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Doppler ultrasound of the aorta

CT angiography (CTA) and MR angiography (MRA) are relatively new and commonly used im-
aging methods to evaluate diseases of the aorta. CTA is particularly useful to evaluate the ab-
dominal aorta in acute aortic syndrome (AAS). In practice, the diagnosis of intramural haematoma
can be reliably made using CT, and other manifestations of AAS can be reliably and relatively
quickly evaluated with multidetector-row CT and CTA. To perform both CTA and MRA, intra-
venous injection of iodinated or gadolinium-based contrast media is required.

Ultrasound may also be useful, especially to detect the presence of an abdominal aortic aneurysm
(AAA) and to follow-up its course. Ultrasound is also useful to follow-up patients after surgery
or endovascular aortic repair (EVAR) for AAA. For the evaluation of the abdominal aorta and
inferior vena cava (IVC) convex low-frequency transducers are used with a frequency range of
2.5-5 MHz, depending on the patient’s body volume. Ultrasound is useful to demonstrate ather-
osclerotic changes of the aortic wall and to measure aortic diameter. Iliac arteries can be visualised
well, as well as the coeliac trunk and its branches and mesenteric arteries. These vessels are usu-
ally examined with the patient in a supine position [1].

Aneurysm of the abdominal aorta and iliac artery are significant and potentially fatal conditions,
which may remain clinically asymptomatic for years [2—4]. Acute aortic syndrome consists of
aortic dissection, penetrating aortic ulcer and intramural haematoma. Ultrasound can demonstrate
aneurysms that may be entirely asymptomatic, it can be used to follow-up enlargement of an
aneurysm and to assess complications after surgery or endovascular treatment. If a patient is re-
ferred for ultrasound for AAA, one should measure the diameter and length of the aneurysm,
evaluate the extension of the AAA to iliac arteries and try to determine the relation of the AAA
to the renal arteries. The diameter of the normal aorta in adults is 2-2.5 cm, and a diameter above
3cm is diagnostic of AAA. However, an aneurysm can be present even if the diameter is below
3cm, if there is a focal dilatation of aorta. Normal iliac arteries have regular walls, with a maxi-
mum diameter of the common iliac artery of 1.5cm [2].

AAAs of atherosclerotic origin are most commonly saccular or fusiform in shape, their origin is
infrarenal and they usually terminate at the aortic bifurcation, but may extend into the iliac arteries.
These are true aneurysms, containing all layers of the aortic wall. It is recommended to briefly
examine the aorta by ultrasound to rule out AAA in all patients who are referred to ultrasound for
examination of peripheral arteries, because AAA is often asymptomatic. AAA usually enlarges 2
mm per year, and the dynamics of enlargement can be determined by ultrasound examinations
[1,2,5,6]. AAA is shown in Figure 1.
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Figure 1 Saccular aneurysm of abdominal aorta in longitudinal (a) and transversal scan with
mural (parietal) thrombi. Colour Doppler is also shown (c). The arrow shows micro-
calcifications.

It is very important to assess whether the aneurysm is infrarenal or if it affects renal arteries. If
AAA s infrarenal it is relatively easy for the surgeon to preserve the flow in kidneys during AAA
surgery. But if AAA extends to the origin of renal arteries, surgery is much more complicated
and may require reimplantation of renal and/or mesenteric arteries [2].

It is useful to analyse features of intrarenal arterial flow during the evaluation of AAA. This topic
is discussed elsewhere in this chapter. One should also always carefully examine the kidneys to
determine hydronephrosis caused by AAA. Affection of ureters is particularly common with in-
flammatory aneurysms causing periaortic retroperitoneal fibrosis (Figure 2).
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Figure 2 Normal intrarenal arterial Doppler spectra, with normal velocities and normal vas-
cular resistance in a patient with AAA.
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The distal end of AAA should be carefully evaluated to determine whether the iliac arteries are
also affected. Most iliac artery aneurysms are related to AAA and the common iliac artery is usu-
ally affected. Isolated iliac artery aneurysms are seen less commonly and they are very dangerous
because they may not be palpated, may be large and may rupture with non-specific symptoms of
abdominal or pelvic pain that are unrecognised, with associated high mortality and delayed sur-

gery [1] (Figure 3).

