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Abstract: Ultrasound (US) and Doppler are often the first imaging to be carried out for arterial disease,

and with good reason. US is noninvasive, free of radiation exposure and crucial for follow up imaging. The

review that follows aims to highlight the various applications of US in imaging of the arterial system.
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Introduction and basic physics

Ultrasound (US) imaging (also known as conventional
B-mode) uses equipment that generates acoustic energy that
transmit through tissues resulting in interference patterns
with tissues within the body. These interactions result in
formation of an US image (1). It poses no radiation risk, is
readily available in most clinical settings and is relatively
inexpensive. It is however operator dependent. Hence
a combination of operator and interpretative skills are
required in answering a particular clinical question, this is
what makes US imaging unique.

The use of Doppler imaging is an extension of B-mode
US, using the same basic physics of acoustic energy
transmission. It enables visualizing and quantifying blood
tlow by analyzing interactions of acoustic pulses with
flowing blood within the vessel lumen. Because rapidly
moving targets such as red blood cells, produce a unique set
of echoes, in effect one can visualize blood flow patterns,
this is commonly displayed as a color flow map using red
and blue (hence the term color Doppler), although this can
be altered within a given system. When portrayed in form
of a wave pattern, it is known as spectral Doppler (2).

The review that follows aims to highlight the various
applications of US in imaging of the arterial system.
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Applications

There remains a common pre-requisite among the various
applications of US in imaging the arteries, to get the best
image the target vessel needs to be within the depth range
for the probe being used, the focal point of the probe is
ideally placed at the level of the blood vessel. Further,
appropriate steering of the Doppler angle allows for
accurate measurement of blood flow while eliminating
artefacts. High frequency probes are usually used to
achieve better resolution, crucial in vessel wall imaging
and measurement of intima-media thickness (IMT).
Understandably, operator experience plays a pivotal role
in Doppler interpretation. This review also focuses on
advanced techniques such as contrast enhanced ultrasound
(CEUS), this will be dealt with in the appropriate sections.

Upper limb
Vasculitis imaging

US plays a crucial role in the imaging and follow up of
patients with large vessel vasculitis (LVV) (3). It retains the
advantages of US used elsewhere—it is readily available,
uses no ionizing radiation, universal application by
radiologists, angiologists and rheumatologists alike. This
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Figure 1 Using a 15 MHz linear phased array probe, B mode
ultrasound image of a longitudinal section of the posterior wall of
the distal CCA (magnified x3) in a 50-year-old female. The three
layers of the arterial wall, tunica intima (), tunica media («+-), and
tunica adventitia (/\), are identified by the different echogenic

layers. CCA, common carotid artery.

enables multidisciplinary management of the patient.

According to the Chapel Hill Consensus Conference
(CHCC) nomenclature in 2012 (4), LVV has two primary
variants i.e., giant cell arteritis (GCA) and Takayasu arteritis
(TA). US diagnosis and follow up of LVV primarily hinges
on detection of intimal and/or adventitial wall thickening as
a result of inflammation (5).

B-mode US (of shallow vessels with high frequency
probe) clearly depicts three layers of the arterial wall (3)
two are hyperechoic with a hypoechoic layer in between
(Figure 1). The two innermost layers are referred to as the
IMT (IMT stands for intima-medial thickness and is the
cardiovascular risk factor test measured in the distal 1 cm of
the posterior carotid wall-cIMT).

GCA is the most common of the LVV] affecting persons
over the age of 50 years, it has cranial and extracranial
manifestation. The temporal, ophthalmic and axillary
arteries are particularly affected. The primary sign in an
abnormal vessel is an increased IMT. There are readily
available published normal values for IMT in the facial,
temporal and axillary arteries (6).

In 1997 a landmark study by Schmidt ez 4/. (7) proposed
the ‘halo sign’ of vasculitis, it described a hypoechoic halo
around the lumen of affected arteries. The sign had a
good sensitivity (73%) and excellent specificity (100%) in
the diagnosis of GCA. Another reliable sign in evaluating
GCA is compression US (8) that showed similar diagnostic
performance to the halo sign. Strict definitions of normal
and abnormal US findings (compression US and CDUS), as
recently proposed by the OMERACT US LVV task force
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have also been published (9). The role of US in follow up is
less apparent. It has been noted that the halo sign persists
for months after steroid therapy (10), hence temporal artery
biopsy (TAB) still has a role.

