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Abstract

As clinical and imaging expertise has grown, technology and technique have advanced, and transducers for Doppler and colour

Doppler imaging have become more widely available, advancements in neurosonographic diagnosis of cerebro-spinal disorders have

progressed. Nowaday not only trans (TCD) and intra (iCD) cerebrospinal ultrasound imaging are being used but are collaborated

with the latest possible imaging techniques to get fruitful outcome for a potential treatment of the condition. Some of the develop-

ments in neurosonographic diagnosis are discussed in this article.
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Introduction

Diagnosis of cerebral and spinal abnormalities by diagnostic
ultrasonography has increased over time, whether they are con-
genital or acquired. If these conditions are detected early, they
might have a better chance of being treated. A prompt diagnosis
may not only prevent progressive sequelae but may also shed light
on several potential treatment strategies. For examining the brain
and spine, diagnostic medical sonography has significant benefits
over other medical imaging techniques. It offers a rapid, affordable
method that is safe (no ionising radiation exposure). As long as the
cranium and vertebral column have not fully developed, neonates
can also be seen using cerebral and spinal diagnostic medical so-
nography. Additionally, it can spot abnormalities in normal cere-
bro-spinal anatomy, congenital defects, and acquired disorders
brought on by birth trauma and lumbar punctures. In addition to
2D imaging, diagnostic medical sonography also offers 3D, extend-
ed field of view (EFOV), and M-mode imaging.

Currently, there is no reliable non-invasive way to measure
abrupt changes in CBF in newborn humans. The experimental tech-
niques used to measure CBF in animals utilising electromagnetic
flowmeters [30], radioactive tracers [37], and microspheres [36]
are not transferable to humans and are being used in animals only.
Radioactive xenon has been injected or inhaled into human adults
[17,33]and babies [26,28] though its use in infants is restricted due
to the invasive nature of the procedure and the radioactive chemi-

cal involved.

Although noninvasive, occlusion plethysmography in newborn
newborns measures both extracranial and intracranial blood flow
[6,7,24]. All of these techniques only allow for single or sporadic
assessments; they do not allow for the detection of rapid changes
in CBF. Transcutaneous Doppler ultrasound has recently been uti-
lised to analyse changes in blood velocity in order to examine the

cerebral circulation in human adults [15,35] and neonates [3]. This
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method has the benefits of being non-intrusive and offering con-
tinual information. Its shortcomings include the challenge of deter-
mining the relationship between blood flow and velocity, as well as
the difficulty of standardising the angle between the Doppler probe
and the blood artery.

The significance of Doppler ultrasound in monitoring brain
hemodynamics through the open anterior fontanelle in newborn
humans was first acknowledged by Bada., et al. [3]. Instead of di-
rectly detecting blood velocity, they calculated the PI in an effort to
reduce the Doppler's limitations. Because it is a ratio, the PI is be-

lieved to be an index of CVR and is less affected by probe location.

Doppler ultrasonography

A physicist named Christian Doppler first outlined an effect in
1843 that demonstrated how the apparent frequency of sound
coming from a moving source might change [41]. One of the best
methods for observing the vertebral canal and spinal cord directly
during surgery to determine whether there are any changes is ul-
trasonography [12]. Most small animals' brains can be sufficiently
scanned using a high-frequency transducer (7.5-12 MHz), giving
the best resolution [12]. Our capacity to view and assess the vascu-
lature supplying the brain and spinal cord has increased thanks to
the development of colour-flow Doppler imaging (CFDI) and Dop-
pler spectrum analysis [18,21].

Five methods of imaging by employing Doppler principle
¢  Continuous wave Doppler
e Pulsed wave Doppler
e  Colour Doppler
¢  Power Doppler

e  Spectral Doppler or Duplex scanning

The three Doppler formats frequently utilised in veterinary
medicine are pulse wave (PW), continuous wave (CW), and colour
doppler ultrasonography [8,11].

e Continuous wave Doppler (CW): Two piezoelectric crys-
tals are used. It is used to detect blood flow but does not
provide data on the depth, direction, or speed of the flow.
Site-independent and utilised for velocities greater than 1.5
m/s is CW Doppler [23].
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e Pulsed wave Doppler (PW): method for determining
depth. Three fundamental technological requirements must
be met in order to detect such mobile structures: high pulse
repetition frequency, optimal transducer frequency, and in-
sonation angle (less than 60°). Site-specific and particularly

useful for low velocity (1.5 m/s) is pulsed wave doppler.

e  Colour Doppler (CD): Pulse packets refer to pulse signals.
Red indicates a flow direction toward the transducer, while
blue indicates a flow direction away from the transducer.