Figure 3 CT angiography of the large isolated left iliac artery aneurysm (a). CT angiography
of the same patient after endovascular treatment of iliac artery aneurysm with the
stent-graft (b). Colour Doppler image of the patent stent-graft and aneurismal sac ex-
cluded from the circulation (c). Normal, triphasic spectra within the stent-graft in iliac
artery (d).
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Colour Doppler may enable diagnosis of occlusion of renal arteries or of the superior mesenteric
artery, but CTA is more accurate than ultrasound. A combination of duplex Doppler and MRA
has a similar accuracy compared with CTA in evaluation of all features of aortic aneurysms. In
the case of AAA rupture, CT should be performed as it provides the most accurate assessment.

Although CTA is superior to ultrasound in diagnosing aortic dissection and other conditions of
acute aortic syndrome, ultrasound may lead to the initial suspicion of AAS. In cases of aortic dis-
section ultrasound may visualise the intimal flap and flow in a true and false lumen (Figure 4). A
pseudoaneurysm is shown in Figure 5.

Figure 4 B-mode example of chronic dissection (Dis) of abdominal aorta with the intimal flap
clearly visible within the vessel lumen (a). Transverse scan of aorta of the same patient
with the flow visible by colour Doppler in both lumina (b). Doppler spectrum demon-
strating flow in the true lumen of dissected aorta (c). Doppler spectrum demonstrating
flow in the false lumen of dissected aorta (d). A second example is shown using pho-
topic with the flap clearly visible within the vessel lumen (e), panoramic imaging (f)
and CEUS (g) with undulating (“WELLE”) flow in the false lumen.
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Figure 5 Colour Doppler image of pseudoanerysm of abdominal aorta in the patient referred
to ultrasound to rule out abdominal lymphadenopathy. Incidental finding (a). CT an-
giography of the same patient confirming diagnosis of abdominal aortic pseudoan-
erysm (acute aortic syndrome) — mycotic aneurysm (b).
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Doppler has a major role in post-operative evaluation of grafts after surgical resection of AAA.
Most commonly, aortobilliac or aortobifemoral grafts are used. Ultrasound demonstrates proximal
and distal anastomosis of the graft, all segments of the graft need to be examined to determine
dilatation or liquid collections, and stenosis has to be excluded at proximal or distal anastomosis.
Colour Doppler can demonstrate occlusion of the graft, stenoses, pseudoanerysm or true
aneurysm. Ultrasound can also demonstrate haematomas or abscesses adjacent to the graft. The
graft wall can be easily seen because it is very echogenic [7].

EVAR is a percutanecous procedure of endovascular treatment of AAA or aortic dissection with
stent-grafts. The procedure is planned on the basis of CTA. CTA is widely recommended as a
method of choice for the follow-up these patients, and to detect complications, which are usually
endoleaks [7—10]. Some authors claim that CEUS is even more useful than CTA to detect minimal
endoleaks, demonstrating extravasation of contrast medium into the aneurismal sac [11,12] (Fig-
ure 6).

Figure 6 Colour Doppler image of flow within the stent graft after EVAR treatment of AAA —
longitudinal scan (a). The same patient in transverse scan is shown as well (b).

a b

TALENT STENT-GRAFT AQORTE TALENT STENT-GRAFT AORTE
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Doppler ultrasound of the inferior vena cava

The IVC can be examined by placing the ultrasound probe just below the xiphoid process, aiming
cranially, and visualising the IVC transversing the diaphragm and entering the right atrium. A
different approach is used for the more caudal portion of IVC by using the liver as an acoustic
window in a more cranial portion and in classic longitudinal and transversal scans below the liver.

Indications include the assessment of the intravascular volume status in patients with acute and
chronic renal failure and dialysis, but also in patients with sepsis, heart failure and other cardio-
vascular disease.

The diameter of the IVC for the measurement of the caval index should be performed 2cm from
the diaphragm where it enters the right atrium (largest diameter of the IVC and the degree of col-
lapse during respiration) [13—17].