Subclavian steal syndrome

The subclavian and vertebral arteries are readily imaged
in the entire course (11), as a result there are identifiable
changes in the vertebral artery waveform that take place
in relation to severity of subclavian artery stenosis, pre-
steal is the earliest change which manifests as a mid-systolic
notch also known as a “bunny waveform” (12) (Figures 2,3),
flow remains antegrade throughout the cardiac cycle. If
clinically indicated the waveform changes may be elicited
by provocative maneuvers such as ipsilateral arm exercise
or blood pressure cuff induced arm hyperemia. It should be
noted though that subclavian steal phenomenon is almost
always harmless.

On the other hand, partial steal occurs with intermittent
flow reversal in the ipsilateral vertebral artery.

Complete steal occurs with high grade stenosis or
occlusion in the subclavian artery prior to origin of the
vertebral artery. The flow is reversed throughout the cardiac
cycle.

Usually caused by atherosclerotic occlusion, it has been
reported to occur commonly in an iatrogenic setting such
as during thoracic aortic endovascular repair (13), the role
of left subclavian artery to carotid artery transposition is not
established.

Arterial access

With rapid advancement in interventional radiology safe
access to the arterial system is essential. The common
femoral artery has been and still is the vessel of choice
for most intravascular procedures. However, with
miniaturization of catheters and endovascular devices the
radial artery approach is rapidly gaining popularity.

Focal hematoma and bleeding at the site of vascular
access (VA) is rare and particularly prevalent in
octogenarians (14) vascular puncture site complications
are usually minor, major bleeding is rare only about 6%
of patients need a blood transfusion (15). Bleeding into
the retroperitoneum can occur when VA is in the groin.
In this case female gender, low body surface area and high
femoral puncture are primary risk factors (16). Sonographic
evaluation in these cases is limited and further imaging with
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Figure 2 Waveforms of normal upper limb arteries. (A) Innominate artery; (B) subclavian artery; (C) axillary artery; (D) brachial artery; (E)

radial artery; and (F) ulnar artery. Upper extremity arterial spectral Doppler waveforms of a 38-year-old female. Images displays normal

triphasic waveform morphology and normal PSV. The use of appropriate sample gate size maintains a clean diastolic window with no

artefactual spectral broadening. PSV, peak systolic velocities.

Rt VERT PS 40.
Rt VERT ED 18.2 cn

SAG RIGHT VERT N
AC48

M@Mm _

ey

Figure 3 Spectral Doppler waveform analysis of the vertebral
artery in a 67-year-old female demonstrating a pre-subclavian
steal sign (rabbit sign). At time of examination patient’s blood
pressure were recorded as 128/82 mmHg on the right and
142/86 mmHg on the left. The right subclavian artery was
reported to have a >50% stenosis with a PSV of 281 cm/sec. PSV,

peak systolic velocities.

computed tomography (CT) and/or angiography is needed
depending on the clinical scenario.

A Pseudoaneurysm is defined as a localized extravascular
sac without all the vascular layers connected to the feeding
artery by a narrow neck (16). Clinically presenting as
a pulsatile and often tender mass following VA, Color
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Doppler US is the method of choice for evaluation of
pseudoaneurysms. A typical “to-fro” spectral Doppler
pattern is noted within the lesion with a yin and yang
appearance on color Doppler (17) (Figures 4,5). US guided
compression and thrombin injections have been used
successfully in treating this entity (18,19).

Arteriovenous fistula (AVF) is a less common VA
complication than pseudoaneurysm. Data on its exact
incidence is scant. Although clinically obvious due to a
palpable bruit, CDUS is crucial in confirming clinical
suspicion. On Doppler, there is arterialization of flow
within the vein as a result of direct fistulous connection with
the adjacent artery (16).

