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1. INTRODUCTION 

Lƻŀƴ {ǇƻǊŜŀ 

²C¦a. /ŜƴǘŜǊ ƻŦ 9ŘǳŎŀǝƻƴ ¢ƛƳƛǓƻŀǊŀΣ wƻƳŀƴƛŀ 

 

Many years ago, the World Federation of Ultrasound in Medicine and Biology (WFUMB) 

decided to develop and support Centers of Excellence in Ultrasound. The aim of these centers was 

to provide education in ultrasound in geographical areas where such training was most needed. 

Later on, WFUMB decided to change the name of these centers to Centers of Education (COE). 

These COEs offer regular ultrasound education for doctors and medical personnel. For this 

purpose, WFUMB appoints ña dedicated and responsible person as Director, who is in charge of 

the COEò. Currently, at a global level, there are 21 COEs, and this number is continuously 

increasing. 

At the European level, the first COE was established in 2007 in TimiἨoara, Romania. Over 

time, many educational activities were organized, the most important being Euroson 2008 and 

WFUMB 2022. The annual COE Romania workshop has attracted significant participation, and 

numerous Euroson Ultrasound Schools have been organized, almost every year. After 10 years of 

experience as a COE, and in collaboration with colleagues and friends from Moldova, the next 

European COE was opened in ChiἨinŁu in 2017. This new center was very active from the very 

beginning, organizing many well-appreciated ultrasound meetings with large attendance. 

The next European COE was opened in Tirana, Albania, in 2019. Despite the fact that the 

Albanian Society of Ultrasound is relatively small, it is highly enthusiastic and has initiated 

educational activities in ultrasound. The most recent European Center of Education was established 

in Zagreb, Croatia, in 2023. With extensive experience in both ultrasound and education in this 

field, Zagreb quickly became an outstanding COE. 

As of now, there are four European Centers of Education: TimiἨoara, ChiἨinŁu, Tirana, and 

Zagreb. Since the directors of these COEs are good friends and have strong teams behind them, 

many joint activities have been planned and developed. Some collaborative webinars (2021, 2024) 

have been highly appreciated. 

Later on, we decided that it would be a challenging yet rewarding endeavor to write a book 

together, focusing on Point-of-Care Ultrasound in different fields. The best specialists from these 

COEs were invited to contribute chapters, ultimately creating a book that integrates the collective 

experience of each center for training and teaching purposes. 

Behind the development of many European COEs, one name has always stood out: Prof. 

Dieter Nuerenberg, MD, PhD. A fellow of EFSUMB (European Federation of Ultrasound in 

Medicine and Biology) and an enthusiastic teacher and mentor in the field of ultrasound, he has 
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been instrumental in this journey. With over 20 years of experience teaching ultrasound at the 

European level, his expertise has been invaluable to all European COEs. 

We hope that this joint ultrasound book will be highly beneficial for ultrasound 

practitioners, COE participants (students, fellows, and other professionals interested in learning 

ultrasound), and beyond. The book aims to cover multiple fields of ultrasound, making it useful for 

various medical specialties. Highly experienced teachers have contributed their knowledge, 

ensuring that this book is both educational and practical. Each chapter begins with the question: 

"How can I use ultrasound for...?", aiming to provide answers to different pathologies and their 

ultrasound applications. 

We hope that this book will be useful in clinical practice and that readers will enjoy and 

benefit from its content. 
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2. HOW CAN I USE ULTRASOUND IN CHRONIC DIFFUSE 

LIVER DISEASES? 

Lƻŀƴ {ǇƻǊŜŀΣ !ƭŜȄŀƴŘǊǳ tƻǇŀ  

²C¦a. /ŜƴǘŜǊ ƻŦ 9ŘǳŎŀǝƻƴ ¢ƛƳƛǓƻŀǊŀΣ wƻƳŀƴƛŀ 

 

Ultrasound is increasingly recognized as a clinical specialty and is routinely employed in 

the daily practice of gastroenterologists and hepatologists. In some countries, such as Romania, 

ultrasound training is integrated into fellowship programs for these two specialties. In this context, 

ultrasound can be used as a point-of-care modality within these fields. 

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 

recommendations of the ñWFUMB Ultrasound Book,ò a systematic ñ6+ protocolò for abdominal 

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 

lastly, the hypogastric region (both transverse and longitudinal views) is examined. The ñ6+ 

protocolò also involves evaluating the right and left iliac fossae for bowel assessment, specifically 

the sigmoid region on the left and the terminal ileum and appendix on the right. 

 

 

Figure 2.1. Ultrasound image of the normal liver, highlighting the hepatic hilum with the portal vein, 

common bile duct, and hepatic artery adjacent to the gallbladder 
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Figure 2.2. 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 reveals a homogeneous 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 displayed, and 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. 

 

  

Figure 2.3A-B. Oblique subcostal ultrasound view of the hepatic veins,  

demonstrating their normal branching pattern and anechoic appearance 
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Figure 2.4. Ultrasound image of a normal spleen, demonstrating homogeneous echotexture  

and a length measurement within the normal range (<12 cm). 

 

          

Figure 2.5. Color 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, the surface 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 scenarios. The first arises when a routine 

abdominal ultrasound examination incidentally reveals hepatic abnormalities, such as a 

dysmorphic liver, splenomegaly, ascites, signs of portal hypertension, or focal liver lesions. The 

second scenario occurs when patients present with specific hepatological issuesðfor instance, 

elevated aminotransferases or bilirubin, jaundice, or increased gamma-glutamyl transpeptidase 

(GGT)ðwhere an ultrasound examination can be especially useful. 
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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, and the presence 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, ultrasound-based elastography has undergone 

significant development 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 advanced disease (i.e., 

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 cholangitis, one or more ovoid, hypoechoic lymph 

nodes measuring approximately 2ï4 cm by 1ï1.5 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 investigation for chronic hepatitis through appropriate laboratory tests is 

warranted. 

 

        

Figure 2.6 A-B. Ultrasound Imaging of a Hepatic Hilum Lymph Node:  

Ovoid, Hypoechoic Structure, Suggestive of Reactive or Pathological Lymphadenopathy. 

 

Standard ultrasound plays 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 the population. The term ñnon-alcoholic fatty liver diseaseò (NAFLD) has 

now been replaced by ñmetabolic dysfunctionïassociated steatotic liver diseaseò (MASLD). 

In the assessment of fatty liver, standard ultrasound demonstrates good accuracyð

especially for moderate and severe steatosis (i.e., clinically significant)ðand high specificity. The 

hallmark ultrasound signs include a ñbrightò liver with ñposterior attenuationò of the ultrasound 

beam (Figure 2.7A). By examining the degree of increased echogenicity (the so-called ñbrightò 
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liver) and the extent of beam attenuation, a subjective grading of steatosis severity (mild, moderate, 

or severe) can be made. 

An important indicator of liver steatosis is the hepatorenal index (Figure 2.7B). Under 

normal conditions, the echogenicity of the renal cortex is similar to that of the adjacent liver 

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 ultrasound sign in diagnosing liver steatosisðpotentially 

more reliable than the ñbrightò liver with ñposterior attenuationòðwhen validated against liver 

biopsy as the gold standard. 

In clinical practice, we recommend routinely comparing the echogenicities of the liver and 

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 this sign. 

 

    

Figure 2.7 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 steatosis is inherently 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 subjective methods, 

including variability in interpretation, differences in ultrasound machine quality, and challenges in 

monitoring steatosis progression or regression over time. 
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Over the past decade, the Controlled Attenuation Parameter (CAP) has been introduced as 

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 vibration-controlled transient elastography (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 steatosis, 310 dB/m for moderate steatosis, and 330 dB/m for 

severe steatosis. Meta-analyses suggest that CAP accuracy ranges between 80% and 90% when 

compared with liver biopsy. 

More recently, quantitative ultrasound (QUS) techniques for steatosis assessment have been 

developed, and most high-endðand some mid-rangeðultrasound systems now include these 

modules. The underlying principles involve measuring attenuation, backscattering, speed of sound, 

or combinations of these parameters. Different manufacturers have introduced their own 

commercial names for these modules, such as UGAP (General Electric), UDFF (Siemens), and 

USSF (Samsung), among others. 