¢ Power Doppler or Energy mode imaging: Imaging using
Power Doppler or Energy mode calculates the intensity/am-

plitude

Power Doppler has several advantages over colour flow imag-
ing, including
e  Greater sensitivity to flow states
e Angle effects are not taken into account

e Aliasing, is not applicable

Disadvantages
e Velocity and direction cannot be assessed.

e  Flash artefacts are signals from soft tissues.

Spectral Doppler

Vascular flow imaging using Duplex scanning (B mode + Pulsed
wave Doppler) using Spectral Doppler. In order to diagnose steno-
sis, its severity, and the associated flow irregularities, sets of these

indices must be applied.

Area of interest

Canine brain weighs 1% of its body weight yet uses 8% of its
heart's total work output [34]. Understanding the spinal cord's
vascular structure fundamentally is necessary for CFDI and Dop-

pler spectrum analysis [18].

Brain

In 1664, Sir Thomas Willis researched on the basal intracranial
arteries' anatomy. The internal carotid artery and its branches,
along with the vertebral and basilar arteries, form the anterior and
posterior circulatory systems, respectively, and are connected by
the circle of Willis.
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The anterior cerebral arteries (ACA) and middle cerebral arter-
ies (MCA) are formed by the division of the internal carotid arteries
(ICA), which enter the cranial cavity through the foramen lacerum
(MCA). An anterior communicating (ACOM) artery connects the
ACA to one another. The basilar artery, which runs over the ventral
side of the pons and divides into the right and left posterior cere-
bral arteries, is formed posteriorly by the union of the right and left
vertebral arteries (PCA). To complete the posterior portion of the
Willis circle, the ICA on either side is joined to the PCAs via poste-

rior connecting arteries [38].

In the case of proximal vascular obstruction, blood is diverted
into the circle of Willis, a natural collateral channel. Only 18 to 20%
of people have a full circle of Willis with balanced arterial pairs,

nevertheless, because of numerous anomalies.

Spinal cord

Vertebral arteries run along the spinal cord's central (centrifu-

gal) and peripheral (centripetal) sides, respectively.

Cerebral blood flow (CBF) is maintained constant by cerebral
autoregulation over a broad range of cerebral perfusion pressure.
However, damage or a change in the cerebral auto regulatory re-
sponse may result from intravenous and volatile anaesthetics, cere-
brovascular diseases, and trauma to the central nervous system. As
a result, there are numerous methods for keeping track of changes
in cerebral hemodynamic. These include the venous outflow tech-
nique and the ingestion or inhalation of 133 Xe [16]. These intru-
sive techniques, though, are only occasionally used in veterinary

medicine.

Trans-cranial or trans-spinal duplex ultrasound

Aaslid devised the transcranial Doppler ultrasonography (TCD)
technique [1]. It is a non-invasive procedure that may be used re-
peatedly and has no contraindications, allowing for the real-time
assessment of blood flow velocity in the main cerebral arteries of
individuals [1,29] Through the non-invasive assessment of CBF
velocity, TCD may be helpful in identifying changes in CBF during

excessive hemodynamic changes.

Blood flow is typically determined as the product of the mean
blood flow velocity and the cross-sectional area of the blood ves-
sels. CBF velocity, however, does not always correspond to changes

in blood vessel cross-sectional area. As the diameter of the main
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trunk of the cerebral arteries barely changes, significant altera-
tions in cerebral arteries are caused at the microcirculatory level
[13]. As a result, an increase in CBF velocity seems to be more

closely related to an increase in CBE.

Transcranial doppler ultrasound (TCD) methodologies

Assessment of Vessel can be done by three different windows in
animals they are left temporal window, right temporal window and
sub-occipital window. Sequence of assessment include left rostral
communicating artery, middle cerebral artery, and caudal cerebral
artery through left temporal window, the basilar artery via sub oc-
cipital window and the right rostral communicating artery, middle
cerebral artery, and caudal cerebral artery utilizing the right tem-

poral window.