Dialysis fistula

Adequate VA is crucial for the dialysis patient (20). At the
time of writing CDUS has three primary applications in
this clinical setting:

(I)  evaluating forearm vessels for surgical planning;

(II)  assessment of maturation of the AVF;

(IIT) detecting complications at VA site.

Current international guidelines support the routine use
of CDUS in pre-surgical planning of VA (21). Early surgical

Cardiovasc Diagn Ther 2019;9(Suppl 1):S2-S13 | http://dx.doi.org/10.21037/¢dt.2019.02.05



Cardiovascular Diagnosis and Therapy, Vol 9, Suppl 1 August 2019 S5

e

LEFT CFV CFA

Figure 4 A 61-year-old female, status-post heart catherization, presents with a palpable mass over her left groin. (A) It is a spectral waveform
analysis of the left CFA superior to the arteriovenous fistula demonstrating high diastolic flow; (B) shows a color bruit at the location of the
arteriovenous communication. Additionally, spectral Doppler waveform analysis displays disturbed flow with both and arterial and venous
component present; (C) the left common femoral veins just proximal to the AVF reveals an arterialized/markedly pulsatile Doppler signal;
(D) is a B-mode image of the CFV and CFA arteriovenous fistula. CFA, common femoral artery; AVE, arteriovenous fistula; CFV, common

femoral vein.
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Figure 5 Color Doppler and spectral findings in a pseudoaneurysm. (A) Illustrates color outside of the CFA wall with a neck or flow tract
connecting/feeding the PSA sac with the CFA. The red blue swirling pattern is consistent with PSA flow. Because the color Doppler display
of a PSA often takes the pattern of the Chinese yin-yang symbol, it is known as a yin-yang sign, synonymous with the positive finding of a
PSA; (B) is the spectral Doppler analysis demonstrating flow both entering and exiting the PSA sac; this Doppler waveform finding referred

to the classic to-fro waveform pattern. CFA, common femoral artery; PSA, pseudoaneurysm.
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Table 1 Criteria for AV fistula stenosis modified from (22,23)

Main criteria

() >50% diameter reduction

(I) >3.0x increase in peak systolic velocity
Additional criteria

(I) Blood flow rate (Qa) fall by >25%

(I Qa <600 mL/min

(1) residual diameter <2 mm

AV, arteriovenous.

referral is essential in end stage renal failure, the goal is to
achieve good arterial inflow and venous outflow compliance
with optimal positioning of the arteriovenous (AV)
anastomosis. Thus, CDUS is crucial in vascular mapping
and detecting vessel characteristics such as calcifications
which may make it unsuitable for fistula placement,
anatomical variants can also be highlighted. It is unclear
however if the role of CDUS in surgical planning translates
into increased post op patency rates of the AVE.

Maturation of the VA is a dynamic process. Multiple
factors that alter arterial inflow (stenosis, atherosclerosis
etc.) or venous outflow (surgical traction, fibrotic valves etc.)
may predispose the AVF to failure, CDUS therefore should
be the first step in assessment of AVF maturation. The “rule
of sixes “are often used as a guideline for adequacy—a blood
flow rate in excess of 600 mL/min, diameter greater than
0.6 cm and depth of about 0.6 cm (21).

A prospective study conducted in 2,792 patients showed
that reduced blood flow rate measurements were the
primary predictor of AVF failure (22). Further criteria based
on diameter assessment have also been proposed, as detailed
in Tuble 1.

Lower limb
Peripberal arterial disease (PAD)

Catheter angiography remains the gold standard in
diagnosis of PAD (24), however although it is almost always
performed prior to endovascular intervention, its role in
screening a symptomatic patient is unclear. Noninvasive
imaging in PAD is useful for inpatient screening and
stratification. It also facilitates appropriate patient selection
and optimal PAD intervention outcomes (25).

The position statement on noninvasive imaging of
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PAD by the Society of Interventional Radiology (SIR) and
the Canadian Interventional Radiology Association (26)
describes two broad categories of noninvasive PAD testing,
functional and anatomical.