 

 

Figure 2.8. Quantitative Ultrasound for Liver Steatosis Assessment (UGAP) 

 

Studies in patients with MASLD, comparing these 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 measurements that facilitate patient follow-up. The primary limitation remains 

the cost of ultrasound devices equipped with these modules; however, several manufacturers now 

offer these features in mid-range systems, making them more accessible. 

Classical ultrasound has limited utility in assessing liver fibrosis, as 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 caudate lobe, splenomegaly, signs of 
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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 parameters yielded 80% accuracy for diagnosing compensated 

cirrhosis. Visualization of the liver surface is facilitated by the presence of perihepatic ascites, 

which allows better delineationðparticularly when employing a high-frequency 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%. 

 

       

                     

Figure 2.9 A-D. These B-mode ultrasound images show 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 I of the liver) can also indicate cirrhosis. This 

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 mm - occasionally reaching 50ï60 mm - resulting in a characteristic 

appearance of this segment. 
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Figure 2.10 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 umbilical vein, forming a 

vascular channel between the left portal vein and the umbilicus. 

 

   

Figure 2.11 A-B. Evaluation of the Portal Vein (A) B-mode ultrasound demonstrating a portal vein 

diameter of approximately 14 mm at the hepatic hilum, suggestive of mild dilation.  

(B) Color Doppler ultrasound confirming an enlarged portal vein lumen, 

 consistent with early signs of portal hypertension. 
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Figure 2.12 A-F. Ultrasound Findings Indicative of Portal Hypertension and Liver Cirrhosis 

(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 gallbladder demonstrates a ñdouble-layeredò thickened wall, often associated with 

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 region (in the vesical-rectal 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 heterogeneity; however, 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 are necessary. Over the past two decades, ultrasound-based 

elastography has become a standard tool for evaluating liver stiffness in patients with suspected 

fibrosis. The first widely adopted technique, vibration-controlled transient elastography (VCTE), 

is incorporated into the FibroScan device (Echosens). VCTE is a relatively simple method - often 

performed by technicians in some countries - painless, and capable of providing an objective 

assessment of liver stiffness/fibrosis in under five minutes. FibroScan offers two main probes: an 

M probe for non-obese 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 significant fibrosis, >8.5 kPa for significant fibrosis, and >12ï15 kPa for 

compensated advanced chronic liver disease (cACLD). Examinations must be conducted after a 3ï

4 hour fast, as factors such as elevated aminotransferases (>100 U/L), obstructive jaundice, right-

sided heart failure, or a non-fasting 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). Both point SWE 

(pSWE) and 2D-SWE are now available on many high-end and some mid-range ultrasound 

systems, allowing liver stiffness assessment within minutes. Typically, 3ï10 measurements are 

performed, with the median value expressed in kilopascals (kPa) or meters per second (m/s). 
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Figure 2.13 A-D. Ultrasound-Based Elastography for Liver Stiffness Assessment.  

(A-B) Point Shear Wave Elastography (pSWE), with a focused region of interest for single-point 

measurements of liver stiffness. (C-D) Two-Dimensional Shear Wave Elastography (2D-SWE), featuring 

a color-coded elastogram overlay that provides real-time mapping of stiffness across a broader region of 

the liver parenchyma. 

 

In general, feasibility of ultrasound-based elastography exceeds 90ï95%, and measured 

liver stiffness correlates with fibrosis severity. Accuracy for diagnosing cACLD ranges from 90ï

95%, whereas for significant fibrosis it is approximately 80ï90%. Previously, individual 

manufacturers proposed their own cutoff values, but in 2020, the Society of Radiologists in 

Ultrasound (SRU) introduced the ñRule of 4,ò which applies to any ARFI-based system. According 

to this rule: 

Å <5 kPa indicates a normal liver, 

Å 5ï9 kPa rules out cACLD, 

Å 9ï13 kPa suggests a high suspicion of cACLD, 

Å 13ï17 kPa confirms cACLD, 

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

Liver and spleen elastography can also be used in evaluating portal hypertension (PH). 

Initially, VCTE was used, with a liver stiffness cut-off of 20 kPa, combined with a platelet count 
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below 150,000/µL, indicating a high suspicion of PH. More recently, a cut-off of 25 kPa has been 

proposed as indicative of significant PH. Spleen stiffness measurement is a newer approach for PH 

assessment, and a single cut-off value of 40 kPa 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 cACLD, this approach may reduce the need for endoscopic evaluation (eso-

gastroscopy). 

Studies using Acoustic Radiation Force Impulse (ARFI) technologiesðnamely point SWE 

(pSWE) and 2D-SWEðhave also been published, proposing a 17 kPa cutoff for diagnosing signifi -

cant portal hypertension. When liver and spleen elastography are combined with a decreased platelet 

count (<150,000/µL), endoscopy can be avoided in a considerable number of cACLD patients. 

In recent years, advanced ultrasound systems have acquired the capability to 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 

dysfunctionïassociated steatohepatitis (MASH). Some studies have demonstrated that high-end 

ultrasound devices can achieve approximately 80% accuracy in noninvasively diagnosing MASH. 

Consequently, when ultrasound systems can quantify fatty infiltration, measure stiffness/fibrosis, 

and assess inflammation, a truly multiparametric ultrasound (MPUS) approach becomes feasible 

for evaluating chronic liver diseases. 

 

      

Figure 2.14 A-B. Multiparametric Ultrasound (MPUS) for Liver Evaluation. These images demonstrate an 

integrated approach that 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 with jaundice. In acute hepatitis, 

significant ultrasound findings are typically absent, although an enlarged, ñsandwich-likeò 

gallbladder wall may occasionally be observed due to hypoalbuminemia. In general, the primary 

clinical question is whether jaundice is obstructive or caused by parenchymal liver disease. With 
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obstructive jaundice, ultrasound usually reveals biliary tree dilation, including both intrahepatic 

ductal dilation (producing a ñspider-likeò appearance) and enlargement of the main biliary duct 

(MBD). Normally, the MBD measures less than 7 mm in diameter, though it may be slightly larger 

in post-cholecystectomy patients. In obstructive jaundice, the MBD can measure 15ï20 mm. 

Examination of the dilated duct may detect stones (with roughly 70% accuracy, especially for 

smaller stones) 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. 

 

         

 

Figure 2.15 A Normal MBD; B-C. Ultrasound Findings 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 parenchymal heterogeneity, caudate lobe enlargement, splenomegaly, and ascites, 

while the biliary tree appears normal. Ultrasound is also valuable for investigating vascular liver 

disorders like BuddïChiari syndrome and portal vein thrombosis. In BuddïChiari syndrome, one 

or more hepatic veins may be absent or significantly narrowed. Doppler ultrasound and Contrast-

EnhancedUultrasound (CEUS) are particularly helpful in these cases.   
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Figure 2.16. Ultrasound findings suggestive of Budd-Chiari syndrome: In this image, the expected 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 ñsolid structureò within the lumen. CEUS can differentiate benign from malignant thrombi 

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. 

 

   

Figure 2.17 A-B. Two B-mode ultrasound 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, ultrasound is essential for hepatocellular 

carcinoma (HCC) surveillance. These patients have a 1%ï5% annual risk of developing HCC, 

depending on factors such as etiology, sex, and age. Current guidelines recommend bi-annual 

ultrasound screening alongside alpha-fetoprotein (AFP) testing for early detection. To optimize 
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sensitivity, the ultrasound must be performed by experienced operatorsðparticularly for patients 

with markedly heterogeneous liversðand must include thorough scanning of the entire hepatic 

parenchyma. Adequate patient cooperation and a high-quality ultrasound machine are also crucial. 

In cases where certain liver regions cannot be visualized or the liver is extremely heterogeneous, 

additional imaging (e.g., contrast-enhanced CT or contrast-enhanced MRI) is indicated. 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 cirrhosis who achieve a virological cure from HCV 

infection must continue lifelong HCC surveillance. 

