorbital
window

Submandibular
window

FIGURE 1. Acoustic windows used in transcranial colour-coded duplex (adapted with

permission from intensywna.pl)

FIGURE 2. Mesencephalic plane visible after placing the probe in
the temporal area. The landmark is the midbrain marked with a white
arrow. It resembles a butterfly with its wings pointed anteriorly
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FIGURE 3. Diencephalic (or third ventricle) plane. The third ventri-
cle is marked with a white arrow. The two parallel white lines are
located anterior to the midbrain
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After the engagement of the pulse wave Doppler,
the spectral waveform can be observed. Most de-
vices offer automatic measurements [2-9, 11].

The transorbital window is approached through
a closed eyelid using the linear or phased array
transducer. The transducer should be placed over
an eyelid. This window allows visualisation of the
ophthalmic artery, the carotid siphon, and the optic
nerve sheath. It should not be used in patients after
lens replacement surgery, as there may be side ef-
fects of insonation [2, 6, 11]. To protect the lens and
retina, the examination should be performed ac-
cording to the ALARA (as low as reasonably achiev-
able) principle. The acoustic output of the ultrasonic
instrumentation must be adjusted to the require-
ments of orbital sonography [16, 171.

The suboccipital window is localised between
the posterior margin of the foramen magnum and
the spinous process of the atlas (C1). The phased ar-
ray transducer should be placed midline or on each
side of the spinal column, 2.5 cm below the edge
of the skull, with an ultrasound beam aiming at
the bridge of the nose. The index marker should
point towards the eyeball. This window enables
the examiner to visualise the foramen magnum
and the intracranial portion of vertebral arteries and
the basilar artery (BA) [2, 6, 11].

The submandibular window is located at
the angle of the mandible. The linear probe should
be placed laterally under the jaw anterior and me-
dially to the sternocleidomastoid muscle. It is not
an acoustic window per se but allows an extracranial
approach to the distal segment of the extracranial
internal carotid artery (ICA). This enables one to cal-
culate the mean flow velocity (MFV) ratio between
the MCA and the ICA, which is called the Lindegaard
index (LI) (discussed in more detail in the “Vaso-
spasm” section) [2,6, 11, 18, 19] (Table 1).

PHYSICS OF SPECTRAL DOPPLER IMAGING

Echoes received by a probe are processed into
a spectral waveform [7]. The spectral waveform in
TCCD consists of three relevant components: (1) peak

TABLE 1. Insonation windows with their vasculature

systolic velocity (PSV), which depends on the cardiac

output and depicts systemic rather than cerebral

haemodynamics; (2) end diastolic velocity (EDV);

(3) and MFV.These values are measured incm s™.
MV =psy+ EPL2

These basic values are used to calculate the re-
sistance index (RI). Rl describes resistance to the
flow of blood into organs. When the resistance in-
creases, the blood flow during diastole (EDV) de-
creases. When EDV is zero, the Rl equals one [2, 13].

Rl= PSVP56DV

Gosling’s Pl describes quantitative changes in
the morphology of the TCCD waveform. It is one
of the most relevant parameters.

pl= PS‘/1355DV

Pl is proportional to the compliance of the arte-
rial wall, heart rate, and peripheral cerebrovascular
resistance. Pl estimates non-invasively intracranial
pressure (ICP) [2, 4, 11, 16, 19]. A result below 0.5
may be suggestive of a proximal narrowing or occlu-
sion. Pl between 0.5 and 1.2 is considered normal.
Pls higher than 1.2 suggest a distal occlusion. When
the blood flow hits the occlusion, the flow stops
abruptly, resulting in a decrease in diastolic flow,
reversed flow, or absent flow [3, 19].

Using TCCD, angle correction can be performed
to avoid a potential source of error. Angle correc-
tion improves the accuracy of TCCD for the detec-
tion of elevated ICP (Figure 4) [20].

APPLICATIONS IN ICU
Vasospasm

TCCD demonstrates sensitivity of 90% and speci-
ficity of 71% for the detection of severe vasospasm [4].
Vasospasm following subarachnoid haemorrhage
contributes to a 15-20% risk of stroke or death [3].
It is estimated that vasospasm occurs in 30-70% of
patients after aneurysm rupture. Typically, vaso-
spasm does not occur until day 3. Its frequency
peaks between days 6 and 12 and falls 15-20 days

indow | iy | Depthom W2l

Orbital Ophthalmic artery 40-50 Toward 16-26
Temporal Middle cerebral artery 35-60 Toward 46-86
Anterior cerebral artery 60-75 Away 41-76

