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11 NTRODUCTI ON
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Many years ago, the World Federation of Ul
decided to develop and support Centers of Exc:
to provide education i ns uwhterraes osuuncdh itnr ag enoignrga p

Later on, WFUMB decided to change the name of
These COEs offer regul ar ultrasound educatio
purpose, WFUMB ap@pmd nt ess gian dieldliec ageerdson as Di |
t he COEO. Currently, 2CORBRs , gl @amdal t hieyxehyumbdarer
Il ncreasing.

At the European | evel, the first COE was e
ti me, many educational activities were organi
WFUMB 2022. The annual COE Romani ac iwoartkisohno, p ah
numerous Euroson Ultrasound Schools have been

experience as a COE, and in collaboration wit
European COE was opened iemt@hi hiamskt w eirny 2a0clt 7 .v
beginning, or gapnprze cnigatneadn yulwerlalsound meeti ngs

The next European COE was opened in Tirana
Al bani an Society ofsmhalltlr,asiotunids i Bi glrellyatéewmwehuy:
educational activities in ultrasound. The most
i n Zagreb, Croati a, in 2023. With extensive e

fieldebZagi ckly became an outstanding COE.

As of now, there are four European Centers
Zagreb. Since the directors of these COEs are
many joint actiiawintidesnhadevieéopep. 292M@p 40l | a
have been highly appreciated.

Later on, we decided that it would be a chz
toget her, fo@dluasiengulanr aBoiumtd brsdi sfpercemt | Sit sl
COEs were invited to contribute chapters, ul t

experience of each center for training and te.

Behind the devel opment of manystEuad pewtn: CRO
Di eter Nuerenberg, MD, PhD. A fellow of EFSU
Medi cine and Biology) and an enthusiastic tea



been instrument al in thiwspgrmiuemegy .t &Vachi my eul

European | evel, his expertise has been inval u.
We hope that this joint ul trasound book
practitioners, COE ©partici peasmstison(ad tsud enntesr,e sft e
ultrasound), and beyond. The book aims to coVe
various medi cal specialties. Hi ghly experien
ensuring thatedud ast iboonoakl iasndboptrhacti cal . Each
"How can | use ultrasound for...?2", aiming to

ultrasound applications.
We hope that this book willr&@adarsefwillli ner

benef it from its content.



2HOW CAN ULUREBESOUMD CHRONI C DI FFU!
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Ultrasound is increasingly recogmietgdeapl a
the daily practice of gastroenterologists and
ultrasound training is integrated into fell ow:

ultrasound canofbar ae sreald alsi tay pwiithnhi n t hese fi el

When performing abdominal ultrasonography, we recommend a systematic evaluation of
the entire abdomen, focusing particularly on the region(s) of clinical interest. According to the
recommendati ons obuntteBaWkUMBaUbsysthematic A6+
ultrasound examination can be used. This protocol begins with a transverse epigastric section,
followed by a longitudinal epigastric section. Position three is the right oblique subcostal view,
followed by the right intercostal view (position four). Position five is the left intercostal view, and
lastl vy, the hypogastric region (both transve.
protocol 06 also invol ves eva boweal assessgent, specifiaaliy g ht |
the sigmoid region on the left and the terminal ileum and appendix on the right.

Figure2.1. Ultrasound image of the normal liver, highlighting the hepatic hilum with the portal vein,
common bile duct, and hepatic agterdjacent to the gallbladder



Figure 22. Ultrasound image comparing the echogenicity of normal liver parenchyma
with that of the renal cortex, illustrating their typical similarity in echotexture.

Under normal conditions, liver examination reveaf®mogeneous hepatic structure, with
clearly visible hepatic veins, and a portal vein that can be traced to the hepatic hilum. The posterior
aspect of the diaphragm should also be well visualized. When examining the spleen, the entire
organ must be displagieand its length measured from one pole to the other. The normal spleen
size is typically less than 12 cm in length, although some authors use a cutoff of less than 13 cm.

Figure2.3A-B. Oblique subcostal ultrasound view of the hepatic veins,
demongrating their normal branching pattern and anechoic appearance

10



Figure2.4. Ultrasound image of a normal spleen, demonstrating homogeneous echotexture
and a length measurement within the normal range (<12 cm).

Figure2.5. Cdor Doppler ultrasound of the spleen hilum, showing normal splenic vasculature
with appropriate arterial and venous flow dynamics.

When evaluating the liver, several key elements must be assessed: the homogeneity (or
heterogeneity) of the parenchyma, siieface contour of the liver, patency of the hepatic and portal
veins, evidence of fatty infiltration, the diameter of the common bile duct (CBD) and intrahepatic
biliary tree (whether normal or dilated), and the presence of any focal liver lesions (FLL).

In terms of clinical context, there are two main scenafibs. first arises when a routine
abdominal ultrasound examination incidentally reveals hepatic abnormalities, such as a
dysmorphic liver, splenomegaly, ascites, signs of portal hypertensiongadtifeer lesions. The
second scenario occurs when patients present with specific hepatologicad i&suEstance,
elevated aminotransferases or bilirubin, jaundice, or increased ggtatamyl transpeptidase
(GGT)d where an ultrasound examination carebpecially useful.

11



This chapter focuses on the role of ultrasound in chronic diffuse liver diseases. In these
patients, standard ultrasound should systematically evaluate the structure of the liver parenchyma,
spleen size, signs of portal hypertension, tnepresence of ascites. Doppler assessment of the
portal, hepatic, and splenic veins is also useful, although this topic is covered in the dedicated
Doppler chapter. Over the past two decades, ultrasbased elastography has undergone
significant devedpment and is now routinely employed for evaluating both the liver and spleen.

In cases of chronic viral hepatitis, standard ultrasound findings are often normal. However,
when structural changes are detected, these findings may suggest more advansedidisea
extensive fibrosis). Mild splenomegaly (>12 cm) can be found in chronic viral hepatitis,
underscoring the need for precise measurement of the spleen. In chronic hepatitis B and C, as well
as in autoimmune hepatitis or primary biliary cholangiise or more ovoid, hypoechoic lymph
nodes measuring approximatelydxm by 1 1.5 cm may be visualized in the hepatic hilum (Figure
2.6). Conversely, when a lymph node in the liver hilum is identified during an abdominal
ultrasound, further investigatiofor chronic hepatitis through appropriate laboratory tests is
warranted.

Figure2.6 A-B. Ultrasound Imaging of a Hepatic Hilum Lymph Node:
Ovoid, Hypoechoic Structure, Suggestive of Reactive or Pathological Lymphadenopathy.

Standard ultrasounplays a critical role in diagnosing fatty liver disease, a condition that
has become increasingly common, particularly in developed countries, where it affects
approximately 30% of t-d&nlec plho@luilatfi atnt.y Tlhiev @ re r dni
now been replaced biasmmoeti alteldi stdeywstfounaoct iladanwver

In the assessment of fatty liver, standard ultrasound demonstrates good &ccuracy
especially for moderate and severe steatosis (i.e., clinically significang high spcificity. The
hall mark wultrasound signs include a Abrighto
beam (Figure2.7A). By examining the degree of increased echogenicity (tead | ed dAbri g
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liver) and the extent of beam attenuation, aetthje grading of steatosis severity (mild, moderate,
or severe) can be made.

An important indicator of liver steatosis is the hepatorenal index (FRUE). Under
normal conditions, the echogenicity of the renal cortex is similar to that of the adijaeent
parenchyma. However, in steatosis, the liver appears hyperechoic relative to the kidney cortex,
leading to an increased difference in echogenicity between the two organs. Studies have shown that
the hepatorenal index is a highly relevant ultrasaiga in diagnosing liver steato8igotentially
more reliable than the fbr idgvheh Galidatedwagainst livert h 1
biopsy as the gold standard.

In clinical practice, we recommend routinely comparing the echogenicities of ¢naiid
right kidney during ultrasound, to aid in diagnosing steatosis. However, this comparison may not
be valid in patients with chronic kidney disease, who often exhibit increased renal cortical
echogenicity, thereby diminishing the reliability of thigrs

Figure2.7 A-B. Ultrasound Assessment of Hepatic Steatosis: A. Increased Liver Echogenicity
with Posterior Attenuation and B. Increased Hepatorenal Index, Suggestive of Fatty Liver Infiltration.

Because the assessment of liver steatosihiesemtly subjective, various scoring systems,
such as the Hamaguchi score, have been developed. This particular score assesses four ultrasound
findings: liver brightness, posterior attenuation, the hepatorenal index, and vessel blurring (i.e., the
clarity of vascular borders and any luminal narrowing). Although the Hamaguchi score appears to
provide a more objective evaluation of fatty liver, it is not commonly used in routine practice.

Nonetheless, several critical considerations remain with these subjatiethods,
including variability in interpretation, differences in ultrasound machine quality, and challenges in
monitoring steatosis progression or regression over time.

13



Over the past decade, the Controlled Attenuation Parameter (CAP) has been intagsduced
a module within the FibroScan® (Echosens) device, offering a more objective assessment of
hepatic fat infiltration. A key advantage of FibroScan is that it can rapidly evaluate both liver
steatosis and liver stiffness via vibratioantrolled transientlastography (VCTE). Proposed
cutoff values for mild, moderate, and severe steatosis have been shown to be consistent for both
the M and XL probes (the latter used for obese patients). In MASLD, these cutoffs are
approximately 290 dB/m for mild steatos&,0 dB/m for moderate steatosis, and 330 dB/m for
severe steatosis. Metaalyses suggest that CAP accuracy ranges between 80% and 90% when
compared with liver biopsy.