 

  

Figure 2.18 A-B. B-mode ultrasound images showing a predominantly heterogenous focal lesion  

in the right hepatic lobe, with a hypoechoic halo, findings that raise 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, cost-effectiveness, and real-time imaging capabilities. While intrinsic limitations such 

as operator dependency and challenges with image qualityðespecially in patients with obesity or 

excessive bowel gasðare acknowledged, these issues can be mitigated by strict adherence to 

standardized protocols and proper training. Recent 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 sectional imaging techniques like CT and MRI may offer superior sensitivity in 

identifying subtle parenchymal alterations, ultrasoundôs evolving technology continues to narrow 

that gap, while maintaining its unique advantages as a point-of-care tool. Its ability to rapidly 

deliver diagnostic and therapeutic insights makes it indispensable for a range of clinicians - from 

hepatologists to radiologists, internists and general practitioners - ultimately reinforcing its pivotal 

role in the daily management of chronic liver disease. 
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3. ULTRASOUND IN THE EVALUATION OF PORTAL 

HYPERTENSION; ULTRASOUND IN SPLEEN PATHOLOGY 

LǾƛŎŀ DǊƎǳǊŜǾƛŏ 

²C¦a. /ŜƴǘǊŜ ƻŦ 9ŘǳŎŀǝƻƴ /Ǌƻŀǝŀ 
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1.  Introduction 

Portal hypertension (PH) is an increase in pressure within the portal vein system, leading to 

the opening of porto-systemic collaterals, which allow blood to bypass the high-pressure portal 

system and flow into the systemic circulation, where venous pressure is lower. The most common 

cause of portal hypertension is liver cirrhosis, characterized by increased vascular resistance at the 

level of hepatic sinusoids due to the accumulation of fibrous tissue in the liver and sinusoidal 

contraction. Other causes of portal hypertension can be classified as posthepatic, intrahepatic 

postsinusoidal, intrahepatic presinusoidal, and prehepatic (explained in more details in the 

paragraph 3 of this chapter).  

The gold standard for quantifying the severity of portal hypertension in cirrhosis is the 

hepatic venous pressure gradient (HVPG), with the value of>5 mmHg indicating the presence of 

portal hypertension, and >10 mmHg clinically significant portal hypertension (CSPH), the later 

associated with the risk of developing complications such as esophageal varices and liver 

decompensation and death. HVPG is measured by invasive procedure of catheterisation of hepatic 

veins and represents difference between wedged pressure (when the lumen of hepatic vein is 

occluded by small balloon at the tip of the catheter) and free pressure when the balloon has been 

deflated. In fact, this is surrogate but most approximate measure of the portal pressure.  To date, no 

imaging method has been demonstrated to accurately replace HVPG measurement.  Since this 

method is invasive and requires skilled and dedicated personnel it has not become available in 

many centres. Therefore, in clinical practice diagnosis of PH relies still on the imaging methods 

and/or endoscopy. Moreover, the numerical value of HVPG is not a reliable measure for assessing 

the severity of portal hypertension in cases of postsinusoidal and presinusoidal causes. In these 

situations, we must rely on morphological indicators of portal hypertension, including imaging and 

endoscopic findings. Both of these are capable to detect complications, but not initial stages of PH, 

nor they can numerically quantify the severity of PH. Complications of PH including oesophageal 

varices (EV), portosystemic shunts and ascites start to develop when HVPG exceeds 10 mmHg, 

and from this threshold PH is considered as clinically significant (CSPH). The presence of these 

complications may be assessed by imaging methods including US. Therefore, ultrasound (US) can 

be used to confirm the presence of clinically significant portal hypertension (CSPH) if typical 

morphological signs are present. However, the absence of these morphological signs does not 

exclude the presence of portal hypertension.  
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Apart from detecting morphological signs of PH, US may be used to search for the cause (-

es) of PH, i.e. to define the pathophysiological substrate responsible for the development of PH 

including the anatomical level at which this substrate exists. In a significant number of cases 

achievements of these goals can be facilitated by using Doppler in addition to grey-scale US.  

Nowdays elastography has become inevitable tool for assessment of CLD including PH, and by 

combining all these modalities US has indeed become multiparametric and powerfull diagnostic 

method. In the text that follows we discuss the use of grayscale ultrasound, Doppler, and 

elastography in diagnosing portal hypertension. 

 

2.  Ultrasound signs of PH  

2.1.  Morphological signs of portal hypertension by grey-scale ultrasound 

The presence of certain morphological signs may vary depending on the cause of PH, i.e. the 

anatomical level at which the causative substrate has been localised. Since the most prevalent cause 

of PH is liver cirrhosis, US findings typical for PH as described in the following text refer mostly to 

this aetiology of PH. Some distinctive US findings typical for other causes of PH will be highlighted. 

Most common US signs of PH include dilated portal vein (PV), splenic vein (SV), superior 

mesenteric vein (SMV) with reduced respiratory variation, the presence of porto-systemic venous 

collaterals, as well as the signs of visceral congestion such as splenomegaly, gallbladder and 

stomach/bowel wall edema, and ascites (Figures 3.a.1 and 3.a.2).   

 

 

Figure 3.a.1. Morphological signs of portal hypertension by grey-scale (B-mode) ultrasound.  

Cirrhotic liver surrounded by ascites, dilated portal vein (>13 mm), galbladder wall edema (>3 mm)  

(left panel). Splenomegaly (>13 cm) (right panel). 

 

Splenomegaly is defined by the bipolar (cranio-caudal) diameter exceeding 12 cm in 

average person (or >13 cm in very tall individuals).  However, it might be absent in about 20-30% 

of cases, especially in alcoholic cirrhosis.  Ascites is typical, but only if accompanied by other signs 
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of PH in patients with the history of chronic liver disease (CLD), as it can be caused by other 

conditions such as heart failure, severe hypoalbuminemia or peritoneal carcinomatosis. When the 

causative substrate is localized downstream to the main trunk of PV (intrahepatic and post-hepatic 

causes of PH) it becomes dilated (>12.5-13 mm for PV and >11 mm for SV) and loses the 

respiratory variation (<40%) in diameter due to high portal pressure.  

Porto-systemic collaterals are highly specific for the presence of portal hypertension on 

imaging studies including the US. The most common porto-systemic collaterals include the 

recanalized umbilical vein and collaterals in the splenic hilum (Figure 3.a.2). The umbilical vein 

typically originates from the left branch of the portal vein, passing through the ligamentum teres 

to reach the anterior abdominal wall, where it travels beneath the rectus muscle and terminates in 

the umbilical region. Splenic collaterals appear as serpentine anechoic tubular structures filled with 

colour on Doppler imaging, located in the splenic hilum or on the splenic surface. Among these 

collaterals, veins forming a splenorenal shunt can be observed, where blood flow is directed from 

the spleen to the renal vein.  

 

 

Figure 3.a.2. Portosystemic collaterals: recanalized umbilical vein arizing from the left liver lobe  

(left panel), serpiginous collateral veins in the splenic hilus (right panel). 

 

Additionally, collaterals from the upper pole of the spleen drain blood into the 

paraesophageal veins, leading to the development of esophageal varices. The left gastric vein 

(LGV), also known as the coronary vein, arises from the portal vein trunk and runs along the lesser 

curvature of the stomach. It can be visualized between the stomach and the left liver lobe. In cases 

of portal hypertension, the LGV becomes dilated, and its blood flow direction becomes 

hepatofugal, meaning blood is redirected from the portal vein into the paraesophageal veins, 

leading to the formation of esophageal varices. Less commonly, retroperitoneal and pelvic 

collaterals can also be observed, as well as ectopic collaterals within the duodenal and small bowel 

walls. In some cases, careful scanning through the epigastrium or left intercostal spacesðusing the 

spleen as an acoustic windowðcan reveal gastric fundal varices, particularly if the stomach is 

filled with liquid, which can be achieved by having the patient drink two glasses of water. 
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2.2.  Haemodynamic changes in portal hypertension by Doppler ultrasound 

2.2.1. Doppler in healthy liver 

Blood is supplied to the liver through the portal vein (approximately 75% of the volume) 

and the hepatic artery (the remaining 25%), while it is drained into the inferior vena cava via the 

hepatic veins. The portal vein branches into left and right divisions, which further divide into 

smaller branches for each of the eight hepatic segments, and the same pattern applies to the hepatic 

artery. There are three main hepatic veins, with the left and middle veins most commonly sharing 

a common trunk. 