The temporal region's dorsal to zygomatic arch is known as the
temporal window [10]. Based on the flow direction and response
to brief ipsilateral common carotid artery closure for three sec-
onds, an artery can be identified. For basilar artery imaging, the
sub occipital window is used. By gently moving the head and ex-
panding the depth of the sample volume area, the basilar artery
can be more easily identified. B mode is used to locate the foramen
magnum, while Doppler colour mode is used to identify the verte-

bral arteries [10].

A typical low-resistance curves is seen when the rostral cere-
bral artery is scanned close to where it splits off from the internal
carotid artery, with a flow going away from the probe and the curve
showing below the baseline. Blood flow is reduced or its direction
is reversed when the ipsilateral carotid artery is squeezed. Blood
flow is toward the probe and the curve is above the baseline when
the middle cerebral artery is assessed close to where it split off
from the internal carotid artery. Blood flow in the middle cerebral
artery is reduced and, in some dogs, stopped when the ipsilateral

carotid artery is squeezed.

Blood flow is towards the probe and the curve is above the base-
line when the caudal cerebral artery is assessed close to where it
separates from the caudal communicating artery. The caudal cere-
bral artery's diameter is smaller than that of the middle cerebral
artery, and compression of the ipsilateral carotid artery does not
have any effect on the caudal cerebral artery's Doppler spectral

pattern.
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Basal artery colour flow images can be best seen in real-time
with transcranial color-coded sonography, because the insonation
angle may be adjusted, it allows for accurate blood flow velocity

measurement and definite vessel identification [4].

Trans-spinal doppler ultrasound (TSD) methodology

The blood flow in vertebral arteries is in the direction of the
probe. The foramen magnum allows for the visualisation of the
paired vertebral arteries. From the intersection of the vertebral
arteries, the basilar artery expands ventrally. The basilar artery's
blood flow is away from the probe, which causes the curve to be

below the baseline.

An evaluation of the normal cord morphology is a part of a sono-
graphic examination of the spinal cord. In the subarachnoid space's
anechoic CSF the spinal cord is located in the spinal canal. An echo-
genic line dorsal and ventral to the canal indicates the dura mater,
which surrounds the canal. The arachnoid sheet, which lines the
cord and displays an echogenic line parallel to the surface of the
chord, lines the cord. The cervical and lumbar sections of the spinal
cord have the biggest diameters. The conus medullaris, which ex-
pands and becomes the filum terminale, is formed caudally by the
tapering of the lumbar enlargement. The cauda equina's echogenic
nerve roots surround the echogenic cord-like structure known as
the filum terminale. It is challenging to separate the two for this
reason. The filum terminale, however, frequently exhibits greater
echogenicity than the nearby cauda equina. The filum terminale

typically has a thickness of 2 mm or less [19].

The spinal cord shows as a centrally located, hypoechoic, cylin-
drical structure on a sagittal scan. These are the main echo com-
plexes. Between the dorsal and ventral borders of the spinal canal,
the normal cord is located halfway to one third of the way down.
The thoracic and lumbar spinal cords appear more circular on a
transverse view, while the cervical spinal cord has an oval appear-
ance. In the conus medullaris, the cord's bulk starts to diminish.
One or two echogenic spots appear in the cord's middle as the cen-
tral echo complex. Typically, the conus level terminates at T12 and
L1 or L2. It should be regarded as abnormal if it finishes at the L2-
L3 disc space or lower.

Typically, the conus level terminates at T12 and L1 or L2. It
should be regarded as aberrant if it finishes at the L2-L3 disc space

59
or lower, and one should search for any tethering masses [19]. But
it should be emphasised that a normal chord can sometimes be
found around L3, especially in premature infants. The spinal cord
should be at the centre of the canal in its usual position. Echogenic
dentate ligaments that extend laterally from the chord's sides sta-
bilise the spinal cord. M-mode can be used to demonstrate the

rhythmic movement that the healthy spinal cord produces.