Posterior cerebral artery 60-75 Toward 33-64

Suboccipital Vertebral artery 45-74 Away 27-55
Basilar artery 70-120 Away 30-57

The spectral measurement technique above was evaluated for blind transcranial Doppler by Aaslid. For transcranial colour-coded duplex it facilitates proper differentiation between vessels.
"Flow direction is described as toward or away from the transducer (below or above baseline of the spectral waveform).
“Mean flow velocity (MFV) stands for MFV in given arteries; it helps to set a proper pulse repetition frequency/scale to visualize the vessels.
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FIGURE 4. Comparison of transcranial colour-coded duplex (TCCD) without (A) and with angle correction (B). TCCD with angle correction
results in an increase of accuracy

after the haemorrhage [2]. Flow velocity (FV) is in-
versely proportional to the diameter of a vessel.
Therefore, the greater the severity of vasospasm,
the higher the blood FV. This can be observed un-
til the critical stenosis is reached and FV decreases.
The parameters needed to identify vasospasm are
PSV, EDV, MFV, and RI. The normal Doppler waveform
pattern of the MCA has a sharp systolic upstroke
with a stepwise diastolic deceleration (Figure 5).
A normal MFV for the MCA is usually 80 cm s™" or
lower. The MFV cut-off value for the absence of va-
sospasm in the MCA is below 120 cm s™'. Values be-
tween 120 and 200 cm s indicate mild to moderate
vasospasm. MFV higher than 200 cm s7' is indicative
of severe vasospasm. Increased values of MFV are
insufficient to diagnose vasospasm. The diagnosis
should include clinical assessment, as hyperaemia,

| S e | ek e DREE S e TRV
FIGURE 5. Normal Doppler waveform pattern of the middle cerebral
artery with a sharp systolic upstroke followed by a stepwise diastolic
deceleration

TABLE 2. Severity of vasospasm in relation to mean flow velocity (MFV) and Linde-

gaard index

Severty ofasospasm | MRV s | Lindegaardindex
Mild <120 <3
Moderate 120-150 3-6
Severe > 150 >6
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hypertension, or hypervolemia may be responsible
for vasospasm [2-5,7,13,15,19,21-23, 25-31].

To distinguish between these states, Lindegaard
etal. [32] created a ratio that compared MFV in both
MCA and ipsilateral extracranial ICA (elCA). The LI
grades the severity of vasospasm but used alone
does not differentiate vasospasm from other causes
of increased MFV.

Lindegaard index = MFV,, ,/MFV__,

MFV for MCA can be measured via a transtempo-
ral window, while MFV for elCA can be measured via
the cervical access using a linear probe. Pathologies
of carotid arteries, such as atherosclerotic plaques,
may affect blood FV and therefore alter LI [2-4, 6, 7,
9,11, 13, 23, 32-34] (Table 2).

Soustiel et al. [35] proposed a BA/extracranial ver-
tebral artery (BA/EVA) flow velocity ratio for assess-
ment of posterior circulation vessels. Flow velocity in
BA of 80 cm s7'is a threshold indicative of vasospasm.
The BA/EVA ratio > 2 indicates vasospasm (100% sen-
sitivity, 95% specificity).

There are no clear criteria of vasospasm for ACAs
and PCAs other than comparisons of daily increases
of velocities [36].

To distinguish the two causes of increased blood
FV, one may also evaluate a waveform during dias-
tole. Subsequent bedside examinations may be
necessary to detect vasospasm after a subarach-
noid haemorrhage, as it can occur within the first
two weeks. Monitoring trends in cerebral blood flow
velocities and comparing these values daily is essen-
tial, with a rapid rise of > 50 cm s™' over 24 hours
signalling a high risk for delayed cerebral ischaemia.
Clinical symptoms typically manifest at MFV around
160cmss™[2,3,7,13].

Intracranial pressure assessment
Elevated ICP causes a secondary brain injury
and contributes to worse patient outcomes [4].
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TCCD is a tool that allows assessment of ICP and ce-
rebral perfusion pressure (CPP) via different ultra-
sound-based methods. These techniques include
the analysis of blood FV and the optic nerve sheath
diameter (ONSD). In some cases, the measurement
of midline shift (MLS) may also be of use [4, 11, 19].

Analysis of flow velocity

The MCA is the most representative artery to
evaluate blood FV waveform. As cerebral arteries
are surrounded by parenchyma, the rising ICP re-
sults in increased resistance to flow and, therefore,
in a decrease in diastolic CBF velocities. Initially, ve-
locity in MCA increases during systole and decreases
in diastole. With further rise of ICP, the diastolic flow
diminishes until it is absent or reversed. Waveforms
become peaked and consequently Pl increases.
The end-stage intracranial hypertension results in
cerebral circulatory arrest and brain death (Figure 6)
[3,11,23].

While Gosling’s Pl reflects changes in TCCD
waveforms associated with ICP, it lacks precision
for exact ICP quantification. Various methods for
ICP and CPP estimation have been proposed, yet
none have achieved the accuracy required for ab-
solute ICP measurement [4, 5]. Czosnyka et al. [37]
presented a non-Pl formula with improved accuracy
for non-invasive CPP (nCPP) estimation.

The quantitative method of the Czosnyka equa-
tion allows one to assess non-invasive ICP (nICP):

NCPP = invMAP x (EDV/MFV) + 14

nlCP = invMAP - nCPP,

where invMAP stands for invasive mean arterial
pressure [37].

Other documented techniques are too com-
plex for routine clinical application. Consequently,
Pl-based ICP evaluations are more appropriate for
monitoring trends rather than determining precise
ICP levels. Compared to alternative approaches,
TCCD waveform analysis serves as a useful prelimi-
nary tool for ICP evaluation, facilitating the early de-
tection of elevated ICP and the potential need for
invasive monitoring [11, 23, 38, 39].