In patients with hypovolemia the diameter of the IVC is often decreased and more than 50% col-
lapse. With complete collapse (which rarely happens in the more stiff intrahepatic course of the
IVC) the IVC may become difficult to see. In patients with hypervolemia (increased intravascular
volume) the IVC diameter is enlarged more than 20-25 mm and none or only minimal collapse
is seen on inspiration.

Thrombosis of the IVC refers to the development of solid material within the lumen of any portion
of the vessel. The thrombus may be occlusive or non-occlusive and may involve the entire [IVC
or any segment. There are two main forms: bland (appositional) thrombosis refers to the presence
of a simple clot within the vein. Malignant (neoplastic) thrombosis always occurs always as a
complication of malignant disease, most often renal carcinoma but other neoplasia have been en-
countered. Its identification is of prognostic significance as it negatively alters therapy options
and upstages the disease.
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Doppler ultrasound of visceral arteries

Colour duplex Doppler in the diagnosis of diseases of the visceral arteries and chronic mesenteric
ischaemia is not a common diagnosis of liver vessels or kidney circulation. These examinations
are technically demanding. The main indication is evaluation of insufficient flow in the visceral
arteries in patients who have abdominal pain and require ultrasound examination of the coeliac
trunk, superior and inferior mesenteric artery. Modern ultrasound scanners allow the visualisation
of flow in the bowel wall, and colour Doppler is mostly used to evaluate inflammatory hyperaemia
in inflammatory bowel disease.

Low-frequency transducers are usually used to evaluate visceral arteries, in the frequency range
of 2.5-3.5 MHz. In thin patients or children, high-frequency transducers can sometimes be used.
To visualise the flow in the intestinal wall, higher-frequency transducers may be used. Patients
should fast for 12 h prior to the examination to reduce air in the bowel lumen.

The coeliac trunk and superior mesenteric artery are best seen in longitudinal section through the
aorta. Axial section demonstrates branching of the coeliac trunk to the splenic artery, coursing to
the left, and the main hepatic artery coursing to the right side. The superior mesenteric artery
does not have branches and is located inferiorly to the coeliac trunk, so that these two arteries
can be easily distinguished [1-3].

The coeliac trunk and superior mesenteric artery perfuse the duodenum, small bowel and proximal
large bowel. The inferior mesenteric artery (IMA) is the smallest of the three visceral arteries; it
can be seen with duplex Doppler in 89% of healthy people [4]. IMA is easy to demonstrate when
the coeliac trunk and superior mesenteric artery are stenosed or occluded, because it dilates in
these cases. IMA originates from aorta anterolaterally on the left side, and courses towards the
left hip. An abundant collateral arterial network exists between the visceral arteries, including
pancreaticoduodenal arcades, Riolan arch and Drummond’s artery [1-5].

Several segments of the arteries should be examined so as not to overlook focal stenosis. Spectral
analysis should commence at the arterial origin, and continue distally in the visible segment of
the vessel. Colour Doppler is very helpful to localise flow in these arteries.

Typical spectra in the coeliac trunk are of low-resistance type, with continuous, relatively high
diastolic flow, reflecting low peripheral resistance. Similar spectra are visible in SMA after eating,
but during fasting high-resistance spectra are seen in SMA with retrograde early diastolic flow
(Figure 7).
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Figure 7 High-resistance Doppler spectrum in superior mesenteric artery in a patient who fasted

for 8 hours. Short retrograde early diastolic flow is visible (a). Spectrum in SMA of

the same patient after the meal; continuous antegrade diastolic flow is visible (b). Due
to the insonation angle the velocity seems to be overestimated.
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It is important to evaluate the direction of flow in the visceral artery, and particularly in the gas-
troduodenal artery (GDA) — the branch of the common hepatic artery that is used as a collateral
channel in coeliac trunk occlusion. IMA normally has high-resistance Doppler spectra [1-5].

Doppler in diagnosis of mesenteric ischaemia

Acute mesenteric ischaemia is caused by sudden thrombosis and represents an acute condition.
The patient is in a lot of pain, their life is at risk and they require urgent diagnosis and intervention.
CTA is commonly used to diagnose this condition.