More recently, quantitative ultrasound (QUS) techniques for steatosis assessmeeaehave b
developed, and most highndd and some migangé ultrasound systems now include these
modules. The underlying principles involve measuring attenuation, backscattering, speed of sound,
or combinations of these parameters. Different manufacturers hanasuoéd their own
commercial names for these modules, such as UGAP (General Electric), UDFF (Siemens), and
USSF (Samsung), among others.

Figure2.8. Quantitative Ultrasound for Liver Steatosis Assessment (UGAP)

Studies in patients with MASLD, comparititese QUS techniques against liver biopsy or
MRI-PDFF, have demonstrated very good accuracy, exceeding 90% in some systems. The main
advantage of QUS is its integration into standard ultrasound machines, which allows for objective
and reproducible measuments that facilitate patient followp. The primary limitation remains
the cost of ultrasound devices equipped with these modules; however, several manufacturers now
offer these features in miénge systems, making them more accessible.

Classical ultrasond has limited utility irassessing liver fibrosjss it typically detects only
the signs of advanced disease. Key ultrasound findings suggestive of fibrosis include parenchymal
heterogeneity, an irregular liver surface, enlargement of the caudatsptdreymegaly, signs of

14



portal hypertension, and gallbladder wall thickening (attributable to hypoalbuminemia and portal
hypertension). In a comparative study using liver biopsy as the gold standard for chronic hepatitis
B patients, combining these paramstgielded 80% accuracy for diagnosing compensated
cirrhosis. Visualization of the liver surface is facilitatedthg presence gberihepatic ascites,
which allows better delineatiénparticularly when employing a higinequency linear transducer.
However,for detecting fibrosis in patients with chronic hepatitis, a study comparing standard
ultrasound to biopsy reported a sensitivity of only 25%, although specificity reached 80%.

Figure2.9 A-D. These Bmode ultrasound imageshow a heterogeneous (inhomogeneous)
hepatic parenchyma and an irregular, nodular liver surface, both classic features of cirrhosis reflecting
advanced fibrotic changes.

Enlargement of the caudate lobe (segment | of the liver) can also indicateisiriios
lobe is measured in the anteroposterior dimension (from the posterior surface of the lobe to the
ligamentum venosum), and normal values are typically below 35 mm. In cirrhotic livers, this
dimension can exceed 35 mnoccasionally reaching 560 nm - resulting in a characteristic
appearance of this segment.

15



Figure2.10 A-B. Ultrasound Findings of Normal (A) and Enlarged Caudate Lobe (61 mm) (B)

Evaluation of the portal vein (PV) may reveal signs of portal hypertension (PH). These
findings include a PV diameter greater than 14 mm at the hepatic hilum, dilation of the intrahepatic
portal branches, enlargement of the splenic vein, and, in some instances, splenic varices.
Additionally, the left portal vein may display recanalization of the uwddilvein, forming a
vascular channel between the left portal vein and the umbilicus.

Figure2.11 A-B. Evaluation of the Portal Vein (A)-Biode ultrasound demonstrating a portal vein
diameter of approximately 14 mm at the hepatic hilum, suggestivdagilation.
(B) Color Doppler ultrasound confirming an enlarged portal vein lumen,
consistent with early signs of portal hypertension.
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Figure2.12 A-F. Ultrasound Findings Indicative of Portal Hypertension and LivehGsis

(A) A dilated portal vein is visible, reflecting increased portal pressure. (B) Recanalization of the
paraumbilical (umbilical) vein is evident, forming an abnormal vascular channel in the ligamentum teres.
(C) The gall bl addelrayemeansdttrhitekemed dwalbl e oft
hypoalbuminemia and portal hypertension. (D) Hypertrophy of the caudate lobe is observed, a common
feature in cirrhotic livers. (E) Splenomegaly is clearly depicted, a frequent finding in portal hypertension.
(F) Color Doppler imaging reveals splenic varices, confirming collateral circulation due to increased
portal pressure.
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Ultrasound is highly sensitive for detecting ascites, even in small quantities. Fluid
collections can be identified in the pelvic regipn the vesicarectal pouch), around the liver
(perihepatic), or surrounding the spleen. A subjective estimation of ascitic fluid volume can guide
appropriate therapy, and serial ultrasound examinations can be used to adjust diuretic dosages
accordingly If paracentesis is required, ultrasound guidance is recommended to minimize the risk
of bowel injury.

Evaluating alterations in liver echotexture remains challenging and largely subjective. In
advanced cirrhosis, the liver often exhibits marked heterdgehewever, this sign may be absent
in earlier stages. In primary biliary cholangitis, abnormal liver texture is frequently observed.

Because standard ultrasound has limited accuracy for detecting early or moderate fibrosis,
more advanced modalities amecessary. Over the past two decadekrasoundbased
elastographyhas become a standard tool for evaluating liver stiffness in patients with suspected
fibrosis. The first widely adopted technique, vibrataamtrolled transient elastography (VCTE),
is incorporated intdhe FibroScan device (EchosgngCTE is a relatively simple methadften
performed by technicians in some countriggainless, and capable of providing an objective
assessment of liver stiffness/fibrosis in under five minutes. Fibro&tens two main probes: an
M probe for norobese patients and an XL probe for obese patients. Ten valid measurements with
an interquartile range (IQR) to median (M) ratio below 30% are required. Proposed cutoff values
include <8.5 kPa for no significanbfosis, >8.5 kPa for significant fibrosis, and $18 kPa for
compensated advanced chronic liver disease (CACLD). Examinations must be conducted after a 3
4 hour fast, as factors such as elevated aminotransferases (>100 U/L), obstructive jaundice, right
sided heart failure, or a neflasting state can spuriously increase stiffness measurements.

In the past 15 years, Acoustic Radiation Force Impulse (ARFI) technology has been
integrated into ultrasound probes to enable Shear Wave Elastography (SWE). Bot8\W&
(pPSWE) and 2ESWE are now available on many highd and some mithnge ultrasound
systems, allowing liver stiffness assessment within minutes. Typicdlly) Bieasurements are
performed, with the median value expressed in kilopascals (kPa) osmpetesecond (m/s).

18
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Figure2.13 A-D. UltrasoundBased Elastography for Liver Stiffness Assessment.
(A-B) Point Shear Wave Elastography (pSWE), with a focused region of interest forsdimgle

measurements of liver stiffness.-0J Two-Dimensional Shear Wave Elastography {8W/E), featuring
a colorcoded elastogram overlay that provides-taaé mapping of stiffness across a broader region of

the liver parenchyma.

In general, feasibility of ultrasourshsed elastography exceed$ ®%, and measured
liver stiffness correlates with fibrosis severity. Accuracy for diagnosing cACLD ranges fiiom 90
95%, whereas for significant fibrosis it is approximatelyi 8. Previously, individual
manufacturers proposed their own cutoff values, but iB02@he Society of Radiologists in
Ultrasound (SRU) introduced t Fasedswieh. dccarding 4, 0O

to this rule:

<5 kPa indicates a normal liver,

5i 9 kPa rules out cACLD,

91 13 kPa suggests a high suspicion of cACLD,

13117 kPaconfirms cACLD,

and >17 kPa corresponds to a high likelihood of portal hypertension.

To To I Do Io

Liver and spleen elastography can also be used in evaluating portal hypertension (PH).
Initially, VCTE was used, with a liver stiffness enif of 20 kPa, combined with platelet count

19
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below 150,000/pL, indicating a high suspicion of PH. More recently,-aftuf 25 kPa has been
proposed as indicative of significant PH. Spleen stiffness measurement is a newer approach for PH
assessment, and a single-offtvalue of 40kPa has been suggested for detecting significant PH.
Some studies indicate that using both liver and spleen stiffness measurements, along with platelet
counts, can enhance the accuracy of noninvasive PH assessment; in many patients with
compensated cACLDthis approach may reduce the need for endoscopic evaluation (eso
gastroscopy).

Studies using Acoustic Radiation Force Impulse (ARFI) technoldgiesnely point SWE
(pPSWE) and 2EBWES have also been published, proposing a 17 kPa cutoff for diagnosirfi signi
cant portal hypertension. When liver and spleen elastography are combined with a decreased platelet
count (<150,000/uL), endoscopy can be avoided in a considerable number of cACLD patients.

In recent years, advanced ultrasound systems have acquireg@hditato evaluate the
viscoelastic properties of liver tissue. This feature appears particularly promising for MASLD by
facilitating the distinction between simple steatosis (in the absence of inflammation) and metabolic
dysfunctiori associated steatoledjiis (MASH). Some studies have demonstrated that-éigh
ultrasound devices can achieve approximately 80% accuracy in noninvasively diagnosing MASH.
Consequently, when ultrasound systems can quantify fatty infiltration, measure stiffness/fibrosis,
and &sess inflammation, a truly multiparametric ultrasound (MPUS) approach becomes feasible
for evaluating chronic liver diseases.

Elasticity map
B - , ML .0

iBCX1

SD.T2 2.04(m/s)/kHz|

m
)
iscx1
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DR:70
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[
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Figure2.14 A-B. Multiparametric Ultrasound (MPUS) for Liver Evaluation. These images demonstrate an
integrated approadhat combines shear wave elastography, attenuation measurement, backscatter
analysis, and dispersion mapping to provide a comprehensive assessment of the liver parenchyma.