Optic nerve sheath diameter

The sheath around the optic nerve consists
of dura, arachnoid and pia mater, which contains
a small amount of cerebrospinal fluid (CSF). In-
crease of CSF pressure causes transmission of force
through the spaces and may be visualised as a dis-
tension of the ONSD. The distension of the ONSD
is seen especially in the anterior retro-bulbar com-
partment. There is a linear relationship between peri-
optic CSF pressure and ICP. According to the litera-
ture, ONSD increases in direct proportion to ICP, also
reflecting changes during osmotic therapy or carbon

ans™

FIGURE 6. Progressive waveform changes because of the increase in intracranial

pressure leading to cerebral circulatory arrest (adapted with permission from inten-

sywna.pl)

(PP — cerebral perfusion pressure, ICP — intracranial pressure

dioxide variations [7, 11, 40-42]. Similarly, ONSD has
a small value in the case of decreased ICP [40].
Sonography of the ONSD is performed using
a high-frequency linear probe (7.5 MHz or more).
The probe is placed carefully on the temporal part
of the closed upper eyelid using a thick layer of
ultrasound gel. The patient is in a supine position
with his head and upper body elevated 20-30°.
One should not exert pressure on the eyeball, to
avoid damaging it. The examination is performed
in B-mode in both transversal and sagittal planes.
If possible, the globe should be kept in the centre
of the imaging frame and the imaging axis should
be in line with the optic nerve where the optic nerve
is perpendicular to the globe and demonstrates its
maximum length along the image frame. The depth
should be set to visualise the space around 1.5 cm
behind the eyeball. The ONSD is measured 3 mm
posterior to the retina. The optic nerve is a hypo-
echogenic tortuous structure that extends poste-
rior to the retina. The hyperechogenic structure that
surrounds the nerve is the three-layer nerve sheath
(Figure 7) [7, 11, 40, 43-45]. To protect the lens and
retina, the examination should be performed ac-
cording to the ALARA (as low as reasonably achiev-
able) principle [16]. If available, the ocular preset
should be used. If this preset is unavailable, one

FIGURE 7. Example of optic nerve sheath diameter (ONSD) meas-
urement. The ONSD is measured 3 mm behind the retina along
the optic nerve (*) in a plane perpendicular to the optic nerve axis.
In this example, the ONSD value is 5.6 mm
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Physiology revision:

« CBF <30 mI/100 g min~' causes cell oedema,

Cerebral blood flow (CBF) is constant with a value of about 50 mL/100 g min~" in a wide range of
pressure from 50 to 150 mmHg. This feature is called cerebral autoregulation. Due to myogenic re-
sponse, the contraction of the cerebral artery occurs when the intravascular pressure is elevated and,
conversely, the vasodilation follows a decrease in pressure.

When the CBF falls below 50 mL/100 g min~!, cerebral ischaemia occurs.

+ CBF <50 mI/100 g min~' causes cellular acidosis,
« CBF <40 ml/100 g min~' leads to dysfunction of protein synthesis,

+ CBF <20 ml/100 g min~" leads to cessation of ion pumps in cell membranes,
+ CBF <10 ml/100 g min~" leads to brain death [24].

should manually adjust the thermal index (Tl) and
mechanical index (MI). The ONSD POCUS Quality
Criteria Checklist from 2024 recommends reducing
scan times and acoustic powers, as well as using Ml
<0.23 and Tl < 1. ONSD should be measured inde-
pendently from both sides [45].

Potential artefacts should be taken into conside-
ration. The retina may cast a hypoechogenic conic-
like shadow behind the ocular globe that mimics
an enlarged optic nerve sheath. In this case, colour
Doppler helps to distinguish these structures, since
the retinal artery and vein pass through the middle
of the optic nerve [7, 11, 46].

ONSD values between 4.8 and 6 mm reflect
the normal ICP that is < 15 mmHg. The meta-
analysis by Robba et al. [7] showed that sonogra-
phy of the ONSD has good diagnostic accuracy for
the evaluation of a binary model (present/absent),
especially when invasive ICP measurement methods
are unavailable or unwanted [11, 47-50].

The learning curve to perform ONSD measure-
ments includes as few as 10 scans for an expe-
rienced sonographer, whereas a novice sonogra-
pher should perform about 25 examinations to gain
performance competence [11, 40, 44].

Cerebral circulatory arrest

Brain death is defined as the irreversible loss
of all functions of the brain, including the brain-
stem [2]. TCCD has high accuracy in confirmation
of cerebral circulatory arrest (CCA). In many coun-
tries, it is used as a supplementary test to confirm
brain death [7, 49].

There are predictable, stepwise patterns of ce-
rebral blood flow changes corresponding to the in-
crease of ICP, decreased blood flow and herniation.
Increasing ICP leads to the arrest of the cerebral
arterial circle. The FV and waveforms are evalu-
ated in the middle cerebral, vertebral, and basilar
arteries. Initially, diastolic FV diminishes until ICP
equals diastolic arterial pressure and the veloc-
ity approaches zero. With a further increase in ICP,
diastolic flow reappears in the opposite direction

(oscillating or reverberating flow). When ICP is high
enough to cause arrest of cerebral blood flow, brief
systolic spikes with < 50 cm s™' peak systolic FV and
< 200 m s7' duration appear. They are followed by
the total disappearance of the Doppler waves (Fig-
ure 6) [2,3,11,13,23,51,52].