Intracranial or intraspinal ultrasound

Intraoperative ultrasonography (I0S) of the brain and spinal
cord is performed following operations such ventral slots, lami-
nectomies, or hemilaminectomies because of its bony cover [31],
examination of the spinal cord and vertebral canal conditions in
real time. Estimating the spinal cord lesion's vascularization and

magnitude is one of its primary advantages.

Methodology

Intraspinal or intracranial ultrasound is done by window for-
mation in the spine or skull respectively. Sterile saline (0.9 percent
NaCl) solution is injected into the site in an attempt to prepare
it for ultrasound. The surgical wound is filled with saline, and a
broadband, 12-MHz, linear ultrasound probe is positioned 0.5 cm

away from the spinal cord [32].

Parameters To be assessed
e Resistivity Index (RI)
e Pulsatility Index (PI)

e  Systolic to Diastolic Ratio

Because there is typically low resistance in the intracranial ar-
teries, blood flow is visible both during systole and the entire dias-
tole. Systolic and diastolic flow relationships are measured by the
resistive index, which is calculated as peak systolic flow velocity
(PSV) minus end diastolic flow velocity (EDV) divided by PSV, and
the pulsatility index, which is calculated as PSV minus EDV divided
by mean flow velocity. The vessels in the Willis circle have resis-
tive indices that vary from 0.5 to 0.8 [26]. All flow velocities rise
linearly with increasing gestational age or infant weight, indicating

no change in the resistive or pulsatility index's typical values [9].

Cerebro-spinal conditions, doppler parameters and their in-

terpretation

Studies on brain perfusion have revealed a strong link between

mean flow velocities and perfusion. A great way to image and eval-
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uate the vessels of the circle of Willis, especially the middle cere-
bral artery in its echogenic fissure, is with transcranial sonography
and doppler imaging. Better Doppler information can be gained
from the nearly parallel relationship between the transducer and
the artery than from the transfontanelle technique, which produc-

es frequency changes that are close to zero (cos 900 = 0).

Transcranial Doppler sonography of the middle cerebral and
basilar arteries is highly effective technique for assessing cerebral
blood flow in dogs during hypotension and hypertension. Addi-
tionally, Doppler ultrasonography can be used to evaluate cerebral
ischemia in dogs, and dogs with clinical symptoms of hydrocepha-
lus had much higher RIs. The first month following delivery saw
an increase in blood flow velocity, according to Doppler ultrasound

research [19].

With sufentanil and propofol, cerebral blood flow has been
observed to significantly decrease [40]. When dogs are sedated
with isoflurane, no alterations in the pulsatility index (PI) or peak
systolic velocity (PSV) in the basilar artery is seen [25]. Following
mannitol administration, the resistance index (RI) in the canine

rostral and caudal cerebral arteries increases [39].

Contrast neurosonography (CEUS)

Technical restrictions on transcranial Doppler ultrasonography
include high degree of ultrasonic reflection and scattering, which
results in a significant loss of energy, intracranial imaging is fur-
ther constrained by the difficulty in detecting faint signals in cases
of severely restricted blood flow, high grade stenosis, and cerebral
vasospasm. Due to the high ultrasound emission energy required
as a result of these restrictions, numerous ultrasound artefacts are
created. Due to the high sample volume and associated increase in
ultrasonic beam dispersion, the signal-to-noise ratio and spatial
resolution are both compromised. As a result, many echo contrast
agents, such as the galactose-based microbubble Levovist, were
created and are now accessible for contrast enhanced neurosonog-

raphy research [5].

Parameters to be assessed
e Latency period (TA) (In sec)

e Duration of optimum homogenous enhancement without

fragmentation (In sec)

e Duration of Doppler signal enhancement above 3dB (In sec)
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3D Ultrasonography

Planning and directing surgery for the spine and the brain us-
ing neuronavigation equipment has become common practise [14].
Standard 2D grayscale ultrasound images are transformed into a
volumetric dataset using the three-dimensional (3D) ultrasound
approach [22]. There is also a technology that creates the 3D US
volume from digital raw data. By moving or tilting a pre-calibrated,
tracked US probe across the area of interest, 100 to 200 2D pho-
tos are combined to form a 3D US volume. Creating a new 3D US
volume, which might include both tissue and power Doppler data,

takes roughly a minute.