Functional tests include ankle brachial index (ABI),
segmental limb pressures, pulse volume recordings and
segmental Doppler US. Anatomical tests include computed
tomography angiography (CTA) and magnetic resonance
angiography (MRA) and US. Hence US and physiologic
testing together provide a comprehensive evaluation of
PAD with anatomical and functional aspects. The reported
sensitivity and specificity of CDUS is between 70-90% (27).

Color Doppler US should be performed in the relevant
vascular segments of the limb being evaluated. It reliably
assesses blood flow patterns in normal and diseased vessels.
The normal peripheral arterial waveform is triphasic (1) the
first positive deflection is forward systolic flow, the negative
deflection or dip is the diastolic reversed flow and the third
small positive deflection is late diastolic forward flow due
to wall recoil, it correlates with wall elasticity. The ‘dip’
below baseline denotes the high resistance characteristics
of all lower limb arteries, primarily contributed to by the
muscular bed. Mild disease results in a biphasic waveform
with loss of late diastolic forward flow (Figure 6). With
increasing severity of narrowing the waveform then
becomes monophasic with loss of flow reversal, slow systolic
upstroke results with a classic ‘parvus tardus’ appearance (26)
(Figure 7).

The limitations of Doppler US deserves mention here,
the Doppler angle of insonation should be optimum at
<60 degrees, an incorrect angle can alter the waveform and
potentially change interpretation. The operators experience
and awareness of this artefact is important. Another
limitation of CDUS is in the evaluation of multilevel or
‘tandem’ stenosis. A stenotic lesion, once present alters
hemodynamics distally resulting in reduced sensitivity
of picking up further downstream stenotic lesions. Also,
several studies have reported poor performance of CDUS
in differentiating high grade stenosis from occlusion (28,29).

The normal peak systolic velocity (PSV) in peripheral
lower limb arteries varies from 45-180 cm/s (30). Severe
arterial disease manifests as a PSV in excess of 200 cm/s,
monophasic waveform and spectral broadening of the
Doppler waveform.

CDUS evaluation in the pre-surgical/endovascular
intervention patient provides crucial information as to the
number, extent of stenotic lesions and their precise location.
It can also be used to mark skin incision sites to reduced
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Figure 6 Spectral Doppler analysis (A) is a biphasic waveform, defined by the loss of diastolic flow, with normal velocities and clean spectral

windows. Spectral Doppler analysis (B) of the ipsilateral CFA with significantly increased peak systolic velocities. The spectral Doppler

waveforms have disturbed flow pattern (shaggy waveform) and spectral broadening. Additionally, there is a 4.8 Vr (velocity ratio increase). A

Vr >4.0 combined with a PSV >400 cm/sec places this in a 75-99% stenosis. CFA, common femoral artery; PSV, peak systolic velocity.
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Figure 7 Tardus et parvus waveform in the left middle subclavian
artery is recognized by the decreased in peak systolic velocity
and delayed rise. This finding is consistent with the known left

proximal subclavian stenosis.

contrast CT or MRI use (31).

Graft Evaluation is readily performed by CDUS. Arterial
bypass graft flow velocities depend on conduit diameter,
cardiac output and status of inflow and outflow arteries.
At least 3—4 normal graft segments are evaluated (for a
synthetic graft a minimum of 5 and many more for an
in situ/reverse in situ). The normal velocities should range
from 50-80 cm/s (30,32). Further, there are specific criteria
for graft stenosis based on PSV as described below.

Abdomen and viscera
Abdominal aorta

Although CT Angiography is the preferred modality of
imaging the aorta, US is the screening test of choice,
especially in smokers between the ages of 65-75 years (33).

© Cardiovascular Diagnosis and Therapy. All rights reserved.

It is used to detect, document size of the aneurysm
and monitor its progress, if any (11). Often, during the
same scan it is valuable to exclude coexistent iliac artery
aneurysms.