Both oscillating flow and systolic spikes are con-
clusive of cerebral circulatory arrest since they indi-
cate that anterior, posterior, and lateral arteries are
affected (Figure 8).To avoid errors, the patient should
be in normothermia (> 35.1°C). Systolic arterial pres-
sure during tests must be maintained over 80 mmHg
and heart rate below 120 min™. The criteria must be
met in bilateral middle cerebral, vertebral and basi-
lar arteries. It should also be highlighted that drugs
depressing the central nervous system do not inter-
fere with the TCCD measurements in this protocol.
The criteria may vary among countries, depending
on legislation at the national level [2, 3, 52-55].

The sensitivity of TCCD-based brain death diag-
nosis is 89% and its specificity is 98% [40, 47, 56].
Although TCCD is a reliable method, it requires
further confirmation and should not be used as
the only confirming technique [57]. As an operator-
dependent, experience-requiring technique, it has
a false-negative rate as high as 10-20%. Moreover,
residual blood flow may occur even after cerebral
arteriography, in ventricular shunt, or in anoxic en-
cephalography after cardiac arrest [53]. TCCD may be
an ancillary test before performing brain CT perfu-
sion or angiography. Analysis of characteristic wave-
forms in all the vessels of the circle of Willis through
the transtemporal and occipital windows is consis-
tent for CCA [5, 58, 59]. Two examinations should
be performed to confirm brain death. The sec-
ond trial should take place after 30 minutes [51].
According to Poltransplant (the Polish Centre for
the Transplantation of Cells, Tissues and Organs)
guidelines, TCD, not TCCD, is one of the mandatory
ancillary tests to diagnose brain death. It may be
performed by a physician certified by the Neuro-
sonology Section of the Polish Neurological Society
or after specialised training in TCD for confirmation
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of brain death. Cerebral circulatory arrest confirmed
with TCD is not exempt from clinical examinations to
diagnose brain death [60]. TCD is more feasible than
other techniques (e.g. angiography) without requir-
ing patient transport outside the ICU and is non-
invasive [6]. Although it is not common, the use of
ultrasound contrast agents could increase the rate
of any conclusive cerebrovascular TCCD studies.

Midline shift

Ultrasound detection of midline shift corre-
lates well with CT findings, which was confirmed in
a study by Bertuetti et al. [11] on neurocritically ill
patients. For midline shift above 0.25 cm in acute
severe MCA territory stroke, sensitivity is 83% and
specificity 100% [2, 53, 61]. Although CT remains
the gold standard for midline shift measurement,
ultrasound measurement could be considered for
trend assessment [2, 7]. It is also a good early predic-
tor in acute stroke patients [2, 11]. Clinically, midline
shift should be evaluated together with cerebral
blood flow measurements and right/left Pls com-
parison. In midline shift a discrepancy between CBF
and Pl is observed [3].

Midline shift = (distance A - distance B)/2,

where distance A is the distance between the ipsi-
lateral temporal bone and the third ventricle on one
side, and distance B is the same distance measured
via the other transtemporal window. The proper
midline shift value is zero. Midline shift higher than
0.5 cm is considered significant on head CT and cor-
relates with poor neurological outcome (Figure 9)
[15,23,62,63].

In 2012 Caricato et al. [64] compared TCCD re-
sults with CT scans in patients with decompressive
craniectomy. He assessed the midline in an axial
plane as the line between two lateral ventricles. In
this study, the falx cerebri both on frontal and oc-
cipital sides was localised and the distance between
its extension and the interventricular line was mea-
sured as MLS shift. This method was compared with
CT results and showed an excellent correlation be-
tween these two techniques.

Intracranial haematomas

Acute haematomas are hyperechogenicin ultra-
sound imaging, which corresponds histologically to
tightly packed intact erythrocytes [64]. This stage
lasts 1-5 days from the bleeding, and during this time
it is possible to visualise haematomas (Figure 10) [62].
Haematomas’ echogenicity changes over time due
to clot lysis. At this stage haematomas become
hypoechogenic in the centre and are surrounded
by a hyperechogenic halo [7, 64]. Brain ultrasono-

P 100%

FIGURE 8. Systolic spikes in the middle cerebral artery. Patient with
cerebral circulatory arrest

FIGURE 9. Measurement of the distance between the skull and
the third ventricle

P 5 MI0.84 TIC18

FIGURE 10. Hyperechogenic haematoma (59.7 x 40.3 mm) of
the left hemisphere

graphy allows insonation of both supratentorial and
infratentorial haematomas [7, 60]. Haematoma vol-
ume may be evaluated using the same equation as
CT: (A x B x C)/2, where A, Band C stand for dimen-
sions of the haematoma [7]. Some authors report
that hyperacute or acute haematomas visualised in
TCCD correspond well to CT findings [64, 65]. Never-
theless, while haematoma assessment may be pos-
sible, it is not a reliable method for their detection,
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FIGURE 11. Asymmetrical expansion of the lateral ventricles

and it is not applicable to the general population
[62, 64]. Non-contrast head CT remains the method
of choice for diagnosis and monitoring of intracra-
nial bleeding. TCCD may be considered helpful for
rapid bedside evaluation [61].