Image fusion technique

In the realm of neuroradiology, ultrasound fusion is a new ap-
proach. Displaying live ultrasound data in conjunction with a refer-
ence series obtained from a different modality, such as CT, MR, or
PET [2]. This display improves ultrasound interpretation by allow-
ing direct comparison with the reference images taken from the
same advantage point [2]. Fusion imaging in neurology may make

it easier to analyse vascular imaging

Conclusion

For early brain imaging while the fontanelles are still open,
neurosonography continues to be the method of choice due to
its affordability, mobility, and safety. The clinical use of advance-
ments in neurosonography, such as 3-dimensional (3D) imaging,
quantitative tissue characterisation, and contrast usage, is still in
the research stage. Further study in these specialised fields will en-
able more precise measurement of important indicators of patient

outcome.

Bibliography
1. Aaslid R, et al “Noninvasive trans-cranial Doppler ultrasound

recording of flow velocity in basal cerebral arteries”. Journal of
Neurosurgery 57 (1982): 769-774.

2. Arbel T, et al. “Automatic non-linear MRI-ultrasound registra-
tion for the correction of intra-operative brain deformations”.
Computer Aided Surgery 9.4 (2004): 123-136

3. Bada HS, et al. “Noninvasive diagnosis of neonatal asphyxia
and intraventricular hemorrhage by Doppler ultrasound”. The
Journal of Pediatrics 95 (1979): 775.

Citation: Swapan Kumar Maiti, et al. “Advancement in Assessment of Cerebral and Spinal Circulation using Ultrasonography in Veterinary Practice - A

Review". Acta Scientific Veterinary Sciences 4.10 (2022): 56-62.


https://pubmed.ncbi.nlm.nih.gov/7143059/
https://pubmed.ncbi.nlm.nih.gov/7143059/
https://pubmed.ncbi.nlm.nih.gov/7143059/
https://pubmed.ncbi.nlm.nih.gov/16192052/
https://pubmed.ncbi.nlm.nih.gov/16192052/
https://pubmed.ncbi.nlm.nih.gov/16192052/
https://pubmed.ncbi.nlm.nih.gov/490249/
https://pubmed.ncbi.nlm.nih.gov/490249/
https://pubmed.ncbi.nlm.nih.gov/490249/

Advancement in Assessment of Cerebral and Spinal Circulation using Ultrasonography in Veterinary Practice - A Review

10.

11.

12.

13.

14.

15.

Bogdahn U,, et al. “Transcranial colour-coded real-time sonog-
raphy in adults”. Stroke 21 (1990): 1680-1688.

Chung W, et al. “Quantitative evaluation of contrast enhanced
transcranial Doppler signal using galactose based echo-con-
trast agent in dogs”. The Journal of Veterinary Medical Science
68.6 (2006): 597-601.

Cooke RWL,, et al. “Measurement of Cerebral Blood Flow in the
Newborn”. In: Stern L. Oh W, and Friis-Hansen “B.: Intensive
Care in the Newborn 11 (1978): 127.

Cross KW, et al. “An estimation of intracranial blood flow in the
newborn infant”. The Journal of Physiology 289 (1979): 329.

Darke PGG. “Doppler echocardiography”. Journal of Small Ani-
mal Practice 33 (1992): 104-112.

Deeg K and Rupprecht T. “Pulsed Doppler sonographic mea-
surement of normal values for the flow velocities in the intra-
cranial arteries of healthy newborns”. Pediatric Radiology 19
(1989): 71-78.

Duque F]., et al. “Assessing Circle of Willis blood circulation in
dogs with transcranial colorcoded duplex sonography”. Veteri-
nary Radiology and Ultrasound 50 (2009): 530-535.

Gaber CE. “Normal pulsed Doppler flow velocities in adult
dog”. Proceeding 5% American Internal Medicine Forum
(1987): 119.

Galloway AM.,, et al. “Correlative imaging findings in seven
dogs and one cat with spinal arachnoid cysts”. Veterinary Radi-
ology and Ultrasound 40 (1999): 445-452.

Giller CA,, et al. “Cerebral arterial diameters during changes in
blood pressure and carbon dioxide during craniotomy”. Neuro-
surgery 32 (1993): 737-742.