Chronic mesenteric ischaemia develops slowly and ultrasound is used to diagnose the condition.
Occlusion can be diagnosed when flow is not detectable within the arterial lumen. In this case
collateral flow may be demonstrated, the artery fills distally from the occlusion through collaterals.
Retrograde flow can be seen in the arteries used as collateral conduits. For example, in cases of
occlusion or high-grade stenosis of the main coeliac trunk the proper hepatic artery is filled over
the GDA, in which retrograde flow can be seen both with colour Doppler and spectral analysis.
GDA can be found in the posterior part of the pancreatic head. It normally has high-resistance
spectra since it supplies the intestinal system. When the coeliac trunk is occluded it receives blood
from the SMA over the pancreaticoduodenal artery and the flow direction is reversed; spectra are
of the low-resistance type because the artery, in that case, supplies the liver that has low vascular
resistance. Analysis of flow in the GDA is an important additional Doppler sign in diagnosing
stenosis or occlusion of the coeliac trunk (Figure 8).
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Figure 8 Retrograde flow in gastroduodenal artery (towards the liver) and low-resistance spec-
tra — collateral flow in coeliac trunk occlusion.

GE22M104 13:10:47 ADM B098-04

GASTRODUOR,

Lo g
ART ‘:,i

Even if a short proximal segment of the coeliac trunk is occluded, flow can still be visible because
the blood returns from the hepatic artery, supplying the splenic artery. Therefore the direction of
flow in the hepatic artery has to be carefully analysed so as not to overlook occlusion of the origin
of the coeliac trunk. Demonstration of retrograde flow in the hepatic artery is relatively casy.

In cases of significant stenosis (diameter reduction >50%) of the artery, elevation of velocities is
observed at the site of stenosis, with post-stenotic changes (turbulence, disorganisation of flow
at spectral analysis). A very important parameter to diagnose stenosis is focal elevation of velocity
and one has to be careful not to misinterpret velocity changes caused by tortuous arteries. Peak
systolic velocities at the site of stenosis have to be compared with prestenotic arterial segments.
In cases of significant SMA stenosis after fasting, physiological retrograde diastolic flow is lack-
ing, and antegrade spectral components are emphasised. A lack of retrograde diastolic components
are seen in diabetic patients with diabetic nephropathy who may not have significant mesenteric
vascular disease. One should always remember that in healthy people after eating, continuous
antegrade diastolic flow is seen, and therefore all patients need to be examined after fasting. Low-
resistance Doppler spectra after fasting indicates a high-degree of stenosis of SMA. Doppler find-
ings of parvus-tardus spectra in SMA and the hepatic artery are not reliable signs of significant
proximal stenosis because, unlike in renal artery stenosis, abundant collateral circulation develops
[1,5,6].

Chronic mesenteric ischaemia (intestinal angina) manifests when the coeliac trunk, SMA and
IMA cannot provide sufficient perfusion to satisfy the metabolic needs of the intestinal system
after a meal. Two out of three vessels usually need to be occluded, or have haemodinamically
significant stenosis, for the condition to be manifested. Most commonly simultaneous changes
are seen in the coeliac trunk and SMA. Most atherosclerotic lesions that cause clinically mani-
fested mesenteric ischaemia affect proximal segments of the coeliac trunk and SMA, which can
be evaluated by duplex Doppler ultrasound. The condition is relatively rare in clinical practice,
and the main symptoms are weight loss and post-prandial pain (1-3 hours after a meal), which
are also seen in many other, more common, diseases of the gastrointestinal system. Apart from
atherosclerosis, which is the most common cause of visceral arteries stenosis/occlusion, other
causes may be coeliac trunk compression with diaphragm ligament (lig. arcuatum medianum),
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dissection or embolism of these vessels. Median arcuate ligament compression is usually seen in
thin young women and symptoms are manifested during expiration, when parvus-tardus spectra
may be seen in the hepatic artery and retrograde flow in GDA, while findings normalise on in-
spiration [1,6].