Hydrocephalus

CSF appears anechoic, whereas the ependymal
cells that line the cerebral ventricles are hyperecho-
genic (Figure 11). The third and lateral ventricles
are seen as double hyperechogenic lines, which al-
lows measurement of their parameters [6, 40, 66].
There is an excellent correlation between TCCD and
CT evaluation. TCCD can assess the need of exter-
nal ventricular drainage (EVD) and its safe removal.
The cut-off value for insertion of external drainage
is 5.5 mm in the lateral ventricles’ width [3, 67, 68].
Moreover, TCCD can visualise the external ven-
tricular drain tip [6]. A ventricular width lower than
5.5 mm is an indication for safe removal of EVD. Im-
portantly, the decisions on surgical management

of hydrocephalus should be based on CT imaging.
What is more, the presence of hydrocephalus does
not affect midline shift evaluation, since it is mea-
sured from the ipsilateral temporal bone to the mid-
dle of the third ventricle [3].

CONCLUSIONS

TCCD ultrasound has become an essential tool
in intensive care medicine, particularly in the mana-
gement of patients with traumatic brain injuries.
It assists clinicians in both diagnosis and treatment
monitoring by enabling the identification of vaso-
spasm following subarachnoid haemorrhage and
the detection of elevated intracranial pressure in
patients with both traumatic and non-traumatic
conditions. Although TCCD's use in diagnosing in-
tracranial haematomas and hydrocephalus is some-
what limited, it may still provide valuable diagnostic
clues. Additionally, TCCD serves as an ancillary tool
in the evaluation of cerebral circulatory arrest.

ESICM recommends TCCD insonation of the
MCA as a core skill for intensivists, particularly for
qualitative waveform analysis and Pl measurement
to assess cerebral perfusion status. Despite certain
limitations, TCCD is an evolving field with signifi-
cant potential to enhance the clinical management
of critically ill patients [69].
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Take-home messages:

and, in some cases, haematomas.

» Vasospasm is a severe consequence of aSAH: TCCD of the cerebral arteries allows its timely detection.

« There are three basic ultrasound methods to assess ICP: (1) analysis of flow velocity, (2) measurement
of the ONSD, and (3) evaluation of brain midline shift.

« Brain ultrasonography may allow the visualisation of hydrocephalus, cerebral emboli, occluded arteries,

« The characteristic spectral waveform indicates cerebral circulatory arrest and may be an ancillary test
before the confirmation of the diagnosis in an angio-CT scan.

REFERENCES

1. Robba C, Wong A, Poole D, Al Tayar A, Arntfield RT, Chew MS, et al.
Basic ultrasound head-to-toe skills for intensivists in the general and
neuro intensive care unit population: consensus and expert recom-
mendations of the European Society of Intensive Care Medicine.
Intensive Care Med 2021; 47: 1347-1367. DOI: 10.1007/s00134-021-
06486-z.

2. Rasulo FA, De Peri, E, Lavinio A. Transcranial Doppler ultrasono-
graphy in intensive care. Eur ] Anaesthesiol Suppl 2008; 42: 167-173.
DOI: 10.1017/50265021507003341.

3. Lau VI, Arntfield RB. Point-of-care transcranial Doppler by intensi-
vists. Crit Ultrasound J 2017; 9: 21. DOI: 10.1186/s13089-017-0077-9.

4. Robba C, Cardim D, Sekhon M, Budohoski K, Czosnyka M. Trans-
cranial Doppler: a stethoscope for the brain-neurocritical care use.
J Neurosci Res 2018; 96: 720-730. DOI: 10.1002/jnr.24148.

5. Robba C, Taccone FS. How I use transcranial Doppler. Crit Care
2019; 23: 420. DOI: 10.1186/513054-019-2700-6.

6. Robba C, Goffi A, Geeraerts T, Cardim D, Via G, Czosnyka M, et al.
Brain ultrasonography: methodology, basic and advanced principles
and clinical applications. A narrative review. Intensive Care Med 2019;
45:913-927. DOLI: 10.1007/s00134-019-05610-4.

7. Rasulo FA, Bertuetti R. Transcranial Doppler and optic nerve sonog-
raphy. J Cardiothorac Vasc Anesth 2019; 33 Suppl 1: $38-S52. DOI:
10.1053/j.jvca.2019.03.040.



Transcranial sonography: practical use in the intensive care unit

]

Nl

10.

1

—_

12.

13.

14.

15.

16.

17.

18.

19.

20.

2

—

22.

23.

24.

25.

26.

27.

28.

29.

. Robba C, Rigamonti A. Transcranial Doppler and transcranial color-

coded duplex sonography. In: Challenging Topics in Neuroanesthesia
and Neurocritical Care. Khan ZH (ed.). Springer; 2017, pp. 275-289.
DOTL: https://doi.org/10.1007/978-3-319-41445-4_24.

. Robba C, Poole D, Citerio G, Taccone FS, Rasulo FA; Consensus on

brain ultrasonography in critical care group. Brain ultrasonography
consensus on skill recommendations and competence levels within
the critical care setting. Neurocrit Care 2020; 32: 502-511. DOI:
10.1007/512028-019-00766-9.

Calviello L, Cardim D, Czosnyka M, Preller ], Smielewski P, Siyal A,
Damian MS. Feasibility of non-invasive neuromonitoring in general
intensive care patients using a multi-parameter transcranial Doppler
approach. J Clin Monit Comput 2022; 36: 1805-1815. DOI: 10.1007/
510877-022-00829-x.

. Bertuetti R, Gritti P, Pelosi P, Robba C. How to use cerebral ultrasound

in the ICU. Minerva Anestesiol 2020; 86: 327-340. DOI: 10.23736/
$0375-9393.19.13852-7.