Gronningsaeter A, et al. “SonoWand, an ultrasound-based neu-

ronavigation system”. Neurosurgery 47 (2000): 1373-1379.

Hauge A, et al. “Changes in cerebral blood flow during hyper-
ventilation and C02-breathing measured transcutaneously in
humans by a bidirectional. pulsed. ultrasound doppler blood
velocitymeter”. Acta Physiologica Scandinavica 110 (1980):
167.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

61
Heymann MA, et al. “Blood flow measurements with radionu-
clide labeled particles”. Progress in Cardiovascular Diseases 20
(1977): 55-79.

Hoedt-Rasmussen K., et al. “Regional cerebral blood flow in
man determined by intra-arterial injection of radioactive inert
gas”. Circulation Research 18 (1966): 237.

Hudson JA Buxton DF, et al. “Color flow Doppler imaging and
Doppler spectral analysis of the brain of neonatal dogs”. Veteri-
nary Radiology and Ultrasound 38 (1997): 313-322.

Judith A Hudson,, et al. “Neurosonography”. Veterinary Clinics
of North America: Small Animal Practice 28.4 (1998): 943-972.

Jones JC,, et al. “Effects of experimental nerve root compres-
sion on arterial blood flow velocity in the seventh lumbar
spinal ganglion of the dog: Measurement using intraoperative
Doppler ultrasonography”. Veterinary Radiology and Ultra-
sound 37 (1996): 133-140.

Jodicke A., et al. “Real-time integration of ultrasound into neu-
ronavigation: technical accuracy using a light-emitting-diode-
based navigation system”. Acta Neurochirurgica (Wien) 146
(2004): 1211-1220.

Kienle RD and Thomas WP. “Echocardiography”. In: Nyland,
T.G.Mattoon, ].S. (Eds.), Small Animal Diagnostic Ultrasound.
W. B. Saunders Co., Philadelphia (2002): 354-423

Leahy FAN., et al. “Quantitative noninvasive method to mea-
sure cerebral blood flow in newborn infants”. Pediatrics 64
(1979): 277.

Lee K, et al. “Spectral waveform analysis of major arteries in
conscious dogs by Doppler ultrasonography”. Veterinary Radi-
ology and Ultrasound 45 (2004): 166-171.

Lou HC,, et al. “Impaired autoregulation of cerebral blood flow
in the distressed newborn infant”. The Journal of Pediatrics 94
(1979): 118.

Madison AM.,, et al. “Noninvasive assessment of intracranial
pressure in dogs by use of biomechanical response behavior,
diagnostic imaging, and finite element analysis”. American
Journal of Veterinary Research 76 (2015): 667-678.

Citation: Swapan Kumar Maiti, et al. “Advancement in Assessment of Cerebral and Spinal Circulation using Ultrasonography in Veterinary Practice - A
Review". Acta Scientific Veterinary Sciences 4.10 (2022): 56-62.