The most important parameter to diagnose high-degree stenosis is measurement of PSV at the
site of stenosis. The range of normal peak systolic velocities in the coeliac trunk is 98—105 cm/s,
in SMA 95-140 cm/s and in IMA 95-190 cm/s [7]. Moneta and co-authors recommend threshold
values of more than 2 m/s for the coeliac trunk, and more than 2.75 m/s from SMA to diagnose
significant stenosis. These criteria are mostly used in clinical practice [8], but some authors rec-
ommend a PSV of more than 3 m/s and EDV of more than 45 cm/s as very specific values to di-
agnose SMA stenosis [9]. PSV at the site of SMA stenosis should be compared with PSV in the
aorta, proximal to the origin of the visceral arteries; a ratio >3 indicates high-degree stenosis,
even if the PSV is not as high as expected [1] (Figure 9 and 10).

Figure 9 Coeliac trunk stenosis, spectrum demonstrates peak systolic velocity of 4.5 m/s and
end diastolic velocity of 1.05 m/s — elevated velocities clearly indicate high-grade
stenosis.
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Figure 10 Stenosis of superior mesenteric artery, spectrum demonstrates peak systolic velocity
of 4.7 m/s (a). Thrombosis of the superior mesenteric artery is shown as well (b,c).

M2104 B:46:13 ADM 698304

% 2

It is optimal to combine velocity measurements and collateral flow evaluation. The presence of
collateral flow may indicate that significant stenosis exists with adequate collateralisation, while
absence of collaterals indicates that significant stenosis is lacking or that collateral circulation
has not developed. Colour Doppler can demonstrate another collateral pathway — dilated arteries
along the medial edge of the descending colon (Riolan’s arch); through these arteries, blood flows
retrogradely, filling the SMA in cases of high-degree stenosis or occlusion of the proximal SMA.
Normal Doppler findings of the coeliac trunk and SMA normally rule out a diagnosis of intestinal
angina. If Doppler demonstrates evidence of chronic mesenteric ischaemia, CTA is regularly used
to confirm the diagnosis [1,3,5].

Doppler diagnosis of visceral artery lesions requires manual skills, an experienced operator, op-
timal examination technique on a high-quality scanner and excellent knowledge of anatomy, phys-
iological and pathological haemodynamics in these arteries.
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Aneurysms and pseudoaneurysms of visceral arteries

The most common causes of aneurysm and pseudoaneuryms of the hepatic artery are pancreatitis,
trauma (iatrogenic or non-iatrogenic) and degeneration of arterial media. Using B-mode ultra-
sound these lesions are often misdiagnosed as pancreatic pseudocysts, liver cysts or other non-
vascular lesions. This may have serious consequences because some 80% of hepatic artery
aneurysms rupture with possible lethal bleeding. The same may happen with splenic artery
pseudoaneryms caused by pancreatitis, which are often misdiagnosed as pancreatic pseudocysts.
Colour Doppler and spectral analysis of flow allows the accurate diagnosis, and arteriography
can be performed afterwards to plan surgical or endovascular treatment [10] (Figure 11 and 12).

Figure 11 B-mode image of inferior mesenteric artery pseudocyst (a). Colour Doppler image of
the same lesion with the flow in both directions (b). Spectral image of the same lesion

(c).
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Figure 12 Colour Doppler image of pseudoaneurysm of splenic artery with clearly visible neck
and flow in both directions within the PSAN lumen (a). Colour Doppler image of the
same patient (b).

Doppler in inflammatory bowel disease

Ultrasound is a very useful technique to diagnose bowel disease. Inflammation is characterised
by vasodilatation in the organ and surrounding tissues, clinically manifested as swelling and red-
ness. Vascular permeability is increased, with subsequent oedema [11]. Inflammatory processes
affecting the intestinal wall, with hypervascularisation can be demonstrated by colour Doppler.
The number of visible vessels is increased, resistance index is decreased and flow velocities are
elevated. Occasionally respiratory phasicity is decreased in some veins. By combining clinical,
laboratory, B-mode and colour Doppler data, differential diagnosis can be elucidated in cases of
intestinal wall swelling (of inflammatory, neoplastic, vascular or an ischaemic cause) [12,13].