Blood flow in the liver's blood vessels can be analyzed using Doppler ultrasound. Color 

Doppler is used to assess the presence of blood flow and its direction within the vessel, while pulsed 

Doppler performs spectral analysis, evaluating the morphology of the Doppler spectrum and blood 

flow velocity. By applying specific mathematical ratios to blood flow velocities, Doppler indices 

have been developed. These indices provide not only velocity measurements but also additional 

numerical information about the resistance to blood flow in the liver or spleen. 

In the portal vein, the direction of blood flow is hepatopetal, meaning it is directed toward 

the liver, and it is coded in red if the ultrasound probe is placed in the intercostal space above the 

right liver lobe. Pulsed Doppler imaging reveals a linear appearance of the Doppler spectrum in 

the portal vein, with slight oscillations in peak velocities due to respiration and cardiac pulsations. 

The average peak velocity (Time Averaged Maximum Velocity, TAMax) ranges between 20 and 

40 cm/s, while the average mean velocity (Time Averaged Mean Velocity, TAMV) ranges between 

15 and 30 cm/s. 

The Doppler spectrum in the hepatic artery has a typical shape seen in parenchymal organs 

of the abdomen (liver, spleen, and kidneys). It consists of a systolic component and a continuously 

antegrade diastolic component, meaning that velocities remain above the baseline throughout the 

cardiac cycle. This indicates that blood flow is continuously directed toward the liver during both 

systole and diastole, without the initial negative diastolic deflection observed in muscular or 

visceral arteries. This type of spectrum is referred to as a low-resistance spectrum. The normal 

systolic peak velocity ranges between 30 and 75 cm/s, while the end-diastolic velocity ranges 

between 15 and 25 cm/s (Figure 3.a.3, right panel). 

One of the most commonly used Doppler indices is the resistance index (RI), which is 

calculated by dividing the difference between the systolic peak velocity and the end-diastolic 

velocity by the systolic peak velocity. A similar index is the pulsatility index (PI), which is obtained 

by dividing the difference between the systolic peak velocity and the end-diastolic velocity by the 

time-averaged maximum velocity (TAMax) measured by the device's software over one full cardiac 

cycle (systole and diastole). Normal RI values range between 0.55 and 0.7, while normal PI values 

are up to 0.9. 

In cases of increased resistance to blood flow, such as cirrhosis, the systolic peak velocity 

increases while the end-diastolic velocity decreases, leading to a rise in RI and PI. Conversely, in 



29 

cases of reduced resistance (e.g., the presence of an arteriovenous shunt), the end-diastolic velocity 

increases, resulting in a lower RI. 

The most complex Doppler spectrum is observed in the hepatic veins, which exhibit a 

triphasic waveform. When the ultrasound probe is placed below the right costal margin and directed 

cranially, toward the junction of the hepatic veins and the inferior vena cava (IVC), a triphasic 

spectrum is obtained. This consists of one positive deflection (above the baseline) and two negative 

deflections (below the baseline) (Figure 3.a.3, left panel). 

 

 

Figure 3.a.3. Spectral Doppler imaging of the hepatic vein (left panel) and hepatic artery (right panel)  

in a healthy person. Note triphasic waveform from the hepatic vein, and low resistance arterial waveform 

from the hepatic artery (normal peak systolic, end diastolic velocities and resistive index). 

 

The positive deflection represents the "a" wave of atrial contraction, during which a portion 

of the blood from the atrium is directed toward the liverðtoward the ultrasound probeðresulting 

in a positive Doppler shift. The two negative waves correspond to ventricular systole and diastole. 

During these phases, blood flows from the liver into the right heart and from the atrium into the 

right ventricle, moving away from the ultrasound probe, which is why these deflections appear 

below the baseline in the spectral Doppler display. This waveform can undergo changes depending 

on the structure of the surrounding liver tissue, hemodynamic conditions in the right heart, and 

potential pathological connections, such as direct blood shunting from the portal vein or hepatic 

artery into the hepatic veins. 

The spleen is a very important organ that should be analyzed in the context of portal 

hypertension (PH), as it undergoes not only morphological but also hemodynamic changes. In a 

healthy spleen, blood enters through the splenic artery and drains via the splenic vein, which 

contributes to the portal vein flow. Doppler waiveform of the splenic artery is also of the low-

resistance type. In addition to the resistance index (RI), the pulsatility index (PI) is also analyzed. 

In the absence of portal hypertension, these values should be <0.63 and <1, respectively. The 

average mean blood flow velocity in the splenic vein at the splenic hilum in individuals without 

portal hypertension is <15 cm/s. 
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2.2.2. Doppler in portal hypertension 

With the onset of PH significant changes take place in the portal circulation and these can 

be assessed by Doppler US. In turn, these findings may help to establish the diagnosis and reveal 

the cause of PH. As in previous paragraph, most of the findings discussed here refer to PH caused 

by liver cirrhosis. Abundance of the accumulated fibrous tissue accompanied by its biochemical 

changes lead to the distortion of liver architecture and shrinkage of the liver with the resultant 

compression of the intrahepatic branches of hepatic veins, portal vein and hepatic artery. Together 

with the narrowing of hepatic sinusoids due to accumulation of extracellular matrix in the sapce of 

Disse, these changes result in the increased resistance to blood flow through the liver. In turn, 

phasicity of the Doppler waveform (or less correctly used term Ăblood flow pulsatilityñ) from the 

HV becomes reduced: usually it loses its triphasic form and becomes flattened and linear, and this 

might be additionally influenced by the presence of the shunt between intrahepatic branches of 

portal vein and HV.  Reversal of the portal blood flowfrom hepatopetal into hepatofugal is highly 

specific sign of severe PH, usually resulting from the advanced liver cirrhosis, and less frequently 

from other intrahepatic causes (Figure 4, right panel). However, hepatofugal flow is not frequently 

present, as the direction of portal vein blood flow remains hepatopetal in majority of patients with 

cirrhosis (Figure 3.a.4, left panel).  

 

 

Figure 3.a.4. Spectral Doppler imaging of the portal vein in patients with cirrhosis:  

hepatopetal flow with diminished velocities (left panel), and hepatofugal flow  

(coded in blue colour, on the right panel) 

 

Therefore, even if highly specific, this finding lacks sensitivity to detect PH.  Nevertheless, 

with the progression of cirrhosis and PH portal velocity becomes diminished (<15 cm/s for the time 

averaged mean velocity (TAMV)), whereas in cases with very high intrahepatic resistance and 

abundant portal blood inflow more sinusoidal shape of the PV waveform can be observed, which 

is due to helical motion of the blood in PV. Similar reasons lead to the increase of peak systolic 
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velocity (PSV >60 cm/s) and diminished end-diastolic velocity in HA, resulting in the increased 

HA resistive index (RI >0.7). However, in cases where the shunt between HA and HV has been 

formed, HA RI becomes diminished due to drop in the peripheral resistance to arterial blood flow, 

and the resultant waveform in HA becomes changed with very high both PSV and EDV. Portal 

hypertension leads to the congestion of the spleen, which is accompanied by the splenic tissue 

hyperplasia, both leading to the increased splenic resistance to arterial blood flow.  Consequently, 

the spectral recording from the intraparenchymal branches of the splenic artery shows an elongated 

spectral shape with high peak systolic and low end-diastolic velocities, ultimately resulting in high 

splenic RI and PI.  One of the most well-studied Doppler indicators of portal hypertension is the 

splenic artery pulsatility index, with a threshold value of >1, where increasing index values are 

more likely to indicate the presence of portal hypertension. This index is automatically calculated 

after marking the peak velocities over the area of one cardiac cycle, i.e., the arterial spectrum 

(manually or automatically). In individuals with esophageal varices, the blood flow velocity in the 

splenic vein increases and exceeds 15 cm/s. The splenoportal index (SPI>3), calculated as the 

product of the longer and shorter diameter of the spleen divided by the average mean blood flow 

velocity in the portal vein, has a high specificity and sensitivity (both >90%) for detecting 

esophageal varices in patients with cirrhosis. Splanchnic vasodilatation as the typical finding in 

portal hypertension might be assessed by Doppler by demonstrating decreased superior mesenteric 

artery (SMA) impedance indices, particularly PI<2.7, whereas RI is less reliable in this context 

(normal value around 0.87). Conversely, splanchnic and systemic vasodilation lead to impaired 

arterial perfusion of the kidneys, resulting in increased resistance in the intrarenal arterial branches, 

with their RI becoming elevated (>0.7), indicating the risk of developing hepatorenal syndrome. 