https://pubmed.ncbi.nlm.nih.gov/2264074/
https://pubmed.ncbi.nlm.nih.gov/2264074/
https://pubmed.ncbi.nlm.nih.gov/16820717/
https://pubmed.ncbi.nlm.nih.gov/16820717/
https://pubmed.ncbi.nlm.nih.gov/16820717/
https://pubmed.ncbi.nlm.nih.gov/16820717/
https://pubmed.ncbi.nlm.nih.gov/9432110/
https://pubmed.ncbi.nlm.nih.gov/9432110/
https://pubmed.ncbi.nlm.nih.gov/9432110/
https://pubmed.ncbi.nlm.nih.gov/458665/
https://pubmed.ncbi.nlm.nih.gov/458665/
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1748-5827.1992.tb01090.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1748-5827.1992.tb01090.x
https://pubmed.ncbi.nlm.nih.gov/2646587/
https://pubmed.ncbi.nlm.nih.gov/2646587/
https://pubmed.ncbi.nlm.nih.gov/2646587/
https://pubmed.ncbi.nlm.nih.gov/2646587/
https://pubmed.ncbi.nlm.nih.gov/19788040/
https://pubmed.ncbi.nlm.nih.gov/19788040/
https://pubmed.ncbi.nlm.nih.gov/19788040/
https://pubmed.ncbi.nlm.nih.gov/10528836/
https://pubmed.ncbi.nlm.nih.gov/10528836/
https://pubmed.ncbi.nlm.nih.gov/10528836/
https://pubmed.ncbi.nlm.nih.gov/11126908/
https://pubmed.ncbi.nlm.nih.gov/11126908/
https://pubmed.ncbi.nlm.nih.gov/6782831/
https://pubmed.ncbi.nlm.nih.gov/6782831/
https://pubmed.ncbi.nlm.nih.gov/6782831/
https://pubmed.ncbi.nlm.nih.gov/6782831/
https://pubmed.ncbi.nlm.nih.gov/6782831/
https://pubmed.ncbi.nlm.nih.gov/877305/
https://pubmed.ncbi.nlm.nih.gov/877305/
https://pubmed.ncbi.nlm.nih.gov/877305/
https://pubmed.ncbi.nlm.nih.gov/5323856/
https://pubmed.ncbi.nlm.nih.gov/5323856/
https://pubmed.ncbi.nlm.nih.gov/5323856/
https://pubmed.ncbi.nlm.nih.gov/9262689/
https://pubmed.ncbi.nlm.nih.gov/9262689/
https://pubmed.ncbi.nlm.nih.gov/9262689/
https://www.sciencedirect.com/science/article/abs/pii/S0195561698500848
https://www.sciencedirect.com/science/article/abs/pii/S0195561698500848
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1740-8261.1996.tb01211.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1740-8261.1996.tb01211.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1740-8261.1996.tb01211.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1740-8261.1996.tb01211.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1740-8261.1996.tb01211.x
https://pubmed.ncbi.nlm.nih.gov/15375679/
https://pubmed.ncbi.nlm.nih.gov/15375679/
https://pubmed.ncbi.nlm.nih.gov/15375679/
https://pubmed.ncbi.nlm.nih.gov/15375679/
https://pubmed.ncbi.nlm.nih.gov/481969/
https://pubmed.ncbi.nlm.nih.gov/481969/
https://pubmed.ncbi.nlm.nih.gov/481969/
https://pubmed.ncbi.nlm.nih.gov/15072150/
https://pubmed.ncbi.nlm.nih.gov/15072150/
https://pubmed.ncbi.nlm.nih.gov/15072150/
https://pubmed.ncbi.nlm.nih.gov/758388/
https://pubmed.ncbi.nlm.nih.gov/758388/
https://pubmed.ncbi.nlm.nih.gov/758388/
https://pubmed.ncbi.nlm.nih.gov/26207964/
https://pubmed.ncbi.nlm.nih.gov/26207964/
https://pubmed.ncbi.nlm.nih.gov/26207964/
https://pubmed.ncbi.nlm.nih.gov/26207964/

Advancement in Assessment of Cerebral and Spinal Circulation using Ultrasonography in Veterinary Practice - A Review

217.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Ment LR, et al. “Alterations in cerebral blood flow in pre-
term infants with intraventricular hemorrhage”. Pediatrics 68
(1981): 763.

Michenfelder JD., et al. “Simultaneous cerebral blood flow
measured by direct and indirect method”. Journal of Surgical
Research 8 (1963): 475-481.

Mills CJ. “Measurement of pulsatile flow and flow velocity”. In:
Bergel D. H.: Cardiovascular Fluid Dynamics 1 (1972): 51.

Nakayama M. “Intraoperative spinal ultrasonography in dogs:
normal findings and case-history reports”. Veterinary Radiol-
ogy and Ultrasound 34 (1993): 264-268.

Newell DW. “Transcranial Doppler ultrasonography”. Neuro-
surgery Clinics of North America 5 (1994): 619-630.

Nanai B, et al. “Intraoperative Use of Ultrasonography Dur-
ing Continuous Dorsal Laminectomy in Two Dogs with Cau-
dal Cervical Vertebral Instability and Malformation (“Wobbler
Syndrome”)”. Veterinary Surgery 35 (2006): 465-469.

Obrist W, et al. “Determination of regional cerebral blood flow
by inhalation of 133-Xenon”. Circulation Research 20 (1967):
124.