Ultrasound is highly useful in patients presenting wahndice In acute hepaig,
significant ultrasound findings are -tiypeaoall
gallbladder wall may occasionally be observed due to hypoalbuminemia. In general, the primary
clinical question is whether jaundice is obstructive or causquhlnchymal liver disease. With
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obstructive jaundice, ultrasound usually reveals biliary tree dilation, including both intrahepatic
duct al dilationl i(pe@dagpeaagr andies)pi alred enl argem
(MBD). Normally, the MBD mesures less than 7 mm in diameter, though it may be slightly larger

in postcholecystectomy patients. In obstructive jaundice, the MBD can measu2@ bam.
Examination of the dilated duct may detect stones (with roughly 70% accuracy, especially for
smallerstones) or a mass in the pancreatic head. If the obstruction is located at the hepatic hilum
(e.g., cholangiocarcinoma), the intrahepatic ducts will be dilated, but the MBD will remain normal.

Figure2.15 A Normal MBD; BC. Ultrasound Findigs in Obstructive Jaundice: Dilated Intrahepatic (C)
and Extrahepatic Bile Ducts, Including a Prominent Common Bile Duct (>12 mm) (B)

When jaundice is related to decompensated cirrhosis, ultrasound typically shows cirrhotic
changes, such as parenchymaéhmgeneity, caudate lobe enlargement, splenomegaly, and ascites,
while the biliary tree appears normal. Ultrasound is also valuable for investigating vascular liver
disorders like BuddChiari syndrome and portal vein thrombosis. In Bu@hliari syndrome, 1oe
or more hepatic veins may be absent or significantly narrowed. Doppler ultrasound and Contrast
EnhancedUultrasound (CEUS) are particularly helpful in these cases.

21



Figure2.16. Ultrasound findings suggestive of Bu@tiari syndrome: In this image,dtexpected hepatic
veins are not clearly visualized. The hepatic veins appear absent.

Assessment of the portal vein may reveal either partial or complete thrombosis, appearing
as a fAsolid structureo within t heignhntthrembi CEU S

with high accuracy. In patients with cirrhosis or hepatic malignancies, evaluating the entire portal
system is essential, as the detection of a thrombus can substantially alter the therapeutic plan.

Figure2.17 A-B. Two B-mode ultrasond images illustrating echogenic material within the lumen
of the portal vein, consistent with portal thrombosis. The normally anechoic vascular channel appears
partially or completely filled.

In individuals with cACLD or advanced fibrosis, ultrasounéssential for hepatocellular
carcinoma (HCC) surveillance. These patients have B5%mannual risk of developing HCC,
depending on factors such as etiology, sex, and age. Current guidelines recomian@maabi
ultrasound screening alongside algheproein (AFP) testing for early detection. To optimize
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sensitivity, the ultrasound must be performed by experienced opératarscularly for patients

with markedly heterogeneous livérand must include thorough scanning of the entire hepatic
parenchyma. Adegate patient cooperation and a higlnlity ultrasound machine are also crucial.

In cases where certain liver regions cannot be visualized or the liver is extremely heterogeneous,
additional imaging (e.g., contrashhanced CT or contrashhanced MRI) igndicated. The
concept of abbreviated MRI for HCC screening has gained attention in recent years, but the large
number of CACLD patients requiring lifelong surveillance poses substantial cost and logistical
challenges. Importantly, individuals with cirrh®svho achieve a virological cure from HCV
infection must continue lifelong HCC surveillance.

Figure2.18 A-B. B-mode ultrasound images showing a predominantly heterogenous focal lesion
in the right hepatic lobe, with a hypoechoic halo, findingsthiae suspicion for hepatocellular carcinoma
in the context of liver cirrhosis.

In conclusion ultrasound remains a cornerstone in the evaluation of chronic liver disease due
to its safety, coseffectiveness, and retime imaging capabilities. While tinnsic limitations such
as operator dependency and challenges with image @qualiyecially in patients with obesity or
excessive bowel gésare acknowledged, these issues can be mitigated by striattaddeo
standardized protocols and proper trainiRgcent advancements, including Shear Wave Elasto
graphy, Contrast Enhanced Ultrasound have further enhanced the reproducibility and precision of
this modality, allowing for earlier detection of fibrosis and other diffuse hepatic changes.

Although sectionimaging techniques like CT and MRI may offer superior sensitivity in
identifying subtle parenchymal alterations,
that gap, while maintaining its unique advantages as a-pbuodre tool. Its ability d rapidly
deliver diagnostic and therapeutic insights makes it indispensable for a range of clinfaciams
hepatologists to radiologists, internists and general practitionéirsately reinforcing its pivotal
role in the daily management of chronier disease.
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SULTRASOUNDHEVALUATI ON OF PORTAL
HYPERTENSULONRASOUND | NPASAPHELEDOGY
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1. I ntroducti on

Portal hypertension (PH)eipomanhalnecekensgyshe
t he openisywstoedmipcorctool | at er al s, whipclesalurewpll
system and flow into the systemic circulation
cause of portlalvehrypcerrtrennossiiosn, icshar acterized by
l evel of hepatic sinusoids due to the accumul
contraction. Ot her causes of portal hheypaeritcen:
postsinusoidal, Il ntrahepatic presinusoidal, i

para@oaphhis chapter).

The gold standard for quantifying the seve
hepatic venousHYP@)ssuwiet grtalde enwal e of >5 mmHg

port al hypertension, and >10 mmHg <clinically
associated with the risk of devel oping compl
decompoenn saantdi deat h. HVPG is measured by invasi
veins and represents difference between wedg:ce
occluded by small ball oon at the alilpoonf hase bk
defl ated. I n fact, this is surrogate but most
i maging method has been demonstrated to accur
met hod is invasive amnat edequédrmrsesanmnekli liltedhasndna
many centres. Therefore, in clinical practice
and/ or endoscopy. Moreover, the numerical val
the sevpyerity dfypertension in cases of postsir
situations, we must rely on morphological indi
endoscopic findings. Both of tthensoet arnei tciaapla bslte
nor they can numerically quantify the severit:
varices (EV), portosystemic shunts and ascite
and from this thrasholidniPdHalilsy coingnidfeirealnt ( C
complications may be assessed by imaging met h
be used to confirm the presence of clinicall
mor phmdlogsi gns are present. However, the abse
exclude the presence of portal hypertension.
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Apart from detecting morphol ogical stgns of
es) of PH, i . e. itod oye fciane stulbst pat opteysponsi bl
I ncluding thetamwdtaemi ccahli sll swehls sa gihe f egant snu
achievements of these goals can be -sfcaacdiel iUt e

Nowdaysastography has become inevitable tool f
combining al/l these modalities US has indeed
met hod. In the text t hat foll ows wel ér scuwund
el astography in diagnosing portal hypertensi o

2. Ultrasound signs of PH
2.1Morphol ogical signs of-spaftalul hypsouands

The presence of certain morphological signs
aat omi cal |l evel at which the causative substra
of PH is Iliver cirrhosis, US findings typical

this aetiology of PH.pSomk flostonkeéei veaWwsSesi of

Most common US sdi¢mas edf pPHtiahchvedea (PV), s
mesenteric vein (SMV) with r educ esdy srteesnpiicr avteonra
coll ater alss,t he&s sw@lnls of visceral galolnlglesddeom
stomach/ bowel awal kt e e3d. ¢ama3g 2bp e d

Figure3.al. Morphological signs of portal hypertension by gesale (Bmode) ultrasound.
Cirrhotic liver surounded by ascites, dilated portal vein (>13 mm), galbladder wall edema (>3 mm)
(left panel). Splenomegaly (>13 cm) (right panel).

Spl enomegaly is defi-oadddadly) tdiea nbe tpeorl ae x c(ece
average person (mdi wvilBualms)n veEowevead I3G% mi gl
of cases, especially in &dutobaliyci €i achompani ¢
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of PH in patients with the history of erhroni c
conditions such as heart failure, severe hypo
ausative substrate is |l ocalized dowrhstpradam t
auses of PH) it -bEcmomme $§ o dl Ihaht cadbd ( BV) . 5and |
espiratorMdyyPpwamni @t aonet e« due to high portal p

= 0 0

Porstyost emi c coll aterals are highly specifi
maging studies including-stylse ebSat é&rbal smoisrtclc
ecanali zed umbil i cal vein an3d2a.ol Theeuabs ! i
ypically originates from the | eft branch of
o reach the ant ewheorre aibtd otnrianvael| swableneat h t he
he umbilical region. Splenic collaterals appe
ol our on Doppler imaging, | ocated inhebhe spl
oll aterals, veins forming a splenorenal shun
he spleen to the renal vein.

~ O O + ~+ ~ = -

Figure3.a2. Portosystemic collaterals: recanalized umbilical vein arizing from the left liver lobe
(left panel), sapiginous collateral veins in the splenic hilus (right panel).

Additionall vy, coll aterals from the upper
paraesophageal veins, l eading to the developr
(LGV), abhsothkhkerowaronary vein, arises from the
curvature of the stomach. It can be visualize
of port al hypertensi on, t he LGV thiecamméec ame
hepatofugal, meaning blood is redirected frol
|l eading to the formation of esophageal vari c
coll aterals can also berabsewveHdinashwedlodsne
wal | s. I n some cases, careful scanndwmgi ndrtohueal
spleen as andeapnuseveawi gdewric fundal vari ce
filled wiht ke hl icqquwi de achieved by having the pa
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2.2Haemodynamic changes in portal hyperten:

2. 2Dbppler in healthy Iliver

Bl ood is supplied to the I iver t hwoluwgre)t he
and the hepatic artery (the remaining 25%), w
hepatic veins. The portal vein branches into
small er branches f ormemtcsh, odnd hteh ee i sgchme hpegtatt @ rc
artery. There are three main hepatic veins, w
a common trunk.