Dissection is characterized by a characteristic flow
pattern on color Doppler (Figure 8). The use of CDUS is
not limited to pre-operative imaging but is crucial in the
post endovascular repair graft surveillance as well (34). An
endoleak is the most frequent complication following an
endovascular aortic repair (EVAR) procedure (35). The graft
is close examined for integrity of its landing zones, very
sensitive Doppler settings are needed to detect extra-stent
flow. Operator experience plays a role as ‘bleed over’ of the
color flow can simulate an endoleak. However, there is a
subtle difference, the flow from a true endoleak is uniform,
whereas apparent flow due to artefact occurs in flashes. A
type I endoleak is characterized by flow at the landing zones
of the graft, type II on the other hand reveals retrograde flow
within the inferior mesenteric and lumbar arteries with ‘to-
fro’ flow in the excluded sac (Figure 9). Additionally, the limb
of the grafts is evaluated to look for stenosis.

The limitations of aortic US are common to most US
examinations in the abdomen, Poor sonographic windows
due to bowel gas, obesity and deep location of the area of
interest often compromises the study. CT and MRA fare
better in this respect.

Recent work has focused on CEUS, this uses an
echogenic microbubble intravascular contrast agent injected
IV while imaging the target vessel/organ. Normally only
between 0.1 to 5 mL of contrast needs to be injected
to visualize the vascular lumen. It has been known for
some time that CEUS offers sensitivity and specificity
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Figure 8 B-mode and color Doppler images of a 50-year-old female with a positive family history of dissection and aneurysms in her mother

and three brothers. During ultrasound screening, there was evidence of an echogenic structure extending from the distal aorta into the right

common iliac artery, images (A) and (B) with two separate flow channels image (C).

Logia A
B~

Figure 9 An 80-year-old gentleman 6 years post endovascular
aneurysm repair. On annual follow up, ultrasound revealed a type
IIb endoleak (—) manifesting itself in the distal main-body stent

graft from a lumbar artery.

comparable to CTA in aortic imaging (36). In the imaging
of the post-operative aorta, a CTA provides only a snapshot
of blood flow in the vessel, CEUS on the other hand has
the potential to provide continuous imaging of flow for up
to 3 minutes (37). Recent work has also highlighted the
disadvantages of longstanding gadolinium administration
such as deposition in the globus pallidus which can be
detected even years after administration (38-40). CEUS
thus may be an alternative to CTA and MRA, especially if
contrast allergy, toxicity and radiation dose are of concern.
CEUS adds significant value to a CDUS study especially by
real time visualization of blood leaks for example in aortic
rupture without delaying surgical treatment (41), further
it was shown to be as effective as CTA and less invasive.
Obviously, this requires a multidisciplinary approach
and coordination between multiple specialties is crucial.
CEUS has shown to be superior to CDUS in the imaging
of endoleaks, some studies have shown it to be superior to
even CTA (42,43). US contrast agents can be used safely

© Cardiovascular Diagnosis and Therapy. All rights reserved.

in patients with renal dysfunction, further if the results of
CEUS scanning are equivocal, the patient can always be
referred for follow up CTA/MRA.

The use of CEUS is not without risk, the most common
of which is an anaphylactic reaction, thought to occur in
one of 100,000 cases (35). Further risks documented in
medical literature deal with complications of venipuncture,
which are exceedingly rare.

Renal arteries

The visualization of native renal arteries is heavily operator
dependent and on the sonographic window, bowel gas in
particular is responsible for the low rate of visualization of
the proximal main renal arteries, quoted as being between
25-40% (44). This limitation has been circumvented by
some investigators by measuring intra-renal waveforms,
these are often readily visualized with reported diagnostic
accuracy of >90% (45). The rationale being that the presence
of a main renal artery stenosis (RAS) results in a parvus
tardus waveform of the intrarenal vessels, with low PSV and
extended acceleration times, a cutoff of >70 ms acceleration
time and an acceleration of <3 m/s/s has been shown to
be 96% accurate in detecting significant stenosis (46)
(Figure 10).