Among more complex Doppler indices, one of the most frequently used is congestive index (CI), 

representing the ratio between cross sectional area and mean velocity of the PV, being pathological 

over the cut-off value of around 0.1 cm/s.  

In conclusion, the presence of portosystemic collaterals and hepatofugal flow in the portal 

vein are highly specific signs for PH, but lack sensitivity. The abundance of other Doppler features 

and indices as described above highlights the fact that none of them has proven to be a sufficiently 

reliable tool for diagnosing and stratifying the severity of portal hypertension. Additionally, 

numerous other factors affecting hemodynamicsðsuch as cardiac function, metabolic status, the 

presence of atherosclerosis, and the use of certain medicationsðmust be taken into account. 

Therefore, the presence of some of these hemodynamic changes or Doppler findings increases the 

likelihood of a diagnosis of portal hypertension in the appropriate clinical context. However, it 

would be incorrect to establish this diagnosis based solely on a single finding in the absence of 

other elements of the clinical picture. Similar to the morphological signs of portal hypertension, 

Doppler changes have also been shown to lack sensitivity, and therefore the absence of a certain 

hemodynamic feature on Doppler analysis does not exclude portal hypertension. In this regard, 

elastographic assessment of liver and spleen stiffness is now considered a more reliable method, 

and will be described in the next paragraph.  
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2.3. Elastography for the assessment of portal hypertension 

In patients with chronic liver diseases suspected of developing PH, but without typical 

ultrasound or hemodynamic changes described in previous sections, liver and/or spleen 

elastography is recommended as an additional non-invasive method for assessing PH. Elastography 

can help determine or exclude CSPH and rule out high-risk esophageal varices (HRV), thereby 

avoiding the need for invasive methods such as hepatic vein catheterization and HVPG 

measurements or endoscopy.  In cirrhotic patients, the early stages of PH are primarily due to 

increased resistance to portal blood flow caused by the accumulation of fibrous tissue, making the 

liver stifferðsomething that can be measured with elastography. As liver disease progresses PH 

increasingly becomes influenced by hemodynamic factors, particularly increased blood flow 

volume through the portal vein. This, combined with hepatic resistance, exacerbates PH. While 

LSM cannot assess this hemodynamic factor, spleen stiffness measurement can, as rising portal 

pressure leads to increased spleen congestion, making it stiffer. Therefore, LSM can be used to 

determine the presence or absence of CSPH and HRV, but not for further numerical quantification 

of portal hypertension severity. 

Spleen stiffness measurement can also be used to determine or exclude the presence of CSPH 

and high-risk esophageal varices. Among all elastographic methods, transient elastography has 

been the most extensively validated, which is why the Baveno guidelines provide recommendations 

specifically for this technique. According to the Baveno VII guidelines, the following non-invasive 

criteria can be used for the diagnosis of PH and HRV: 

¶ Presence of CSPH (HVPGÓ10 mmHg): LSMÓ25 kPa (in all etiologies except for obese 

NAFLD patients), or SSM>50 kPa 

¶ CSPH ruled-out: LSMÒ15 kPa +  PltÓ150, or SSMÒ21 kPa 

¶ HRV ruled-out:  LSM<20 kPa + PltÓ150, or SSMÒ40 kPa 

Other elastographic methods based on acoustic radiation force impulse (ARFI) imaging, 

including point-shear wave elastography (pSWE) and two-dimensional shear wave elastography 

(2DSWE), have also been investigated with similar results. However, since these methods have 

been tested on significantly fewer subjects, additional studies are recommended for this indication. 

For illustration, the pSWE method using Philips technology has proven reliable in ruling out high-

risk esophageal varices with a cutoff LSM <12 kPa and platelet count >150 (sensitivity 0.95, 

specificity 0.42). Meanwhile, a meta-analysis of studies using 2DSWE (Supersonic Imagine) 

identified cutoff LSM values of 14 kPa and 32 kPa for excluding and confirming CSPH, 

respectively, as well as 14 kPa and 50 kPa for excluding and confirming high-risk esophageal 

varices. 
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3.  Detecting the cause of portal hypertension 

Causes of PH can be classified according to anatomical level at which they express their 

pathogenic actions as to:  1. Post-hepatic causes (congestive heart failure (CHF) leading to 

congestive liver disease and cirrhosis, Budd-Chiari syndrome BCS); 2. Hepatic causes (2a-

postsinusoidal (sinusoidal obstructive syndrome (SOS)), 2b-sinusoidal (cirrhosis)), and 2cðpre-

sinusoidal (idiopathic non-cirrhotic portal hypertension (INCPH) or porto-sinusoidal vascular 

disease, including the nodular regenerative hyperplasia (NRH), primary biliary cholangitis (PBC), 

shistosomiasis); 3. Pre-hepatic causes (portal vein thrombosis (PVT) and portal vein stenosis 

(PVS), just to mention the most common conditions (1). 

3.1.  Post-hepatic causes of PH 

Patients with CHF have increased filling pressures of the right-sided heart cavities, and this 

pressure transmits to the inferior vena cava (IVC) and hepatic veins leading to the deranged blood 

outflow from the liver, that becomes congested and therefore enlarged. Hepatic veins become 

dilated (>8 mm as measured at least 2 cm from their inflow into IVC.  Due to congestion the 

gallbladder wall becomes thickened (>3 mm), usually with clear delineation between the 

histological layers. Inferior vena cava is dilated (>2 cm) with the loss of inspiratory collapse 

(<50%). Doppler studies reveal typical changes in addition to the described morphological features. 

Since in majority of patients right-sided heart failure is accompanied by dilation of tricuspid valve  

with resulting regurgitation in systole, spectral analysis of the HV waveform reveals reverted 

systolic wave fussed with Ăañ wave of atrial contraction. Together they make a single positive 

deflection (above the zero line at pulse Doppler spectral analysis) followed by the negative 

deflection representing the diastolic wave of right-ventricular filling.  High pressures from HVs 

transmit through the liver sinusoids into PV. Therefore blood flow in PV becomes pulsatile as well, 

acquiring the sinusoidal shape at spectral analysis. In patients with severe congestion and very high 

right-sided pressures the flow in PV becomes biphasic (to and fro, on the both sides of the zero 

line) resembling the shape of Doppler spectrum from HV. 

In Budd-Chiari syndrome obstructive substrate causes deranged venous drainage of the 

liver and can be localised at any level from the smallest tributaries of the HV to the entrance in the 

right atrium. Sometimes it can be found in the IVC as well.  In the western hemisphere it is most 

frequently caused by the thrombosis of the respective veins. Therefore, echogenic material in the 

lumen of one or more HVs can be detected by grey-scale US, with lack of blood flow on Doppler 

studies. As the result intrahepatic venous collaterals develop directing blood to the patent HV. 

These collaterals may have typical shape known as Ăhockey-stick sign (Figure 3.a.5). 
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Figure 3.a.5. B-mode and Doppler images of Budd-Chiari syndrome. Segmental obstruction of the middle 

hepatic vein (white arrow, left panel); intrahepatic venous collateral resembling  

hockey-stick (right panel). 

 

Peri-caval segments of the liver might drain directly to the IVC through short hepatic veins, 

which are not that functionally important under physiological conditions, but in cases of BCS might 

acquire a decisive role to preserve liver perfusion. These veins become dilated and clearly visible 

at US examination, especially those draining the caudate lobe or right inferior liver segments.  