Bl ood flow in the |liver's Dblood vessels ca
Doper is used to assess the presence of blood
Doppl er performs spectral analysis, evaluatin
flow velocity. By app!l yi nogo ds pfel coiw ivce | noacti ht el neast, i
have been developed. These indices provide no
numer i cal i nformation about the resistance to

I n the portal wveilngw tihse e peaetcdp eotnalo,f rbd amidr
the I iver, and it is coded in red if the wultr
right l i ver | obe. Pul sed Doppler imaging reve
t het plorvein, with slight oscillations in peak

The average peak velocity (Time Averaged Maxi
40 cm/ s, while the average meamnhAM\W¥) orcangyes( Th erte
13 n3@ m/ s.

The Doppler spectrum in the hepatic artery
of the abdomen (liver, spleen, and kidneys). I
antegrade di gstmelaind ngompanentel ocities remain
cardiac cycle. This indicates that blood fl ow
systole and diastol e, without the iniaralbrne
viscer al arteries. Thi s t yrpees iosft asnpceec tsrpuent tirsu mr
systolic peak velocity rangesdibaedtweleinc 3We |aoncdi

bet ween 15 an@.32a5rcmhs OBnglu)e

Onetbf most commonly used Doppler indices
calcul ated by dividing the differendeé abebiweer
velocity by the systolic peak vRI)ciwlyi clhA B$§ mo
by dividing the difference betdMeasnt alhiec swesltood i
tim®@eraged maxi mum velocity (TAMax) measured [
cycle (systole dndadiuest claegpadl. ewvthwaleenRn or ma | P
are @Wp9to

I n cases of increased resistance to blood
i ncreases -dvihadteoltihe welldoci ty decr eanee,r sled aydi r
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cases of reduced resistance (e. g-.-di ashteo Ipirce sveenlc

i ncreases, resulting in a | ower RI

The most complex Doppler spectrum i s obser
triphasi Whwaveéher ml trasound probe is placed be
craniall vy, toward the junction of the hepatic
spectrum i s obtained. This consliisnes) oan d ntew@ ors

defl ections (bel @dw3at hlee fbtaspdnelle)). (Fi gur e

/
I

; \\ 1:
Y

=
“2.50M R13.0 G53 C5

Figure3.a3. Spectral Doppler imaging of the hepatic vein (left panel) and hepatic artery (right panel)
in a healthy person. Note triphasic waveform from the hepaii; and low resistance arterial waveform
from the hepatic artery (normal peak systolic, end diastolic velocities and resistive index).

The positive deflection represents the a
of the bl oiodmfir® mdit hec tadetdo waorwda rtdh et hulr térs avdedru ma

in a positive Doppler shift. The two negative
During these phases, bl ood flows from theolth
right wventricle, moving away from the ultraso
bel ow the baseline in the spectral Doppler di:
on the structure of tbdysamroupsdndgtliomeri bi §
potenti al pat hol ogi cal connections, such as d
artery into the hepatic veins.

The spleen is a very iIimportant orgaanl t hat
hypertension (PH), as it undergoes not only n
healthy spl een, bl ood enters through the spl ¢
contributes to the portal veeniinc falrotwe.r yDoipsp | elrs
resistance type. I n addition to the resistanc
I n the absence of portal hypertension, t hese

average meanodiltoydi rfltolwe vepl enic vein at the
port al hyplesr m/lesasi on i s <
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2.2DPppler in portal hypertension

With the onset of PH significant changes t
be assesseWdS.byl Dotppriresr t hese findings may helj

the cause of PH. As in previous paragraph, mo.
by Iliver <cirrhosis. Abundance of tbeoabemmadah
changes |l ead to the distortion of l i ver archi
compression of the intrahepatic branches of h
with the narrowingooacbematatiennatoexdsrdaoel L
Di sse, these changes resul't in the increased
phasicity of the Doppler waveform (or | ess <co
HV demes reduced: wuswually it |l oses i1its triphas
mi ght be additionally influenced by the prese
portal wvein and HV. Rever satlalofi nthee heopatad f ubg
specific sign of severe PH, wuswually resulting
from other intrahepatic causes (Figure 4, rigl
present, asofhpodtakbcvebn blood flow remains

cirrhos8da(Hiegur epanel ) .

Figure3.a4. Spectral Doppler imaging of the portal vein in patients with cirrhosis:
hepatopetal flow with diminished velocities (Iptnel), and hepatofugal flow
(coded in blue colour, on the right panel)

Therefore, even if highly specific, this fi
with the progression of cirrhosis amhadr PHheotitrm

averaged mean velocity (TAMV)), whereas i n ca
abundant port al bl ood inflow more sinusoidal
i's due to helical moti omsof eadetbl|l obh@d i mcPW¥as
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vel ocity (PSV >60 ecdn/ass)t oanidc dvienmhionciisthye di ne nHIA, r

HA resistive index (RI >0.7) . However, i n cas
formed, HA RlIslhedodiees tdo mdmap in the periphers
and the resultant waveform in HA becomes chan
hypertension | eads to the congestion of the s
hperplasia, both | eading to the increased spl
the spectral recording from the intraparenchyr
spectral shape with hdigansaposl@hk ocy st @Isi, c uand maa\
splenic RI and Plst uddned oo ptphlee rmoisntd iwealtlor s o f
splenic artery pulsatility index, with a thre
more | nklelcmtteotihe presence of portal hyperten
after marking the peak velocities over the at
(manually or automatically). [l no oidn dfil voiwd waell so cw |
splenic vein increases and exceeds 15 c¢cm/ s.

product of the | onger and shorter diameter of
velocity in the peretcalfi eetmpgp, ahds sandiitgihvity
esophageal varices in patients with cirrhosis
portal hypertension might be assessed by Doppl
artesSMA) i mpedance indices, particularly Pl <2
(nor mal value around O0.87). Conversely, spl an
arterial perfusion of the kidepeysatraesuonhti agte
with their RI becoming elevated (>0.7), i ndi c
Among more complex Doppler indices, one of th

representingctdes raddtoi dredlweame a, amai mg amatvied lo
over bhé wg¢at u@.ctnf/ sar ound

Il n con,cltulee omr esence of portosystemic coll a
vein are highly speciftioisgiygn3IhetoabBHdalbe®e Ilod&c
and indices as described above highlights the
reliable tool for di agnosing and stratifying

numertohuesr of actors afdewdh ngys hearodiyamamii esct i on,
presence of atherosclerosi §muasandbéheéaksesre ioft

Therefore, the presence of some ofinhbhesashkbemb
|l i kel i hood of a diagnosis of port al hypertens
woul d be incorrect to establish this diagnosi
ot her el ements of arhetolting cradr pohocltougiec.alSismid!
Doppl er changes have also been shown to | ack
hemodynamic feature on Doppler analysis does
el astioggraapshessment of | iver and spleen stiffne
and wil |l be described in the next paragraph.
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2.3El astography for the assessment of port.

I n patients with chronic | PHerbdit sewas @sust!

ul trasound or hemodynamic changes described

e

astography i s recommemddad eagneanr oadd diotri arsale sn

can help determine or i grkicd kdes cCBHPaHg eaanld waurl iec ec

avo
me a
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iding the need for i nvasi ve met hods such
surements or endoscopy. I n cirrhotic patd.i
creased r esaocd afnlcoew tma wpsoead ady btlhe accumul at i
v erd ssotmeftfheirng t hat <can be measured with el a:
creasingly becomes influenced by hemodynam,
leumt hrough the portal vein. Thi s, combined

SM cannot assess this hemodynamic factor, s p

r
e
f

n
e

P
r

essure |l eads to increased spkeemnSbdomrmagasthieon
termine the presence or absence of CSPH and
port al hypertension severity.

Spleen stiffness measurement can al so be us
d -higéhophageal varices. Among all el astogr a
en the most extensively validated, which is
ecifically for this techniquell Awchgdémaegveo
ilteria can be used for the diagnosis of PH .

Presence of CSPH:LSHWORPRGQIkaP ammmHg))eti ol ogi es e
NAFLD patS®Mxt50 ,k Pa

CSPH wouk8mMO15 kPa, +3MJI2t10 k5P0
HRV uloaudSM<20 kPa, +29MQ 4001 5k0P a

Ot her el astographic methods based on acous
cl udisnhge aproiwatve el ast oeglriapemysi (OmABIWE)s herad twao
DSWE) , have al so rmieleaar imeswlttig.atdadwew drh, sgi
en tested on significantly fewer subjects,
r il lustration, the pSWE method using-Phil |
siphageal varices with a cutoff LSM <12 kPa
ecificity O0.4239nalMesdamswhofl est vadimet ausi ng 2DS
entified cutoff LSM values of 14 kP&, and

spectivel vy, as wel |l as 14 kPa amdgkS5@sbkhPhafg
rices.
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3. Detecting the cause of portal hypertens|

Causes of PH can be classified according t
pat hogemhiens ashetpoaiti cl.cabBees (congestive hea

congestive |iver d i-Gleiaasrei asmydn dcaiornreh oBC S); Ba.dd
postsinusoi dal (sinusoi dasli naubssoti rduad i id véep e-seyhrodsri os
sinusoidal -€¢idrbpatbi ponbal hy peirtesncii danl (J ag
di sease, including the nodul ar regenerative h"
shi st osomi-laespgat)i;c 3cauRreedo mpper sal(l PY&@&)nand port
(PVS), just to mention)the most common condit