Purkayastha S, Sorond E. Transcranial Doppler ultrasound: technique
and application. Semin Neurol 2012; 32: 411-420. DOI: 10.1055/s-0032-
1331812.

Kirsch J, Mathur M, Johnson MH, Gowthaman G, Scoutt LM. Ad-
vances in transcranial Doppler US: imaging ahead. Radiographics
2013; 33: E1-E14. DOI: 10.1148/rg.331125071.

Rodriguez CN, Splittgerber R. Transcranial Doppler (TCD) and
trancranial color-coded duplex sonography (TCCS): applied neuro-
anatomy. Neurosonology in Critical Care 2021; 117-146. DOI: https://
doi.org/10.1007/978-3-030-81419-9_7.

Montrief T, Alerhand S, Jewell C, Scott J. Incorporation of trans-
cranial Doppler into the ED for the neurocritical care patient. Am
J Emerg Med 2019; 37: 1144-1152. DOI: 10.1016/j.ajem.2019.03.003.
Chen LM, Wang L], Hu Y, Jiang XH, Wang YZ, Xing YQ. Ultra-
sonic measurement of optic nerve sheath diameter: a non-invasive
surrogate approach for dynamic, real-time evaluation of intracra-
nial pressure. Br ] Ophthalmol 2019; 103: 437-441. DOI: 10.1136/
bjophthalmol-2018-312934.

Toms DA. The mechanical index, ultrasound practices, and the
ALARA principle. ] Ultrasound Med 2006; 25: 560-561. DOI: 10.7863/
jum.2006.25.4.560.

Connolly F, Schreiber SJ, Leithner C, Bohner G, Vajkoczy P, Valdu-
eza JM. Assessment of intracranial venous blood flow after sub-
arachnoid hemorrhage: a new approach to diagnose vasospasm with
transcranial color-coded duplex sonography. ] Neurosurg 2018; 129:
1136-1142. DOI: 10.3171/2017.5.JNS17232.

Nagqvi J, Yap KH, Ahmad G, Ghosh J. Transcranial Doppler ultra-
sound: a review of the physical principles and major applications
in critical care. Int ] Vasc Med 2013; 2013: 629378. DOI: 10.1155/
2013/629378.

Rajajee V, Soroushmehr R, Williamson C, Najarian K, Ward K, Tiba H.
Transcranial color-coded sonography with angle correction as
a screening tool for raised intracranial pressure. Crit Care Explor
2023, 5: €0953. DOI: 10.1097/CCE.0000000000000953.

. Samagh N, Bhagat H, Jangra K. Monitoring cerebral vasospasm: how

much can we rely on transcranial Doppler. ] Anaesthesiol Clin Phar-
macol 2019; 35: 12-18. DOI: 10.4103/joacp.JOACP_192_17.

Stolz E. Intracranial pressure and veins. Vasa 2022; 51: 329-332. DOIL:
10.1024/0301-1526/2001028.

Lau VI, Jaidka A, Wiskar K, Packer N, Tang JE, Koenig S, et al. Bet-
ter with ultrasound: transcranial Doppler. Chest 2020; 157: 142-150.
DOI: 10.1016/j.chest.2019.08.2204.

Chambers D, Huang C, Matthews G. Podstawy fizjologii dla aneste-
zjologow, wydanie polskie. Warszawa: MediPage; 2017, pp. 214-215.
Kincaid MS, Souter MJ, Treggiati MM, Yanez ND, Moore A, Lam AM.
Accuracy of transcranial Doppler ultrasonography and single-photon
emission computed tomography in the diagnosis of angiographically
demonstrated cerebral vasospasm. ] Neurosurg 2009; 110: 67-72.
DOI: 10.3171/2008.4.17520.

Macdonald RL. Origins of the concept of vasospasm. Stroke 2016; 47:
ell-el5. DOI: 10.1161/STROKEAHA.114.006498.

Simm RE de Aguair PHP, de Oliveira Lima M, Paiva BL. Transcranial
Doppler as a routine in the treatment of vasospasm following subara-
chanoid hemorrhage (SAH). Acta Neurochir Suppl 2013; 115: 75-76.
DOI: 10.1007/978-3-7091-1192-5_16.

Robba C, Frigieri G, Brasil S, Taccone FS. Early prognostic value
of non-invasive intracranial pressure methods in brain-injured pa-
tients. Intensive Care Med 2022; 48: 1812-1814. DOI: 10.1007/s00134-
022-06899-4.

Tsaousi G, Tramontana A, Yamani F, Bilotta F. Cerebral perfusion
and brain oxygen saturation monitoring with: jugular venous oxygen

30.

3

—

32.

33.

34.

35.

36.

37.

38.

39.

40.

4

=

42.

43.

44.

45.

46.

47.

48.

49.

saturation, cerebral oximetry, and transcranial Doppler ultrasono-
graphy. Anesthesiol Clin 2021; 39: 507-523. DOI: 10.1016/j.anclin.
2021.03.009.

D’Andrea A, Fabiani D, Cante L, Caputo A, Sabatella F, Riegler L,
et al. Transcranial Doppler ultrasound: clinical applications from
neurological to cardiological setting. J Clin Ultrasound 2022; 50:
1212-1223. DOI: 10.1002/jcu.23344.