3.2. Hepatic causes of PH 

These can be divided into post-sinusoidal, sinusoidal and pre-sinusoidal causes. Typical 

representative of post-sinusoidal intrahepatic causes of PH is SOS. This condition takes place 

usually after very toxic chemotherapeutic regimens (such as those used for myeloablative therapy 

in acute leukemias). This therapy causes endothelitis and peeling of endothelial cells in central 

veins and microscopic tributaries of HV leading to the obstruction of their lumen. This in turn 

causes increased upstream pressure (in sinusoids and PV) leading to accumulation of ascites and 

oedema to the gallbladder wall. Blood flow direction in PV is typically hepatofugal, but this 

Doppler finding should be considered pathognomonic only if physiological (hepatopedal) flow was 

documented before the initiation of the mentioned therapy.  

As already pointed-out, the most common cause of PH is liver cirrhosis where the 

pathological substrate typically occurs in the perisinusoidal space of Disse, the place where hepatic 

stelate cells as the main source of extracellular matrix reside within the liver. In cirrhosis liver 

texture is coarse, surface nodular and the edges blunted. In early stage of cirrhosis, especially 

micronodular one, nodularity of the liver surface might not be readily detected by US. In these 

cases some authors advice to analyse interface of the hepatic veins which becomes irregular as 

well, and usually is free of the artefacts which are common when analysing outer liver contours.  

Caudate lobe becomes enlarged (>3 cm in antero-posterior diameter), HVs narrowed with irregular 

contours, whereas PV becomes dilated, and umbilical vein reanalysed.  Again, gallbladder wall 
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oedema can be easily detected. Other signs are common to other causes of PH as described in the 

paragraph 2.1. 

Idiopathic non-cirrhotic portal hypertension (INCPH, or porto-sinusoidal liver disease, 

PSVD, according to the new nomenclature) develops as the result of phlebitis of terminal branches 

of PV producing ischaemia of the irrigated hepatocytes that undergo regeneration in nodular 

fashion but without excessive accumulation of fibrosis. Therefore, in these patients liver resemble 

cirrhosis, but lacks increased amount of fibrosis and the prognosis is much better.  By grey-scale 

US and even Doppler studies it is often not possible to reliably differentiate PSVD from cirrhosis, 

and the best way to do so by non-invasive means is to perform liver elastography. In cirrhosis liver 

stiffness is high (usually >15 kPa by transient elastography) and in PSVD only slightly increased 

(usually below 10 kPa), whereas the spleen stiffness is increased if portal hypertension exists.  

In PBC pathological substrate initially takes place at the portal tracts. However, in the later 

course of the disease fibrosis progresses and finally encompasses liver lobules, so the 

morphological features do not differ significantly from other causes of PH caused by other types 

of cirrhosis. 

3.3 Pre-hepatic causes of PH  

Most common cause of pre-hepatic PH is portal vein thrombosis (PVT) which may have 

different extension encountering only intrahepatic branches, or main portal trunk with or without 

extending into other visceral veins such as SMV, SV and IMV.  In acute phase PVT might be missed 

by grey-scale US as in this phase thrombus has hypo- to anechoic appearance (Figure 3.a.6).  

 

  

Figure 3.a.6. Portal vein thrombosis. Acute thrombosis with almost anechoic thrombus occupying the 

intrahepatic segment 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 using Doppler no flow in the affected vein can be detected provided correct 

angle of insonation (beware: if Doppler beam enters the longer axis of the investigated blood vessel 

under 90Á no flow will be detected eventhough it is present and normal, this is due to physical reasons 

of Doppler formula used to calculate the flow). With time thrombus becomes more echogenic and 

may be readily detected by grey-scale US. In long-standing thrombosis collateral veins develop to 

by-pass the obstructed segment of the PV forming so called cavernoma (cavernous transformation of 

the PV). This cavernoma is usually composed of the small veins running alongside or even within 

the wall of the the extrahepatic biliary ducts. In the latter cases common bile duct (CBD) wall 

becomes thickened which might be a source of potentially dangerous misinterpretation, as it might 

be wrongly considered as extrahepatic cholangiocarcinoma.  This dilemma may be easily resolved 

by Doppler revealing abundant venous type flow within such a changed CBD wall.  

Portal vein stenosis most frequently develops as the result of iatrogenic interventions with 

surgical resection of pancreatic head or other local structures including the liver transplantation.  In 

these cases PV acquire the shape of the sandglass. By using Doppler very high velocities might be 

observed at the level of stenosis, with turbulent flow downstream to stenosis.  

4. Monitoring the Patency of the Transjugular Intrahepatic Portosystemic Shunt  

The transjugular intrahepatic portosystemic shunt (TIPS) is placed in patients with severe 

portal hypertension and serves as a connection between the hepatic vein and the portal vein. The 

patency of the TIPS can be monitored using Doppler ultrasound. After TIPS placement, blood flow 

in the branches of the portal vein becomes hepatofugal, meaning it is directed toward the TIPS, 

while the flow velocity in the main portal vein accelerates (over 30 cm/s). The normal range of 

blood flow velocity in the TIPS is between 90 and 190 cm/s, with velocities outside this range 

indicating TIPS stenosis (Figure 3.a.7).  

 

 

Figure 3.a.7. Ultrasound imaging of the transjugular intrahepatic porto-systemic stent shunt (TIPS).  

On B-mode imaging TIPS looks as the curvilinear tubular structure with echogenic walls, and patent 

lumen, inserted between the right 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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Stenosis can also be visualized using grayscale ultrasound and color Doppler, with 

optimized scan settings to avoid artifacts. Additionally, an increase or decrease in velocity of more 

than 50 cm/s at the site of stenosis compared to previous measurements is considered an indicator 

of significant stenosis. In cases of TIPS stenosis intrahepatic portal flow that was hepatofugal on 

the prior examination changes to hepatopetal again.  Measurement of SSM is also a useful 

parameter in monitoring TIPS functionality, as SSM decreases immediately after its placement, 

while an increase in spleen stiffness may indicate TIPS stenosis. 

5. Conclusion 

Ultrasound is an indispensable method in the diagnosis of patients with portal hypertension, 

allowing the detection of typical morphological changes such as the development of portosystemic 

collaterals, splenomegaly, and ascites. Doppler ultrasound can analyze hemodynamic changes in 

the hepatic and portal circulation that are characteristic of portal hypertension. If certain 

morphological signs or hemodynamic changes are observed, the presence of clinically significant 

portal hypertension (CSPH) can be determined with high probability. However, the absence of 

these signs in an appropriate clinical context does not reliably exclude CSPH. Ultrasound and 

Doppler are reliable methods for determining the cause of portal hypertension, including the 

diagnosis of vascular liver diseases. In patients with compensated cirrhosis who do not exhibit clear 

signs of clinically significant portal hypertension (CSPH), liver and spleen elastography can be 

used non-invasively to determine or exclude its presence and to rule out high-risk esophageal 

varices. Summary of the most typical mophological and haemodynamic features of portal 

hypertension is present in Table 3.a.1. Proposed algorithm of using ultrasound methods to assess 

for the presence of PH is depicted in Figure 3.a.8. 

 

Table 3.a.1. Morphological and haemodynamic (on Doppler ultrasound examination) features of portal 

hypertension. PH-portal hypertension; PI-pulsatility index, RI-resistive index, SMA-superior mesenteric 

artery.  