3.1 Po#htepatic causes of PH

Patients with CHF have i nesriaase dc efairltl icragv i pri
pressure tranwmintas ctaw at {eé VICHf emidorhepati c vein

outflow from the I|iver, t hat becomes congest ¢
dilated (>8 mm as measured at | east 2 cm fro
galdddra wal l becomes thickened (>3 mm) , Us ueé
hi stol ogi cal |l ayer s. I nferior vena cava is di
(<50%). Doppler studies reveal tp/hpalcoadgi aala nfgeeas
Since in majorsitdgesdfhearntt efnaisl wnghits accompani
with resulting regurgitation in systole, Spec
systolic wave fusasedali thnAadcwiave. oToget her
defl ection (above the zero |ine at pul se Dop
defl ection represent i-megnttrhiec udiaars tfoillilci nwgav e Hif
transmhrough the | iver sinusoids into PV. Ther
acquiring the sinusoidal shape at spectral ane
rightded pressures the fl owrion BW lhdéeormed hbisph
l ine) resembling the shape of Doppler spectrul

| n BGQhdidar i syndrome obstructive substrate
l iver and can be | ocalised at ang tkegeénframct
right atrium. Sometimes it can be found in th
frequently caused by the thrombosis of the re
| umen of one or cnoerde W ad reeaydS bewidteth el ack of bl
studi es. As the resul't i ntrahepatic venous ¢coc
e

Thes coll aterals may hawd itckpisa3gbn . Hd peirknow!
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Figure3.a5. B-mode and Doppler images of Bu@thiari syndrome. Segmental obstruction of the middle
hepatic vein (white arrow, left panel); intrahepatic venous collateral resembling
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hockeystick (right panel).

aval segments of thehkiV¥C mhgbtgdrahort
are not that functionally i mportant wunde
e a decisive role to preserve |iver per
exaempeatabhy those draining the caudate

Hepatic causes of PH

se can be -givugeiddaln,t ossipmwssoii daall anadi spers
ent stiinwesoofdaposntr ahSeQuSat i Tchicsa ucsoensdiafi ol
y after very toxic chemotherapeutic reg
te |l eukemias). This therapy causes endo
and micrescopi vt teladi ag to the obstruc
increased upstream pressure (in sinuso

to the gallbladder wall . Bl ood fl ow d
r finding should be considered pathognor
nted before the initiation of the menti

alreaowyt poit mteedno st common cause of PH

ogia¢ &l typhstal |l y occurs in the perisinus
e cells as the main source of extracel]l
e i s coar se, surface noedudfarciarnrdh otshies , e
odul ar one, nodul arity of the | iver sur
some authors advice to analyse interfac
and wusualalcyt si swhfircehe aafe tcloenmeomt esfhen anal
e |l obe becomespestariged di>8metmei n, aHV & r
rs, whereas PV becomes dil ated, and umb

34



oedeman be easily detected. Ot her signs are co
par ag@r.dph

| di opatchira hmomnc portal h'y pseirn uesnosii doanl (111 NvCePri
PSVD, according to the new onfonmehn celbatturse )ofd & vee |
of PV producing ischaemia of the irrigated h
fashion but without excessive accumul ation of
cirrhosi s, butambaaoks of ndi davwsi s and t-dealpeg ogn
US and even Doppler studies it is often not p
and the best wayw atsd vieo nmeecanbsy imson o perfhosims| i v
stiffness i1ilskRaghy(usaasignt el astography) an
(usual Il Phae)l,owhereas the spleen stiffness 1is

I n PBC pathologicapl saabsatr atleei potiti al |tyr a at
cour se of t he di sease fibrosis progresses a
mor phol ogi cal features do not differ signific
of cirrhosi s.

3.3Pehepatic causes of PH

Most common-heegpwsd cofPHpries port al vein thror
di fferent extension encountering only intrahe
extending into other a&andclkM¥.l vien nasc wstue hp lmass & N

by erceayy e US as in thi<g opharee htohrco mBpybs.alr aasn cley

Figure3.a6. Portal vein thrombosis. Acute thrombosis with almost anechoic thrombus occupying the
intrahepatic agment of the portal vein, with patent hepatic artery (left panel). Neoplastic infiltration of the
portal vein, filled with echogenic material; portal vein is dilated and no patent lumen is seen (right panel).
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However, by usi ng Deocptpedervenion fcamnw hen dehtee cat
angle of insonation (beware: i f Doppler beam ¢
under 90A no flow will be detected eventhough
of Depp Aoumed t o caWictuh attiemd htehrfdmbw)s becomes
may be readilypcaéee dSeadanimy hgmgwhr ombosi s col | a
byass the obstructed segment aavfernrmeuPVt famsni arrg
the PV). This cavernoma is usually composed o
the wall of the the extrahepatic biliary duct
becomes thickenedr wbai oh mogbht bel by sdangerous
be wrongly considered as extrahepatic chol angi
by Doppler revealing abundant venous type fl ow

Portal veostsfeepgsesatly develops as the re
surgical resection of pancreatic head or ot her
these cases PV acquire the shapevelfodihtei essa nndigd
observed at the | evel of stenosis, with turbu

4, Monitoring the Patency of the Transjugul

The transjugul ar intrahepatic ptosr twistyhstsan €
port al hypertension and serves as a connectio
patency of the TIPS can be monitored using Dor
i n the branches of tdfeugpaolr,t arhe avreiinng bietc oinmse sd ihre

while the flow velocity in the main portal V €
bl ood flow velocity in the TIPS is between 9C¢
indicatiegodi 8S1a6.i gur e

Figure3.a.7. Ultrasound imaging of the transjugular intrahepatic peytstemic stent shunt (TIPS).
On B-mode imaging TIPS looks as the curvilinear tubular structure with echogenic walls, and patent
lumen, inserted between thHght hepatic vein and portal vein (left panel). On Doppler studies there is
flow through the TIPS directed towards the right hepatic vein, with mean peak velocity of 132 cm/s,
which is considered normal (right panel).
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Stenosi s can al go ghayyvicaslual utédasucumd and

optimized scan settings to avoid artifacts.

than 50 cm/s at the site of stenosis compared

of dicgamitf st enosi s. I n cases of TIPS stenosi
the ©prior exatmo nhepanhopmgdtamlgeagai n. Measur em
parameter in monitoring TIPS funeti omnal iptly,cea
while an increase in spleen stiffness may i

5. Conclusi on

Ultrasound is an indispensabl e method in
all owing the detection of tepdeakl mpmphol ofi pe
coll ateral s, spl enomegal vy, and ascites. Doppl
the hepatic and portal circulation that ar e
mor phol ogi cal sibasges aeemodygsemvedc the pres.
port al hypertension (CSPH) can be determined
these signs in an appropriate clinical cont e
Doppleerr edri abl e methods for determining the
di agnosis of vascular | iver diseases. | n patie

signs of <clinically significaeontemoretlalstlogp ampt
used-i noasively to determine or exclskdesiophap!
var iwemmary of t he most typical mophol ogi cal
hypertensi on B3slaprRersoepgobsreidn hamabf e using ultraso

for the presence 03.88%PH is depicted in Figure

Table3.a.1. Morphological and haemodynamic (on Doppler ultrasound examination) features of portal
hypertension. Pkbortal hypertension; Riulsatility inde, RI-resistive index, SMAsuperior mesenteric

artery.
Morphological signs of | Description Comment
portal hypertension
Dilated portal vein >12.513 mm Not highly specific, as it may be dilate
in cases of nowgirrhotic splenomegaly
such as systemic disessand
haematological malignancies
Portasystemic Recanalized umbilical vein, Highly specific, low sensitivity
collaterals splenic collaterals (hilum, surfac
splenerenal shunt), ectopic
collaterals
Splenomegaly Craniocaudal diameter >12 cm | Not universally present (280% of
(>13 cm intall individuals) patients with PH do not have
splenomegaly)
Ascites Anechoic fluid in the abdominal | Specific for PH only in the appropriate
cavity clinical context (i.e. presence of
cirrhosis); otherwise consider other
causes (peritoneal carcinomatosis!)
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Doppler features of
portal hypertension

Description

Comment

Hepatofugal direction
in the portal vein

Flow in the portal vein coded by
the blue colour

Highly specific, low sensitivity

Decreased portal
velocity

<15 cmés (Time averaged mean
velocity, or <2625 cm/s of Time
averaged maximum velocity;
conversion factor 0.57)

Someti mes Ahelica
waveform on the spectral analysis ma
be observed due to the high resistancs
portal flow in the liver

Flattened vaveform in
the hepatic veins

Normal waiveform is triphasic

Might be flattened in the absence of
cirrhosis and PH (fatty liver, other
infiltrative diseases)

Increased hepatic artel RI>0.7 Specific for CSPH if >0.78, but low

RI sensitivity

Increased spleénartery | PI>1 Portal hypertension more likely with th
Pl (parenchymal higher range of Pl value

branches)

Diminished SMA PI <2.7 Due to splanchnic vasodilatation

Yes

Splenomegaly

Dilated portal vein
Portosystemic collaterals
Ascites

Gallbladder edema

Morphologlcal signs of portal hypertension

Nodular surface
Coarse texture

Enlarged caudate lobe

Liver morphology (signs of cirrhosis)

Irregular and narrowed hepatic veins

Two out of:
= LSM=25 kPa
*  SSM>50 kPa

{+Platelets count x 10%3/L})

Liver and spleen elastography

*  Plt<150

Two out of:

Yes

*  LSM=15kPa
* S5M<21 kPa
*  PIt2150

Liver cirrhosis

Hepatic ve
Portal vein
morpholog

Analy5|s of liver vessels (patency and haemodynamics)

ins {thrombosis, stenosis, dilatation, congestive pattern})
& splenic vein (thrombosis, stenosis, flow direction, spectral
y, velocities)

Hepatic artery (patency, spectral morfphology, RI)

Yes

S0s
Porta

Circulatory diseases
Heart failure
Budd-

Chiary sy

| /splenic vein thrombosis

Figure3.a8. Ultrasound algorithm in clinical suspicion on portal hypertension (P8)M-liver stiffness
measurement, SSi8pleen stiffness measurement;Ptelets count, CSRBIinically signifficant portal

hypertension, SOSinusoidal obstructive syndrome. LSM and SSM values refer to transient elastography

(Fibroscan) by 50Hz probe. Whesing 100Hz probe SSM ecaoffs for ruling-in/-out CSPH should be
55/25 kPa according to NICER algorithm.
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The spleen is a parenchymal organ | ocated
11th rib, connected to other anat omi cal stru
|l i gaments. The eeo®m mad p zteo of3 tdm isplits | onge
up to 6 c¢cm in transverse diameter. The spl een
of the celiac trunk, while Dbl ood ich dfrhatese di f
the porWlat r avseoiunnnd anal ysi s of the spleen inc

grayscal e-moma&gingvacGBul ar anal ysis with Doppl
mi crocircul ati on eevnahl aunacteido nu lutsriandgo sahainft{roaesstS ) a
through el astography.

The most common scanning approach involves
arm abducted if necessary (placing the arm und
moves caudalilty, momakianccessi bl e for examinatior
placing the ultrasound probe in the mid or pos:c
medially to obtain a longitudinalboeoedgewhabi tbhe,
si ze, and position, the probe's position may
subcost al approach or dif-beréemtetomegnbplaiccep
when the spleen iigh sanadanhi alnldy |laoncdat gastheri orl vy
visualize it from a posterior position with th

1. Anat omi cal Variants

Anat omi cal variants that do noctcersesprreys esmtl €

pol ysplenia, asplenia, and splenic malrotati o
1T Accessor(faspl Sehenuopnaubusgue to the failur:e
during intrauterine déedSeW%Wopmentndanddusal §,0

studies uwidng oonmmgpuwphy (CT) and autopsy a

usually up to 2 ¢cm in size, |l ocated at the

the same echotexture as the sp3d.de.n, and i s

1 Polysplasemniaacr e condition characterized by t|

| ocated in the | eft or right upper guadr a
congenital anomal i es affecting the develop
t heerite pancreas, intestinal malrotation, a
T Aspl eési an extremely rare condition in whi
associated with other congenital anomali es
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Figure3.b1. Accessory spleen, depicted as small solid lesion of the same echotexture as the spleen,
localized in the splenic hilus.

2. Pat hol ogi cal Conditions

Pat hol ogi cal conditions affecting the spleer
vascular diseasess aadtcbadnggstemcuor disgaaes.

21. Changes in Spleen Size
The spleen canspl ehemegmrl|l geand acgedi f si ze.

Spl enomesgamgre commonly observed, powmittahl pr

hypert,enssyisotnemi ¢ inflammatorwntdioseases,t os mleanai
(such as extramedull ary hematopoiesi s, l ympho
di seases, or storage disorders |ike amyl oidos
(metastases) sawd| &ampleoidiesussed in subsequent
on the differential di agnosi s of spl enomegal

i nfl ammatory or hematol ogic di seases.

Regardless of the causenobhepomesal chrypest ed

hypertrophy and hyperplasia of its cellular co
fl ow, causing the spleen to become stiffer.
resistance, s cdil DU sosne dp oirrt atthenypertensi on. I
pul satility index (Pl) of intrapl edinc samtee mpia
with splenomegalGandduye btood i R Geaemmraesentt hgnmiocr
the spleen that tend to produce small cal ci fi
observed. Since cirrhosis is the most common

often present with porthloweim Ohéapoonalndets
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spl enomegaly. I n contrast, patients wi t h S
hemat ol ogic diseases do not have cirrhosi s,
i ncreased Dbl oodalv ovleunme ffllooww,v eploorci ty r emai ns
di stinction can help differentiate between t
artery pulsatility index (SAPIl) is typgablyly
while in seeénéedi pohosaishypertension, it 1is

Figure3.b2. Splenomegaly in patients with portal hypertension. Enlarged spleen measuring>19 cm in
longitudinal diameter (left panel). Increased pulsatilityeiérom intrasplenic branches of splenic artery
(SAPI=1.3, right panel).

El astography is now commonly wused in the

p
a
n
h

r

C

transient elastography being the mosti exltleynsi
015 kPa, and in clinically odsdiegninfeidc aanst ap olr e pad

pressure gradiendl i(vleWP Gt iG1fon esmsHgmeasur ement

most | iver disease etiologieshisextkbpéeshol dbese

Spleeen stiffness measurement (SSM) can al

1 SSM5®&Pa -fol ESPH (98ppcificity >

T SSM2kPa reliably excla@mwms CSPH (sensitivit

The aforemehtsonetiecutd the F0MHz oprcabe devi
has recently been suggested thadffin fcam/ar wifi ug
CSPH shoul d blen 5bbormamhdo 2i5¢c kfP@ar. t al -sh yhypesroti @drad i o s
di sease)f,nelsisvears satlinfadddk P aa,| walyis| eb ed mplween st i ff1

severity of portal hypertension.

A reduced spleen size or splenic hypopl asi

common cause of acquired s pleevneinct sh yapfof pel catsiinag
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arteri al circul ati on. Il n cases of embolizati o

embolization of smal l er branches, ti ssue nec
shrinkage, ofltodbnulra¢e ul taindg iirmegul ar spleen co
chronic hypoxia of the spleen due to congest.i
Additionally, in sickle cell anemi ac, srherpienaktaegde
although in childhood, the spleen is usually

22. Splenic Tr auma

The most common cause of splenic trauma i s
vehicle accidents oresulhterfricammuiratrsogdnmni cmaiyn j:
procedures or spleen biopsy. Splenic trauma ca8
Spl enic happmdrosnaas a | ocalized spdlelnect isaumptafr
charactyerai zdeed elr t i n the external contour of f
hematoma in th&Spsemicumdiphngrar paesents with s
signs of internal bl eeding, which can progres:

I n some caspbkenidetfhrcaguowent s may I mpl ant el :
(called Asplenosisfi) and can be incidentally
These i mplants vary in size but have thal same
di agnosis includes | ymphadenopathy or solid t
scintigraphgbediadde ni®®Oatr ed red blood cell s, as
demonstrate phagocytic activitty.s pAleteear ncaatni veed |
di agnosi s. However, this i1is wusually not nece
ectopic splenic tissue demonstrates hyperenha

23. Focal Lesions of the Spleen

Focal splenirce lreane®npatF®&IL]) giac al c hOain2g e s , (
O. ®% wultrasound examinations. These-nlepilass i c:
types.

No#WNeoplastic Lesions

Noneoplastic focal | esionsomas| udschgmt s, |
traumatic | esions, infectious | esions, and se"

Neoplastic Lesions
Neoplastic | esions chepnkhgmdluir gthuemotrcsat egori ze

T Benign HSUc!|l udes hemangi omas, alnymplhiatntgoiroanha
angi omas.

T Malignant | RSELudes pri mary mal i gnant t umo
| ei omyosar coma, fibrosarcoma, and primary
|l esions include meehsastadeshandebymphoma
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From a moalphpénongpective, f ocal csypsltamnci cl elsd so
solid dmrileand ({ Eilaudpe s
Focal splenic |l esions are more ©ésmmbnlay a
hemat ol ogical , mal i g sdarnatt,h ear tihmfne cbteiionugs pcroi nndaii
Notabl vy, around 50% of patients wi t%ofFStLlso sree m
with malignant FSLs.
‘Focalspleniclesion‘
Calcific;altion Solid lesion ‘ Cystic/fluid lesion
/// \.\\
* Isolated calcification ‘Neoplasticlesion‘ ‘Non-neoplasticlesion‘ ¢ Congenital cyst

* Calcification asthe
part of the more

complex lesion
* Echinococcus

+ Histoplasmosis

Benign tumors

Haemangioma
Hamartoma
Littoral Cell Angioma

Malignanttumors

Splenic lymphoma
Metastases
Splenic angiosarcoma

P—

* Echinococcal cyst
¢ Abscessus

* Haematoma

* Lymphangioma

* Ischaemia

* Infection (TBC)

* Granulomatous
inflammation
(sarcoidosis)

Figure3.b3. Simplified Ultrasound classification of focal splenic lesions.

Cystic
Cystic |

Congeni taarle ctyysptisc al-fliyl Iseidmpd aev iftliveisd wi t h
ncl
enhancement
or

features, i
acoustic
component s

esi

ons of

udi ng

septati

LeshenSpleen

tlcongpepheemdicmaed be cl assi

c ha

anechoic strurcd)u,r epdqatperei
(increased brightness b
ons, and no enfiBa4cement

Acquireudsuwyglsitys devel opaduentoaspbenpti baem

3 .4b)., splenic infarction, resolution of an i
infection. Thedagrewutlart esrhnch ptecs, hdavhe cker wall s
can be andc¢chdiead (cfolnuiad n denser debris
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Figure3.b4. Splenic cystic lesions. Simple cyst filled with an anechoic fluid (left panel).
Haemorrhagic cyst filled with dense hyperechoic fluid containing blood (right panel).
Courtesy of Prof. Boris Brkljacic, MD PhDxdm his archive.