. Rajagopalan S, Sarwal A. Neuromonitoring in critically ill pa-

tients. Critical Care Med 2023; 51: 525-542. DOI: 10.1097/CCM.
0000000000005809.

Lindegaard KE. The role of transcranial Doppler in the management
of patients with subarachnoid haemorrhage - a review. Acta Neu-
rochir Suppl 1999; 72: 59-71. DOI: 10.1007/978-3-7091-6377-1_5.
Lin MP. Clinical application of transcranial Doppler in cerebrovas-
cular diseases. In: Advances in Cerebral Aneurysm Treatment. Inte-
chOpen; 2023.

Chan KH, Dearden NM, Miller JD, Midgley S, Piper IR. Transcranial
Doppler waveform differences in hyperemic and nonhyperemic pa-
tients after severe head injury. Surg Neurol 1992; 38: 433-436. DOI:
10.1016/0090-3019(92)90111-y.

Soustiel S, Shik V, Shreiber R, Tavor Y, Goldsher D. Basilar vasospasm
diagnosis: investigation of a modified “Lindegaard Index” based on
imaging studies and blood velocity measurements of the basilar ar-
tery. Stroke 2002; 33: 72-77. DOI: 10.1161/hs0102.100484.
Llompart-Pou J, Galarza L, Amaya-Villar R, Godoy DA. Transcranial
sonography in the critical patient. Med Intensiva 2024; 48: 165-173.
DOI: 10.1016/j.medine.2023.07.003.

Czosnyka M, Matta BF, Smielewski P, Kirkpatrick PJ, Pickard JD.
Cerebral perfusion pressure in head-injured patients: a noninvasive
assessment using transcranial Doppler ultrasonography. ] Neurosurg
1998; 88: 802-808. DOI: 10.3171/jns.1998.88.5.0802.

Xu W. Gerety P, Aleman T, Swanson J, Taylor J. Noninvasive methods
of detecting increased intracranial pressure. Childs Nerv Syst 2016;
32:1371-1386. DOI: 10.1007/s00381-016-3143-x.

Bellner J, Romner B, Reinstrup P, Kristiansson KA, Ryding E, Brandt
L. Transcranial Doppler sonography pulsatility index (PI) reflects in-
tracranial pressure (ICP). Surg Neurol 2004; 62: 45-51. DOI: 10.1016/
j.surneu.2003.12.007.

Lochner P, Czosnyka M, Naldi A, Lyros E, Pelosi P, Mathur S, et al. Op-
tic nerve sheath diameter: present and future perspectives for neuro-
logists and critical care physicians. Neurol Sci 2019; 40: 2447-2457.
DOI: 10.1007/510072-019-04015-x.

. Geeraerts T, Merceron S, Benhamou D, Vigué B, Duranteau J. Non-

invasive assessment of intracranial pressure using ocular sonography
in neurocritical care patients. Crit Care 2008; 34: 2062-2067. DOI:
10.1007/s00134-008-1149-x.

Geeraerts T, Launey Y, Martin L, Pottecher J, Vigué B, Duranteau J,
Benhamou D. Ultrasonography of the optic nerve sheath may be useful
for detecting raised intracranial pressure after severe brain injury. Inten-
sive Care Med 2007; 33: 1704-1711. DOI: 10.1007/s00134-007-0797-6.
Bauerle J, Lochner P, Kaps M, Nedelmann M. Intra-and interob-
sever reliability of sonographic assessment of the optic nerve sheath
diameter in healthy adults. ] Neuroimaging 2012; 22: 42-45. DOI:
10.1111/§.1552-6569.2010.00546.x

Sobczyk D, Andruszkiewicz P, Andres J. Ultrasonografia w stanach
zagrozenia Zycia i intensywnej terapii. Wydanie I. Krakéw: Polska
Rada Resuscytacji; 2012, pp. 269-271.

Hirzallah MI, Lochner P, Hafeez MU, Lee AG, Krogias C, Dongar-
war D, et al. Optic nerve sheath diameter point-of-care ultrasonog-
raphy quality criteria checklist: an international consensus statement
on optic nerve sheath diameter imaging and measurement. Crit Care
Med 2024; 52: 1543-1556. DOI: 10.1097/CCM.0000000000006345.
Copetti R, Cattarossi L. Optic nerve ultrasound: artifacts and real im-
ages. Intensive Care Med 2009; 35: 1488-1489. DOI: 10.1007/s00134-
009-1494-4.

Robba C, Santori G, Czosnyka M, Corradi F, Bragazzi N, Padayachy L,
et al. Optic nerve sheath diameter measured sonographically as
non-invasive estimator of intracranial pressure: a systematic review
and meta-analysis. Intensive Care Med 2018; 44: 1284-1294. DOI:
10.1007/s00134-018-5305-7.

Kimberly HH, Shah S, Marill K, Noble V. Correlation of optic nerve
sheath diameter with direct measurement of intracranial pressure.
Acad Emerg Med 2008; 15: 201-204. DOI: 10.1111/j.1553-2712.
2007.00031.x.

Escudero D, Valentin MO, Escalante JL, Sanmartin A, Perez-
Basterrechea M, de Gea J, et al. Intensive care practices in brain death
diagnosis and organ donation. Anaesthesia 2015; 70: 1130-1139. DOI:
10.1111/anae.13065.