Morphological signs of 

portal hypertension 

Description Comment 

Dilated portal vein >12.5-13 mm Not highly specific, as it may be dilated 

in cases of non-cirrhotic splenomegaly 

such as systemic diseases and 

haematological malignancies 

Porto-systemic 

collaterals 

Recanalized umbilical vein, 

splenic collaterals (hilum, surface, 

spleno-renal shunt), ectopic 

collaterals 

Highly specific, low sensitivity 

Splenomegaly Cranio-caudal diameter >12 cm 

(>13 cm in tall individuals) 

Not universally present (20-30% of 

patients with PH do not have 

splenomegaly) 

Ascites Anechoic fluid in the abdominal 

cavity 

Specific for PH only in the appropriate 

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 cm/s (Time averaged mean 

velocity, or <20-25 cm/s of Time 

averaged maximum velocity; 

conversion factor 0.57) 

Sometimes Ăhelicalñ shape of the 

waveform on the spectral analysis may 

be observed due to the high resistance to 

portal flow in the liver 

Flattened waveform 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 artery 

RI 

RI>0.7 Specific for CSPH if >0.78, but low 

sensitivity 

Increased splenic artery 

PI (parenchymal 

branches) 

PI>1 Portal hypertension more likely with the 

higher range of PI value 

Diminished SMA PI <2.7 Due to splanchnic vasodilatation 

 

 

 

Figure 3.a.8. Ultrasound algorithm in clinical suspicion on portal hypertension (PH). LSM-liver stiffness 

measurement, SSM-spleen stiffness measurement, Plt-Platelets count, CSPH-Clinically signifficant portal 

hypertension, SOS-sinusoidal obstructive syndrome. LSM and SSM values refer to transient elastography 

(Fibroscan) by 50Hz probe. When using 100Hz probe SSM cut-offs for ruling-in/-out CSPH should be 

55/25 kPa according to NICER algorithm.  
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The spleen is a parenchymal organ located beneath the left rib cage, between the 9th and 

11th rib, connected to other anatomical structures through the splenorenal and gastrosplenic 

ligaments. The normal size of the spleen is up to 13 cm in its longest (craniocaudal) dimension and 

up to 6 cm in transverse diameter. The spleen receives blood through the splenic artery, a branch 

of the celiac trunk, while blood is drained from the spleen via the splenic vein, which flows into 

the portal vein. Ultrasound analysis of the spleen includes morphological assessment using 

grayscale imaging (B-mode), vascular analysis with Doppler (color and spectral Doppler), 

microcirculation evaluation using contrast-enhanced ultrasound (CEUS), and stiffness analysis 

through elastography.  

The most common scanning approach involves the patient lying on their back, with the left 

arm abducted if necessary (placing the arm under the head), and during inspiration, when the spleen 

moves caudally, making it more accessible for examination. The examination usually begins by 

placing the ultrasound probe in the mid or posterior left axillary line above the rib cage, directing it 

medially to obtain a longitudinal view of the spleen. Depending on the patient's body habitus, spleen 

size, and position, the probe's position may be adjusted, and scanning can be performed using a 

subcostal approach or different tomographic planes with sub- or intercostal access. In rare cases, 

when the spleen is small and located high cranially and posteriorly, an attempt can be made to 

visualize it from a posterior position with the patient lying on their right side or in a prone position. 

1. Anatomical Variants 

Anatomical variants that do not represent pathological findings include accessory spleen, 

polysplenia, asplenia, and splenic malrotation. 

¶ Accessory spleen (lat. Splenunculus) occurs due to the failure of splenic tissue fusion 

during intrauterine development and is found in 15ï30% of individuals, according to 

studies using computed tomography (CT) and autopsy analyses. An accessory spleen is 

usually up to 2 cm in size, located at the splenic hilum or near the tail of the pancreas, has 

the same echotexture as the spleen, and is typically asymptomatic (Figure 3.b.1). 

¶ Polysplenia is a rare condition characterized by the presence of multiple small spleens 

located in the left or right upper quadrant of the abdomen. It is often associated with 

congenital anomalies affecting the development and positioning of other organs, such as 

the heart, pancreas, intestinal malrotation, and inferior vena cava abnormalities. 

¶ Asplenia is an extremely rare condition in which the spleen is absent. It is frequently 

associated with other congenital anomalies. 
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Figure 3.b.1. Accessory spleen, depicted as the small solid lesion of the same echotexture as the spleen, 

localized in the splenic hilus.  

 

2. Pathological Conditions 

Pathological conditions affecting the spleen include trauma, splenosis, focal splenic lesions, 

vascular diseases, and changes occurring as part of systemic diseases. 

2.1. Changes in Spleen Size 

The spleen can either be enlarged (splenomegaly) or reduced in size.  

Splenomegaly is more commonly observed, with primary causes including portal 

hypertension, systemic inflammatory diseases, splenic infiltration due to hematologic disorders 

(such as extramedullary hematopoiesis, lymphoma, and leukemia), dissemination of malignant 

diseases, or storage disorders like amyloidosis. The infiltration of the spleen by malignant tumors 

(metastases) and amyloidosis will be discussed in subsequent sections, while this section focuses 

on the differential diagnosis of splenomegaly due to portal hypertension versus systemic 

inflammatory or hematologic diseases. 

Regardless of the cause of portal hypertension, the spleen becomes congested, leading to 

hypertrophy and hyperplasia of its cellular components. This results in increased resistance to blood 

flow, causing the spleen to become stiffer. Doppler ultrasound can measure this increased 

resistance, as discussed in the section on portal hypertension. In short, resistance index (RI) and 

pulsatility index (PI) of intrasplenic arterial branches are elevated (Figure 3.b.2). In some patients 

with splenomegaly due to PH Gamna-Gandy bodies representing microhaemorrhagic foci within 

the spleen that tend to produce small calcifications following haemosiderin deposition might be 

observed. Since cirrhosis is the most common cause of portal hypertension, patients with cirrhosis 

often present with portal vein dilation and slowed blood flow in the portal vein, accompanied by 
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splenomegaly. In contrast, patients with splenomegaly due to systemic inflammatory or 

hematologic diseases do not have cirrhosis, and while the portal vein may also be dilated due to 

increased blood volume flow, portal vein flow velocity remains normal or is often increased. This 

distinction can help differentiate between the two causes of splenomegaly. Additionally, splenic 

artery pulsatility index (SAPI) is typically normal or mildly elevated in hematologic splenomegaly, 

while in severe cirrhosis-related portal hypertension, it is significantly elevated. 

 

 

Figure 3.b.2. Splenomegaly in patients with portal hypertension. Enlarged spleen measuring>19 cm in 

longitudinal diameter (left panel). Increased pulsatility index from intrasplenic branches of splenic artery 

(SAPI=1.3, right panel). 

 

Elastography is now commonly used in the differential diagnosis of splenomegaly, with 

transient elastography being the most extensively studied. In cirrhosis, the liver is stiff, typically 

Ó15 kPa, and in clinically significant portal hypertension (CSPH)ðdefined as a hepatic venous 

pressure gradient (HVPG) Ó10 mmHgðliver stiffness measurement (LSM) exceeds 25 kPa for 

most liver disease etiologies, except in obese MASLD patients, where this threshold is less reliable. 

Spleeen stiffness measurement (SSM) can also be used to detect CSPH: 

¶ SSM >50 kPa rules-in CSPH (specificity >90%). 

¶ SSM <21 kPa reliably excludes CSPH (sensitivity >90%) 

The aforementioned cut-offs refer to the 50Hz probe of the Fibroscan device, whereas it 

has recently been suggested that in case of using 100Hz probe respective cut-offs for ruling-in/-out 

CSPH should be 55 and 25 kPa. In non-cirrhotic portal hypertension (e.g., porto-sinusoidal vascular 

disease), liver stiffness is almost always below 10 kPa, while spleen stiffness depends on the 

severity of portal hypertension.  

A reduced spleen size or splenic hypoplasia may be congenital or acquired. The most 

common cause of acquired splenic hypoplasia are thromboembolic events affecting the splenic 
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arterial circulation. In cases of embolization of a larger branch of the splenic artery, or recurrent 

embolization of smaller branches, tissue necrosis and fibrotic retraction may lead to spleen 

shrinkage, often resulting in a lobulated and irregular spleen contours.  In some cirrhotic patients, 

chronic hypoxia of the spleen due to congestion, and malnutrition may also lead to spleen atrophy. 

Additionally, in sickle cell anemia, repeated microinfarctions cause progressive splenic shrinkage, 

although in childhood, the spleen is usually enlarged before it eventually becomes smaller. 

2.2. Splenic Trauma 

The most common cause of splenic trauma is blunt abdominal trauma, often due to motor 

vehicle accidents or other injuries. It may also result from iatrogenic injury following surgical 

procedures or spleen biopsy. Splenic trauma can manifest as a splenic hematoma or splenic rupture.  

Splenic haematoma appears as a localized collection of dense fluid, while splenic rupture is 

characterized by a defect in the external contour of the spleen, often accompanied by a layered 

hematoma in the surrounding area. Splenic rupture presents with symptoms of acute abdomen and 

signs of internal bleeding, which can progress to shock. 