Echinocowaaly dystssi ze and shape depending ¢
Echinopacasiste. Tleywytmdy oanentaaiidd cchtd cernhamdc é ow
contrast

Ly mphangaroemamul t i | ecchualnabteerde y(smu lad ssutad u o/t U roeuss
just beneath .Theysgbemott emalpasomte with contrast

Solid Focal Lesions of the Spl een

Solid focal | esi oncsalcfi f amdbispde¢e¢n mMdmkd nide
claci fications commonly develop after trauma o
echinococcal di sease, or certain fungal i nfec
can be divided into benign and malignant.

Benign tumor s

fHe mainogmaas e t he most common benign tumors o
hemangi omas. They appear as hyperechoi c, b
ul trasound, without 3abb)s.urAfotuenrdi en@n thrad ot (&d
showl yeaperi pher al nedméamf en themcederamotn g € t a
filling, without contrast washout in | ater

fHamartamasrare, occurring in fewer than 1%
as hyperechoic toenbtaeckoiwdt  hodcwlneggs ashat e
i soechoic to the surrounding pancreatic péeé
They are typically discovered incidentally
groups
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fLi ttor al Cel | isAmghreamag n( LtClAmor ari sing from
splenic sinuses. On wultrasound, It appears
i n the aBhnidsoanhamasment in the del ayed pha

Figure3.b5. Splenic haemangioma. Focal round shaped hyperechoic lesion in the spleen, with sharp
borders (lef panel), without detactable flow on Doppler examination (right panel).

Mal i gnant Tumor s

1Spl eni ¢ Liysmpthhoemamost common madnd naan e morri
or secondary. Primary spl edoidcgkli wmghdmanphe m
presents as either di ffuse splenomegaly or
(Fi @uabe. After contrast admihastedtionart adei
foll owedoubty iwasphar enchymal phase. Abdominal
alongside splenic enlargement .

fMet astastbe spleen are rare and can appear
most c¢commounmoprrsi ntalrayt tmet astasi ze to the spl e

cancer, ovarian cancer, l ung cancer, and <co
of central necrosis, as well as ca8lepificati
fSpbenic angisosaar exma emel y rare tumor, with a
per 4 million people per year. It occurs mor

with a 30% risk of splenic rmptererr@®guubrtrr
with a heterogeneous structure and areas of
3 .6b).. Af t er contrast administration, it s
enhancement, dependi ng wans htohuet eixnt etnhte opfa rneenc
This tumor has a high metastatic potential,
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Figure3.b6. Malignant splenic lymphoma. B mode ultrasound demonstrates hypoechoic solid foci within
the spleen and lymphadegrathy in the splenic hilus (left panel). Real time elastography demonstrates
increased stiffness of the lymphoma in comparison to the surrounding splenic parenchyma (Strain ratio

2.28, right panel)

Unfortunnodd yul tBr asound andi chempgllgr reaere a

di stinguishing benign from malignant focal S
hyperechoic | esions -arehwmpetethobenl|l gaiowhi heeli
CEUS can be hel pfueennnbanifgreramd imal ngnoret wl e
|l esions typically show no enhancement or hypo
retain contrast in the parenchymal phase. I n
parenchymaleop haarsltkpan g ment i n the arterial phas
provided there is no washout in the parenchy
enhancement in the arterial phase al oed woth

be malignant and require further evaluation, |

24. Vascul ar Diseases of the Spleen

Vascul ar diseases affecting the spleen inc
and splenic.vein thrombosi s

Splenic lind amaeasi omommonl!| at raisaslo cfi iali reidl Iwaittiho
endocalrtdiprnessen-bas atsi ngatidhdee n upper guadr ant o f
ul trasound, i nfarctionshppedrarpax awihypoteéed o
the splenic3. M.l ubPoppiguremaging shows an abse
affected region. In | ater stages, necrosi s an
fluid coll ections ewenhismpl| ¢émiec splgtewmr ear Aft e
admi ni stration, the -‘-enhancied &hegaoeachmin)s

surrounding splenic parenchyma.
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Figure3.b.7. Splenic infarctionSlightly hypoechoic wedgshaped area in subcapsulagion of the
spleen (white full arrow on the right panel), with adjacent haematoma on the surface (dotted arrow). Upon
contrast agent administration there is a clear demarcation of the infarcted area that is unenhanced in
contrast to the normal spleen (ehfull arrow, left panel), as well as the unenhanced haematoma on the
spleen surface (dotted arrows, left panel).

Splenic Artemayn AMdAreuwr tasmae famauwihngaods i nvol ve
| ayers of (i mea iarat, e meatli)awiadsale dd adneuwhyiscnbs | nvol v

the intimahaese meckiua ysms are most commonly | o
parts of the splenic artery. ThRyecvcadaoameurn poms
more fMnorleyuebserved and are usually caused by p
or septic emboli. On ultrasound, a splenic art
dilation of the artery (gneatldr ttylpdmc a3 0% afoets
entire circumference of the artery. Doppler ir
anfdro" pattern, which appears as alternating r
it can hiefidcamt shegmorr hage or the formation
anatomi cal structures may | imit hematoma expart
artery surrounded by hematoma | ayertshe wiupht uar e
aneurysm. The risk of rupture increases when

2.5I nfectious and I nflammatory Diseases of

I nfectious DiseasbsBpdemitchabSgless®es and tub

Splenic Adbscledees pyogeni ¢ Hyagdreird ablpd coas sf
commonly arise due to hematogenous spread of
extension of infection from adjacent structur
var ywiimege and shape, with hypervascul ar peri phe
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cases, gas bubbles may Fbeaegai s asbhsaereesvsstitminl atrh ei
characteristics and are more comambar i at agesno
abscesses may develop calcifications

I nfl ammat ory Di sieracslewssd end ercdire o8| € @msluacrhmat o
asarcoidosis.and amyl oidosi s

Sarcoidosiharacteri zed -chays etante nfgo rgmaatpipac re noafs ,

on ultrasound as hypoechoic to isoechoic (and
accumul ation) hypovascu(llFairg.no3dtol.e89 wistulail hyt ae
hepatic sarcoidosis and abdominal | ymphadenop.

Fig. 3.b.8. iSpl AAmi d saeerddediilylagwse s bB e f ocal nodul ar

parenchyma (5.3 cm, |l eft panel). Foll owing ult
hypoenchanced in compari sagn btua trheda as inrsr ccuomdirmg tp
(right panel, 4 min after contrast adr

Amyl oidgppisally | eads t o di f fuse splenic
accompanied by hepatomegal y. Due tiondwiccess porfe at
splenic arterial bl ood flow are increased. A
branching within the spleen, reflecting I mpai |
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Ultrasound (US) is currently one of the most widely used imaging method, with a
significant numberof examinationgperformeddaily. This high volume of examinationsoften
leadsto the discoveryof focal liver lesions(FLL), someexpectedsomenot, which canbe either
cystic (liquid content)or solid.

The clinical presentationof patientswith FLLs varies widely, from asymptomatic
individuals to thosewith advancedchronicliver diseaseor a history of malignancy.lt is very
importantto know the medicalhistory, sincemostFLLs arebenignin low risk patientsdefined
asasymptomatisubjects, with no history of cancer (especially if under 40), no known metabolic
or chronic liver diseas normal liver tests

The primary questionwhena FLL is discovereds whetherit is benignor malignant.B-
modeultrasoundaloneoften cannotanswerthis question gxceptfor very typical lesionssuchas
simplecysts,sometypesof Hydatid cysts,or typically localizedfocal fat accumulations.

Ofcourhdes,t ols ey sptr e dii aa nnoestthlboadweiviesa n nvasi ve
t e ¢ h nainqdupey,i nuasiey h hpeo s idtiiavgew dnaail § d n arnetrs iesmpse,ci al |y
befomemot bheaitea@ryt, r aiintdiircastti evgeirceaalit mes s Nbwadays,
| i beopsarrned eyd eteb haed v ancemma gteencgh ni que s .

For differentiating benign versus malignant ILLS, contrastenhanced(CE) imaging
methodsareneededCE-compuer tomography(CE-CT) is the oldestand mostwidely available
techniquehowevetthereis radiationexposurenvolvedandpotentialadverseeactiongo contrast
agentsCE-magnetiaesonancémaging(CE-MRI) is highly accurateandlacksionizing radiatian
risks, but it is more expensiveand lessavailable.Powerand Color Doppler ultrasoundrarely
providesignificantadditionalinformationdueto theirlow performanceén visualizingsmalltumor
vessels.

In thepastl5-20 years contrastenhancedltrasongraphy(CEUS)hasbecomeavailable,
offering a norrirradiating,point-of-careimagingmethodwith practicallyno adversesventswith
morethan90% accuracyin differentiatingbenignvs. malignantFLLs (similarly to CE-CT and
CE-MRI). Ultrasoundcontrastagents(CA) aremicrobubblesontaininganinert gas,encasedy
ashellandthustheyamplify the US signal. Theyarestrictly intravasculaendconsequentlyhey
allow the characterizatiof microvasculatur@swell asof the macrovasculaturef FLLs. The
examinationis performedwith low mechanicaindex, and after 5-6 minutesthe microbubbles
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beginto breakandthe CA slowly dissipatestheinertgasbeingexcretedhroughthelungs,sothat
they cansafelybe administeredn patientswith renalfailure. Thus,the most recent WFUMB
EFSUMB guidelines on CEUS recommend that CEUS should be used adiadiGE imaging
method in patients with renal impairment.