Ultrasound is often the initial imaging modality to diagnose acute appendicitis in children, in
who B-mode alterations are the most important for a correct diagnosis. Inflammatory bowel dis-
ease in which colour duplex Doppler is useful are: Crohn’s disease, colitis and diverticulitis. The
role of ultrasound is less important than laboratory, colonoscopy and clinical findings, but it may
contribute to a fast and accurate diagnosis.

In acute appendicitis, in addition to B-mode findings of appendiceal thickening, luminal disten-
sion, mesoappendiceal oedema etc. colour Doppler demonstrates hypervascularisation of the ap-
pendix and mesoappendix, and a decrease of vascular resistance [14—16] (Figure 13).

Figure 13 Inflammatory hypervascularsation of appendiceal wall in acute appendicitis, demon-
strated with colour Doppler (a) and contrast enhanced ultrasound.
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Crohn’s disease is often detected by ultrasound, incidentally. Ultrasound is also very useful for
the evaluation of activity of the disease by colour Doppler. Transmural disease affects the whole
intestinal wall. Ultrasound demonstrates a thickened cecum and/or terminal ileum with surround-
ing hyperaemia. The combination of oedema and spasm causes the degree of wall thickening
changes during the course of the disease. In addition to thickening of the wall, one can see mesen-
teric oedema, mesenteric lymphadenopathy and abscesses. Mesenteric oedema is demonstrated
as hyperechoic tissues surrounding thickened intestine. Colour Doppler shows marked hyper-
aemia, which is so pronounced that it cannot be compared to other abdominal inflammatory le-
sions. The number of blood vessels visible by colour Doppler is increased in intestinal wall,
mesentery and lymph nodes; resistance-index values are low. Ultrasound is useful for evaluating
distribution, activity and extent of the disease and it does not require exposure of the patient to
ionising radiation, unlike CT or contrast radiographic studies. This is important, especially because
the disease often affects younger age groups [5,17-19] (Figure 14).

Figure 14 Markedly hypervascular intestinal wall in a patient with Crohn's disease — demonstra-
tion with Colour Doppler (a). High sophisticated colour Doppler imaging can differ-
entiate the hypervascular submucosal layer, muscle proper penetrating vessels (a) and
the supplying mesenteric artery (b).

In ulcerous colitis the thickening of the bowel wall is caused by inflammatory activity involving
the mucosa and submucosa, and in severe cases also involving the whole intestinal wall [12,13]
(Figure 15).
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Figure 15 Severe ulcerative colitis with pronounced hypervascularity.
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Asymmetric thickening of the colonic wall in ulcerous colitis that lasts a long time should arise
the suspicion of colonic cancer. Colour and power Doppler are not very useful for diagnosing
bowel cancer, although neovascularisation can be noted along with the B-mode finding of
“pseudokidney”, or thickened hypoechoic bowel wall surrounding the central hyperechoic mu-
cosa. Differentiation of inflammatory and neoplastic colon disease with ultrasound is often un-
reliable [12,13] (Figure 16).

Figure 16 Prominent vascularisation within the wall of a young patient with Burkitt [ymphoma
of the sigmoid colon and rectum. Colour Doppler display arterial and venous flow.
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Ultrasound is a useful method to diagnose acute diverticulitis in typical cases where it develops
in the lower left abdominal quadrant. Diverticula are found on the mesenteric side of the bowel,
at the point of entrance of the vessels into the colon wall. Thickening is seen there, and is usually
accompanied by massive mesenteric oedema that is very hyperechoic, and hypervascularisation
is visible with colour Doppler [12] (Figure 17).
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Figure 17 Acute diverticulitis: thickened bowel wall, with preserved mucosa and mesenterial
oedema. Vascularisation of bowel wall and mesentery demonstrated with colour
Doppler.
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In conclusion, colour and power Doppler can contribute to the diagnosis of inflammatory bowel
disease, since inflammatory hypervascularisation is clearly visible, especially in cases of acute
appendicitis, Crohn’s disease, coeliac sprue and other acute and chronic inflammatory bowel dis-
ease [20-25].
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