Platt S and Garos1’ L. “Canine cerebrovascular disease: do dogs
have strokes?” Journal of the American Animal Hospital Asso-
ciation 39 (2003): 337-342.

Risberg ] and Smith P. “Prediction of hemispheric blood flow
from carotid velocity measurements”. Stroke 11 (1980): 399.

Rudolph AM and Heymann MA. “The circulation of the fetus in
utero”. Circulation Research 21 (1967): 163.

Sakurada 0., et al. “Measurement of local cerebral blood flow
with antipyrine”. American Journal of Physiology 234.1 (1978):
H59.

Santalucia P and Feldman E. “The basic transcranial Dop-
pler examination: Technique and anatomy”. In: Babikian VL,
Wechsler LR, editors. Transcranial Doppler ultrasonography.
2 edition. Boston, US: Butterworth Heinemann (1999): 3-12.

39.

40.

41.

62
Seo M, et al. “Transcranial Doppler ultrasound analysis of re-
sistive index in rostral and caudal cerebral arteries in dogs”.
Journal of Veterinary Science 6 (2005): 61-66.

Werner C., et al. “Effects of sufentanil on cerebral blood flow,
cerebral blood flow velocity, and metabolism in dogs”. Anes-
thesia and Analgesia 72 (1991): 177-118.

Wild ]J., et al. “Visualization of the excised human heart by
means of reflected ultrasound of echography; preliminary re-
port”. American Heart Journal 54 (1957): 903-906.

Citation: Swapan Kumar Maiti, et al. “Advancement in Assessment of Cerebral and Spinal Circulation using Ultrasonography in Veterinary Practice - A
Review". Acta Scientific Veterinary Sciences 4.10 (2022): 56-62.


https://pubmed.ncbi.nlm.nih.gov/7322711/
https://pubmed.ncbi.nlm.nih.gov/7322711/
https://pubmed.ncbi.nlm.nih.gov/7322711/
https://pubmed.ncbi.nlm.nih.gov/5680094/
https://pubmed.ncbi.nlm.nih.gov/5680094/
https://pubmed.ncbi.nlm.nih.gov/5680094/
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1740-8261.1993.tb01575.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1740-8261.1993.tb01575.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1740-8261.1993.tb01575.x
https://my.clevelandclinic.org/health/diagnostics/4998-transcranial-doppler-ultrasound-ultrasonography-test
https://my.clevelandclinic.org/health/diagnostics/4998-transcranial-doppler-ultrasound-ultrasonography-test
https://onlinelibrary.wiley.com/doi/10.1111/j.1532-950X.2006.00176.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1532-950X.2006.00176.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1532-950X.2006.00176.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1532-950X.2006.00176.x
https://pubmed.ncbi.nlm.nih.gov/6017706/
https://pubmed.ncbi.nlm.nih.gov/6017706/
https://pubmed.ncbi.nlm.nih.gov/6017706/
https://pubmed.ncbi.nlm.nih.gov/12873022/
https://pubmed.ncbi.nlm.nih.gov/12873022/
https://pubmed.ncbi.nlm.nih.gov/12873022/
https://pubmed.ncbi.nlm.nih.gov/7414669/
https://pubmed.ncbi.nlm.nih.gov/7414669/
https://www.ahajournals.org/doi/abs/10.1161/01.res.21.2.163
https://www.ahajournals.org/doi/abs/10.1161/01.res.21.2.163
https://pubmed.ncbi.nlm.nih.gov/623275/
https://pubmed.ncbi.nlm.nih.gov/623275/
https://pubmed.ncbi.nlm.nih.gov/623275/
https://pubmed.ncbi.nlm.nih.gov/15785125/
https://pubmed.ncbi.nlm.nih.gov/15785125/
https://pubmed.ncbi.nlm.nih.gov/15785125/
https://pubmed.ncbi.nlm.nih.gov/1824670/
https://pubmed.ncbi.nlm.nih.gov/1824670/
https://pubmed.ncbi.nlm.nih.gov/1824670/
https://www.sciencedirect.com/science/article/abs/pii/0002870357901953
https://www.sciencedirect.com/science/article/abs/pii/0002870357901953
https://www.sciencedirect.com/science/article/abs/pii/0002870357901953