Ra piadfltydbeo liunsj e ¢ hGeAe m ,h a b bveass cpud alr,r iivhihheg v er
anidn heLLBu & @ hceu dll oowp p Inyhlei vitehrreeneh a n cip Ime 3dersed
desci(iTh®dd pBdsen heen h a n cpeanteinét haer t eproira lddap teas e s,
t hteypdFLIlc ameest abwi shedhlcanut €&E@Tan@EMRIThmo st
I mporaspeiEitf fer babhvgmailng reasnte hfeatchiati hpeoramd/ or
| ap b asneasl,i glneasnitconish@Aandppdgympoenhmasncragatrde e
surroungemhgachpbenomenon) .

A newerCEUSCA, Sonazoidis retainednto theKupffer cellswhereit remaingor hours,
allowing FLL characterizatiomn the postvasculamphaseMalignantFLLs do not haveKupffer
cellsandwill appeaiashypoenhanceih the postvasculamphase.

Table4.al. Vascularmphasesn ContrastEnhancedlltrasoundof theliver

Phase Start(secondsfterbolusinjection) End(secondsfterbolusinjection)
Arterial phase 10-20 3045

Portalphase 3045 120

Latephase >120 Until the bubblesdissipate

Due tgoootdheperformance of CEUS i n -EFQYMBSsSi ng
guidelines recommend-ltime LCEfe ionfagCBYS mad hadf if o

of benign vs. mailimgmamnitc | g-dtli emt s onws &t Hipioci ovm t
of mal i gnancy. Furthermore, i t-CT s o iMRE B nvmeea red e ¢
i nconclusi ve. CEUS can be wused for |liver meta
approach. Furthermore, CEWLWSR ®Camyg imadakiedy ako
characterization of I FLL in patients with a hi
can be used as first |ine CE imaging method t
of hepatocell ul aweevarciCioma (MRCA)maghaog are r
cirrhotics, CEUS can be wused for differenti al

select the FLL that require biopsy.

Further more, the American Col | eggle off atRex dti ho
CEUS is suitable for diagnosingoahraoe{pdtmsremi ne
CT, or-cbptnast MR | i n a nor mal l i ver. It s
mal i gnancy and usual llyr @apipc olpirvear edif oeasdose
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However, one must not forget the disadvant

met hod, it can evalwuate only one I esion at a
examination i s | mpaoiorredaciofustthe pvatnideont amas oa
with the examiner (for instance unable to hol

I n conclusion, which are the steps when fir
examination are i mportantdeda®cwelplataenlbisolad gihg
The -high patients include those with a histor"
fibrosis and cirrhosi s, i n which any newly fo
ot her wiege .ellaist ography is very helpful to diag
to further stratify t heripsakt ipeanttise n tAsn oitrhcelru cceast
of malignancy, i n whom any neaw nheetsai sotnass issh.o uTl hde
iI's performing CEUS, thus-odclciagwi reg aani mualtti iopa roe
reaching a diagnosis in a short time interval

I n the foll owing pages we wil/|l prederstt t he

way to diagnose t hem.

a Anechoic (cystia@ayefdaoealquleintvéry KFesinans nci de
mor e At5IDW® exami nations found a5 .pd%lvwtl erneEo rotf e
rangeO.flr%inl ..3 %

l1Typicvat ¢ysts arbesbablty cygesnhd)or oval anect
thin wal|l which can be irregul ar, thin septa
consists of a single epithceylsithibcn teanpnent Addiet it ¢
speed acceleration when passing from the sol i

of the cyst), refraction shadows 4gtFitgheardges
Fi ga2)4 They arneuluniipguee aonrd t heir size can vary
centi meters, rarely | arger than 5 cm. The pati
typical Il FLL. Rarel vy, in the case odrilwamgmayi
be present. Their US diagnosis is straightfor:
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Fig. 4.a.1. Biliary cyst, anechoic lesion Fig. 4.a.2. Biliary cyst, anechoic lesion with thir
with thin, irregular wdbk and postystic irregular walls and postystic enhancement
enhancement (arrow) (arrows). A thin septum (star) as well as a strot
posterior wall echo are also seen

2. Polycydtriegquleintéry associated with polycy
is often an incidentantd.i nThegUS naapgamtptiosnadf
l'iver, similar in appe@Fag3)edio ht hse zseismpvliae yh in
millimeters to a few centimeters. When the po
repl adehd cwsts.

Fig. 4.a.3. Polycystic liver. Numerous anechoic lesio
with thin, irregular walls are seen in the liver.
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3. Hy daariad pagreahsirtait e d
beiaamy endemic infection.
according to the

Accor di
( WH-OWGE)

t he
appearnancee

t o
Us

ng
t he

bEcihnhecogewswmt fpeci
i hh et h¢S Medpdetrrahe amyc
cCyst s 0Ostaigee ;f enaotwerves ri, 9 ythiee atolsit
superposiptrioomn gef otudsreedhemicroanpe e s s ed

Table 4.a.2US classification of hydatid cysts

Hydatid US aspect Clinical significance
cyst type
CE1l unilocular anechoic cyst witthick wall, sometimeg young hydatid cyst active stage
with fine internal echoes "hydatid sand" (fluid and
protoscolices), visible after patient repositionifigg.
4.a4)
CE2 thick wall cyst with one or multiple internalthick | mature cyst active stage
septationswhich arewalls of daughter cys (Fig.
4.a5), described as multivesicular, rosette,
horeycomb appearance
CE | CE | anechoic content,detached laminatedi f | o g transitional stage, usually se
3 3a | membranes (water lily sigilFig. 4a4, Fig. 4a6) after successful anthelmint
treatment
CE | daughter cysts ithin a solid matrixFig. 4a.7) mature cyst transitional stage
3b
CE4 cyst with heterogeneous hypoechoic and hypereq inactive/degenerativetage
content( Wall of wooh |, or sy {Fig. d a8y
absence of daughter cysts
CES echoic contentsolid and calcified wal{Fig. 4a9) Old cyst - inactive/degenerativ

stage
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Fig. 4.a.4. CE 1 Hydatid Cyst (1)anechoic Fig. 4.a.5. Large hydatid cyst (5 pointed star) wi
content, thick walls; CE 3a Hydatid Cyst {2) anechoic content and thick walls, with one daugt
anechoic content, thick walls, detached vesicle (4 pointed star), also with thick walls

endomembr dnd yfwast

Fig. 4.a.6. CE 3a Hydatid Cyist Fig. 4.a.7. CE 3b Hydatid Cyst (between
an/hypoechoic content, thick walls, detache arrows)i daughter cysts (stars) within a soli
endomembr dnd yfwast matrix
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Fig. 4a.8. CE 4 Hydatid Cystcyst with Fig. 4.a.9. CE 5 Hydatid Cystechoic
heterogeneous hypand hyperechoic conten content (star), solid and calcified wall
(Aball of wool i, (arrows)

The US diagnostic of hydatid cysts CE 1, (

Il maging I s needamkEc hFiomo cdhods ¢ amiettialhe ae epeci al |
in CE 1, where differential di agnosi s probl er
simple biliary cysts have a very thin wal/l an

CE 1 hydatidgd ayshjckhawl haand an Ainsi,de str
ultrasound gadnmndelde aperifroaartmeocdh. The m@r dlk.e&d umnmne s h
needlasssi ng through normaldehepabit ec piaom®n o y ma
Hemiuccinat e and Al bemsdahzesipa .if d tua @l h yodladaardly s¢ v d |

mi croscopic examiomlaexesn. will reveal

I n gray scale US, CE 3b, CE 4 and CE 5 hyc
l i ver Coumorass.t maghagced usef ul in such cases
since hydatid (dy gl narceh i anvoacsoccuclgasrnabhtei hDediae $ v e
5hydatid cysts since the parasite is | ong deac
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Fig. 4.a.10. CEUS hydatid cyst. Right panBFmode US (inhomogeneous,
echoic content, thick walls). Left parielnenhancing lesion (star)

4, ki vaeb 5 6 e ascsmtsasi ni ng FLL, most often cause
al so by fungi . 't I ssfepunitedeas empt amaei cnpghti
| os s, and aheaosmi cammeprmi a)e mi | df esyyenpd pencsi, a | sluy
di abetics and immunéeeclhompyomsisedampatianmi & mma
present, as wel | as elevated Iiver function 1
mo ment .

The standard US asppeocotr |iys defl i aeadtypdetkesi o
anechoic contenRi gdldd . hBPemMestreipmas t he | esi on
hyperechoic and/ oraldnhem€Coprmrnaecet @r ( Btgc 4or | i
their appeswdguancne htei memechoi c areas correspond
tissue (puss), while hypoechoic areas corresp:
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Fig. 4.a.11. Liver absces$iypoechoic, poorly Fig. 4.a.12. Liver absces$iypoechoic, poorly
delineated lesion, with anechoic content delineated lesion, with anechoic content (stai

CEUS is very wuseful fon nigheedal fty,eiwhlal e ldé
corroborated withlehed ¢tbiai pakThe eGEUY agatotse rsr

mar gi nal rim enhancement in the arterial pha
appearance), with no e(nhhiagi@edeemd bymoeéemleahc eme
(Figld4)s.. The <clinical presentation I s paramou
met astases can have a similar aspect. US gui

di agnosis and goidéetannhi bubtuceshépapy.

Fig. 4.a.13. Lefi B-mode US liver absce$sHyperechoic, poorly elineated lesion, with
thick septa: honeycomb appearance; RigBEUS arterial phase Hyperenhancing wal
and septa, with unenhancing areas.
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