The imaging of renal transplant arteries is a natural
extension of native renal artery Doppler. Vascular complications
occur in fewer than 10% of renal transplants (47).
RAS is the most common, usually occurring within the
first year, most commonly at the anastomotic site. Findings
include turbulent flow at the stenosis with parvus tardus
waveform downstream, the PSV usually exceeds 250 cm/s
and ratio of Renal artery to iliac PSV is in excess of 1.8
(Figure 11) (48). Rarely this finding may be caused by iliac
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Figure 10 Findings in renal artery stenosis. (A) A triplex image with a spectral Doppler waveform of the right renal ostium reveals a PSV of

555 cm/sec and a renal artery to aorta ratio of 5.8, consistent with a high grade, 60-99% stenosis; (B) a triplex image with a spectral Doppler

waveform of a patent right renal artery with no stenosis demonstrating normal peak systolic velocities and normal waveform contours. PSV,

peak systolic velocity.

Figure 11 A 58-year-old female two-year postoperative ultrasound
of right lower quadrant renal transplant. PSV of renal artery
anastomosis of 488 cm/sec with a PSV ratio of the anastomosis to

the external iliac artery of 4.0. PSV, peak systolic velocity.

artery stenosis.

Renal artery thrombosis is rare and occurs in less than
1% of cases (47), it occurs in the early post-operative period
and is usually due to surgical technique causing kinking of
the vessel. Absent arterial and venous flow with intraluminal
arterial thrombus is the hallmark on CDUS, supported
by clinical finding of a poor ‘blush’ in the graft on the
operating table after vascular clamp release.

A Renal AVF or pseudoaneurysm can occur after a
renal biopsy, biopsy is often performed for diagnosis of
parenchymal renal disease in a native kidney or rejection
in a transplant graft. An AVF is more common and is
known to occur in 7.3% of cases after biopsy of a transplant
graft (49). A ‘yin-yang’ color flow pattern is typical of a
pseudoaneurysm. An AVF appears as a localized area of
turbulent flow in the renal cortex, corresponding to the

© Cardiovascular Diagnosis and Therapy. All rights reserved.

biopsy site. This represents the damaged segmental artery
and the paired vein, large AVF may ‘steal’ blood flow from
the rest of the graft resulting in ischemia. Angiography
and embolization are usually required to manage these
conditions.

The role of CEUS in evaluation of RAS in the transplanted
and native kidneys is unclear (50).

Liver transplant

In the past few decades liver transplant has evolved into the
definitive treatment for end stage liver failure. The indications
have expanded as well with few contraindications (51).
There is no upper age limit. Due to long waiting lists, one
way to increase the pool of available organs is to split the
liver from a living donor into the recipient, called a living
donor liver transplant (LDLT). Usually the donor’s right
lobe is transplanted into the recipient.

Although pre-operative evaluation is performed
nowadays using CTA, US and CDUS evaluation still plays
a role in the post op examination of these patients. It can be
readily performed in the operating theatre or by the bedside
in the immediate post op period.

Fulminant hepatic failure in the immediate post op
period is usually caused by vascular complications, most
commonly hepatic artery (HA) thrombosis (52). The HA
anastomosis can be challenging due to small diameter of the
vessel and difference in diameters of the host and recipient
vessels, different anastomotic techniques have been used to
circumvent this challenge (53). In the healthy graft the HA
displays a biphasic waveform, the resistive index (RI) is the
most common measurement acquired. The normal HA has
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Figure 12 Spectral Doppler waveform analysis of the proper
hepatic artery (PHA) in a postoperative liver transplant, displays a
patent vessel, with a low resistant arterial waveform, normal peak

systolic velocities, and a resistive index within normal limits, <0.80.

an RI of between 0.55-0.8 (53) (Figure 12). A high RI in
the HA during the early post op course is not unusual, this
usually returns to normal in a few days. Close monitoring is
essential though.

HA vasospasm can be seen in the post op period, this
occurs due to excessive manipulation of the vessel on the
operating table. It is difficult to differentiate other causes
of high RI from vasospasm but reduction of RI values after
vasodilator therapy aid in diagnosis.

HA thrombosis is a graft threating condition and needs
emergent management, it occurs in between 1-12% of
cases (54). This is readily diagnosed by US and CDUS by
visualizing the echogenic thrombus in an artery without
flow. Dampening of the PSV is a cardinal feature of
impending thrombosis, as opposed to vasospasm where the
PSV is high and shows rapid upstroke (53). Management is
usually by revision surgery, or if unavailable, endovascular
thrombolysis.