275



Aleksandra Baska, Krystian Sporysz-Janiec, Monika Figura, Pawet Andruszkiewicz, Mateusz Zawadka

50. Munakomi S, Das JM. Intracranial pressure monitoring. In: StatPearls
[Internet]. Treasure Island (FL): StatPearls Publishing; 2025.

51. Bonow RH, Young CC, Bass DI, Moore A, Levitt MR. Transcra-
nial Doppler ultrasonography in neurological surgery and neuro-
critical care. Neurosurg Focus 2019; 47: E2. DOI: 10.3171/2019.9.
FOCUS19611.

52. Caldas ], Rynkowski CB, Robba C. POCUS, how can we include
the brain? An overview. ] Anesth Analg Crit Care 2022; 2: 55. DOI:
10.1186/544158-022-00082-3.

53. Wojczal J. Ultrasonograficzne kryteria rozpoznania zatrzymania
krazenia mézgowego. Pol Przegl Neurol 2008; 4 Suppl A: 53-54.

54. Wiles MD. Ancillary tests to support the diagnosis of death using
neurological criteria: certainty in uncertain times? Anaesthesia 2023;
78: 816-819. DOI: 10.1111/anae.15986.

55. Lewis A, Liebman J, Kreiger-Benson E, Kumpfbeck A, Bakkar A,
Shemie SD, et al. Ancillary testing for determination of death by neu-
rologic criteria around the world. Neurocrit Care 2021; 34: 473-484.
DOI: 10.1007/512028-020-01039-6.

56. Kasapoglu US, Haliloglu M, Bilgili B, Cinel I. The role of transcra-
nial doppler ultrasonography in the diagnosis of brain death. Turk
] Anaesthesiol Reanim 2019; 47: 367-374. DOI: 10.5152/TJAR.
2019.82258.

57. Lambeck J, Strecker C, Niesen WD, Bardutzky J. Exclusive color-
coded duplex sonography of extracranial vessels reliably confirms
brain death: a prospective study. Front Neurol 2022; 13: 992511. DOI:
10.3389/fneur.2022.992511.

58. Consensus Group on Transcranial Doppler in Diagnosis of Brain
Death. Latin American Consensus on the use of transcranial Dop-
pler in the diagnosis of brain death. Rev Bras Ter Intensiva 2014; 26:
240-252. DOI: 10.5935/0103-507x.20140035.

59. Pedicelli A, Bartocci M, Lozupone E, D’Argento F, Alexandre A, Ga-
rignano G, et al. The role of cervical color Doppler ultrasound in the
diagnosis of brain death. Neuroradiology 2019; 61: 137-145. DOI:
10.1007/s00234-018-2111-4.

60. https://www.poltransplant.pl/Download/BD/Rozpoznanie_smierci_
mozgu_uwagi_praktyczne.pdf (Accessed: 29.10.2023).

61. Motuel ], Biette I, Srairi M, Mrozek S, Kurrek MM, Chaynes P, et al.
Assessment of brain midline shift using sonography in neurosurgi-
cal ICU patients. Crit Care 2014; 18: 676. DOI: 10.1186/s13054-014-
0676-9.

62. Sigman EJ, Laghari FJ, Sarwal A. Neuro point-of-care ultrasound.
Semin Ultrasound CT MRI 2024; 45: 29-45. DOI: 10.1053/j.sult.
2023.12.005.

63. Robba C, Citerio G. Echography and Doppler of the brain. Springer;
2021.

64. Caricato A, Mignani V, Bocci M, Pennisi MA, Sandroni C, Tersali A,
et al. Usefulness of transcranial echography in patients with de-
compressive craniectomy: a comparison with computed tomogra-
phy scan. Crit Care Med 2012; 40: 1745-1752. DOI: 10.1097/CCM.
0b013e318246b6ea.

65. Santamarina Pérez E, Delgado-Mederos R, Rubiera M, Delgado P,
Rib6é M, Maisterra O, et al. Transcranial duplex sonography for
monitoring hyperacute intracerebral hemorrhage. Stroke 2009; 40:
987-990. DOI: 10.1161/STROKEAHA.108.524249.

66. Seidel G, Kaps M, Gerriets T, Hutzelmann A. Evaluation of the ven-
tricular system in adults by transcranial duplex sonography. ] Neuro-
imaging 1995; 5: 105-108. DOI: 10.1111/jon199552105.

67. Widehem R, Bory P, Greco E Pavillard F, Chalard K, Mas A, et al.
Transcranial sonographic assessment of the third ventricle in neuro-
ICU patients to detect hydrocephalus: a diagnostic reliability pilot
study. Ann Intensive Care 2021; 11: 69. DOI: 10.1186/s13613-021-
00857-x.

68. Kiphuth IC, Huttner HB, Struffert T, Schwab S, Kéhrmann M. So-
nographic monitoring of ventricle enlargement in posthemorrhagic
hydrocephalus. Neurology 2011; 76: 858-862. DOI: 10.1212/WNL.
0b013e31820f2¢0f.

69. Robba C, Wong A, Poole D. Basic ultrasound head-to-toe skills for
intensivists in the general and neuro intensive care unit population:
consensus and expert recommendations of the European Society
of Intensive Care Medicine. Intensive Care Med 2021; 47: 1347-1367.
DOI: 10.1007/500134-021-06486-z.

276