HA dissection is not uncommon, it is a risk factor for
HA stenosis or occlusion and can occur on the recipient or
donor side of the anastomosis. It is seen as an echogenic
flap within the lumen of the artery with a ‘double lumen’
appearance. HA stenosis is a distinct entity, it is insidious
in onset and can occur at the anastomotic site or due to a
diseased donor artery. It can result in graft failure, biliary
necrosis and sepsis. Prompt recognition is therefore,
essential. The waveform is a typical parvus tardus with
slow upstroke (acceleration time >0.08 s), the RI is reduced
to <0.55. a turbulent jet at the anastomosis showing PSV
in excess of 3 times that in the pre-anastomotic segment
is usually diagnostic. Surgical revision or Endovascular
dilation is the recommended treatment.

© Cardiovascular Diagnosis and Therapy. All rights reserved.
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Conventional CDUS does not prove to be useful in
13% of cases (55), in these cases CEUS has demonstrated
sensitivity and specificity close to 100%. It provides better
visualization of the vascular flow. In fact, the use of CEUS
can obviate the need for vascular angiography in more than
60% of cases (56,57).

Pancreas transplant

Whole organ pancreas transplant is an established treatment
for diabetes and end stage renal failure. The most common
transplant is a combined pancreas and kidney transplant (also
known as simultaneous pancreas-kidney or SPK) which
accounts for 78% of cases (58). This allows the recipient to
be free of regular insulin use and from dialysis for end stage
renal failure. The second most common form, accounting
for about 16% of cases, is a pancreas transplant after kidney
transplant (PAK), the recipient may receive a kidney from
a living donor and can be free of dialysis while on waiting
list for a cadaveric pancreas (59). The pancreatic graft is
harvested with the donor duodenum and vascular supply.
It is placed in the right lower quadrant of abdomen in the
peritoneal cavity.

Surgical techniques vary but some basic principles are
common. The donor superior mesenteric artery (SMA) and
splenic artery supply the head and body/tail respectively.
The donor common, internal and external iliac arteries are
then attached to the SMA and splenic arteries forming a Y
graft. This common iliac artery is then anastomosed to the
recipient iliac artery.

Venous outflow contains the exocrine secretions, the
donor portal vein serves as the main vein for the graft, this
is usually anastomosed to the recipient superior mesenteric
vein. The duodenum attached to the graft and containing
the ampulla is usually anastomosed to an adjacent small
bowel loop or bladder, to allow secretions to drain (58).

In the post op period the Y graft, artery and vein are
readily visualized by CDUS. The artery shows rapid
upstroke, the vein is anechoic and shows monophasic
waveforms. The major role of US and CDUS in pancreatic
transplant is to exclude vascular thrombosis and to guide
biopsy (60). Appearances of the normal postoperative
Doppler must be kept in mind (Figure 13). With arterial
thrombosis the echogenic thrombus is seen within the
lumen with absent flow. A venous thrombus is also readily
visualized, the arterial waveforms in this case display high
RI values. CDUS is also useful for detection of anastomotic
vascular strictures and pseudoaneurysms (60), the findings
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Figure 13 A 45-year-old male two days post-operative SKP transplant. (A) is the spectral wave Doppler waveform analyses of the pancreatic

vein demonstrating normal phasic flow with good venous drainage; (B) is the spectral Doppler waveform analysis of the pancreatic artery

displaying normal low-resistance waveform with normal PSV and normal RI. SKP, simultaneous kidney-pancreas; PSV, peak systolic

velocity; RI, resistive index.

are similar to stenosis or pseudoaneurysms in other arteries.

Conclusions

The applications of US and CDUS in arterial imaging
are widespread and ever evolving. Noninvasive nature,
portability and availability are the key strengths in clinical
practice and in the hospital setting. In particular, the
introduction of CEUS has the potential to revolutionize
vascular imaging. With recent research highlighting the
disadvantages of MRI contrast agents, this area of research
has been renewed and will likely flourish.
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