In some cases, detached splenic fragments may implant elsewhere in the abdominal cavity 

(called Ăsplenosisñ) and can be incidentally detected during ultrasound or other imaging studies. 

These implants vary in size but have the same echotexture as the spleen. The primary differential 

diagnosis includes lymphadenopathy or solid tumors. A definitive diagnosis can be made using 

scintigraphy with 99m-labeled heat-denatured red blood cells, as an accessory spleen will 

demonstrate phagocytic activity. Alternatively, a biopsy of the ectopic spleen can confirm the 

diagnosis. However, this is usually not necessary as upon ultrasound contrast administration 

ectopic splenic tissue demonstrates hyperenhancement in the parenchymal phase.  

2.3. Focal Lesions of the Spleen 

Focal splenic lesions (FSL) are rare pathological changes, detected in approximately 0.2ï

0.6% of ultrasound examinations. These lesions can be classified into neoplastic and non-neoplastic 

types.  

Non-Neoplastic Lesions 

Non-neoplastic focal lesions include cysts, calcifications, hematomas, ischemic lesions, 

traumatic lesions, infectious lesions, and several other abnormalities. 

Neoplastic Lesions 

Neoplastic lesions can be further categorized into benign and malignant tumors: 

¶ Benign FSL: Includes hemangiomas, lymphangiomas, hamartomas, and littoral cell 

angiomas. 

¶ Malignant FSL: Includes primary malignant tumors such as hemangiosarcoma, 

leiomyosarcoma, fibrosarcoma, and primary splenic lymphoma. Secondary malignant 

lesions include metastases and lymphoma-related changes. 
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From a morphological perspective, focal splenic lesions are classified into cystic lesions, 

solid lesions, and calcifications (Figure 3.b.3). 

Focal splenic lesions are more commonly associated with systemic diseasesðsuch as 

hematological, malignant, or infectious conditionsðrather than being primary splenic diseases. 

Notably, around 50% of patients with FSLs remain asymptomatic, including up to 75% of those 

with malignant FSLs. 

 

Figure 3.b.3. Simplified Ultrasound classification of focal splenic lesions.  

 

Cystic Lesions of the Spleen 

Cystic lesions of the spleen can be classified as congenital or acquired. 

Congenital cysts are typically simple fluid-filled cavities with characteristic ultrasound 

features, including anechoic structure (appearing completely black on ultrasound), posterior 

acoustic enhancement (increased brightness behind the cyst), clear, thin walls without solid 

components or septations, and no enhancement after i.v. contrast administration (Figure 3.b.4). 

Acquired cysts usually develop due to resorption of an intrasplenic haematoma (Figure 

3.b.4), splenic infarction, resolution of an inflammatory process and Echinococcal (hydatid) 

infection. These cysts tend to have irregular shapes, thicker walls, and septations. Their contents 

can be anechoic (fluid-filled) or contain denser debris. 
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Figure 3.b.4. 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 PhD, from his archive. 

 

Echinococcal cysts vary in size and shape depending on the developmental stage of the 

Echinococcus parasite. They may contain septations and calcifications and do not enhance with 

contrast. 

Lymphangiomas are multiloculated (multi-chambered) cystic structures, usually found 

just beneath the splenic capsule. They do not enhance with contrast and are typically asymptomatic. 

Solid Focal Lesions of the Spleen 

Solid focal lesions of the spleen include calcifications and solid tumors.  Splenic 

calcifications commonly develop after trauma or as part of more complex lesions, such as cysts, 

echinococcal disease, or certain fungal infections like histoplasmosis. Solid tumors of the spleen 

can be divided into benign and malignant.  

Benign tumors 

¶ Hemangiomas  are the most common benign tumors of the spleen, resembling hepatic 

hemangiomas. They appear as hyperechoic, but sometimes even hypoechoic lesions on 

ultrasound, without a surrounding halo (Figure 3.b.5). After contrast administration, they 

show early peripheral nodular enhancement, some of them demonstrating centripetal 

filling, without contrast washout in later phases. 

¶ Hamartomas are rare, occurring in fewer than 1% of individuals. On ultrasound, they appear 

as hyperechoic to isoechoic nodules that enhance with contrast, eventually becoming 

isoechoic to the surrounding pancreatic parenchyma in the venous and delayed phases. 

They are typically discovered incidentally and occur equally in both sexes across all age 

groups. 
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¶ Littoral Cell Angioma (LCA) is a rare benign tumor arising from the lining cells of the 

splenic sinuses. On ultrasound, it appears as one or more solid nodules, showing hyper or 

in the arterial phase and isoenhancement in the delayed phase after contrast administration. 

 

 

Figure 3.b.5. Splenic haemangioma. Focal round shaped hyperechoic lesion in the spleen, with sharp 

borders (lef panel), without detactable flow on Doppler examination (right panel).. 

 

Malignant Tumors 

¶ Splenic Lymphoma is the most common malignant tumor of the spleen and can be primary 

or secondary. Primary splenic lymphoma is most often Non-Hodgkinôs lymphoma and 

presents as either diffuse splenomegaly or hypoechoic tumor nodules within the spleen 

(Figure 3.b.6). After contrast administration, these lesions are hypoenhanced in arterial phase, 

followed by wash-out in parenchymal phase. Abdominal lymphadenopathy is often present 

alongside splenic enlargement. 

¶ Metastases to the spleen are rare and can appear in various shapes, numbers, and sizes. The 

most common primary tumors that metastasize to the spleen originate from melanoma, breast 

cancer, ovarian cancer, lung cancer, and colon cancer. Some metastases might contain areas 

of central necrosis, as well as calcifications of punctiform or linear shapes (Figure 3.b.6). 

¶ Splenic angiosarcoma is an extremely rare tumor, with an incidence of approximately 1 case 

per 4 million people per year. It occurs more frequently in older men and has a poor prognosis, 

with a 30% risk of splenic rupture. On ultrasound, it appears as one or more irregular nodules 

with a heterogeneous structure and areas of necrosis, accompanied by calcifications (Figure 

3.b.6). After contrast administration, it shows centripetal filling with heterogeneous 

enhancement, depending on the extent of necrosis, and washout in the parenchymal phase. 

This tumor has a high metastatic potential, most commonly spreading to the liver and lungs. 
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Figure 3.b.6. Malignant splenic lymphoma. B mode ultrasound demonstrates hypoechoic solid foci within 

the spleen and lymphadenopathy 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) 

 

Unfortunately, B-mode ultrasound and Doppler are not sufficiently reliable for 

distinguishing benign from malignant focal splenic lesions. Generally, it can be stated that 

hyperechoic lesions are mostly benign, while iso- or hypoechoic lesions are more often malignant. 

CEUS can be helpful in differentiating between benign and malignant lesions. On CEUS, benign 

lesions typically show no enhancement or hypoenhancement throughout all imaging phases, and 

retain contrast in the parenchymal phase. In contrast, malignant lesions show washout in the 

parenchymal phase. Hyper- or iso-enhancement in the arterial phase is considered a benign feature, 

provided there is no washout in the parenchymal phase. Therefore, lesions that show weak 

enhancement in the arterial phase along with washout in the parenchymal phase are suspected to 

be malignant and require further evaluation, including biopsy for definitive tissue diagnosis.   

2.4. Vascular Diseases of the Spleen 

Vascular diseases affecting the spleen include splenic infarction, splenic artery aneurysm, 

and splenic vein thrombosis. 

Splenic Infarction  is most commonly associated with atrial fibrillation or infective 

endocarditis. It presents as sudden-onset pain in the left upper quadrant of the abdomen. On 

ultrasound, infarction appears as a hypoechoic, wedge-shaped area, with its apex directed towards 

the splenic hilum (Figure 3.b.7). Doppler imaging shows an absence of arterial blood flow in the 

affected region. In later stages, necrosis and liquefaction may occur, leading to the formation of 

fluid collections within the spleen or even splenic rupture. After intravenous contrast 

administration, the infarcted area remains non-enhancing (hypoechoic) compared to the 

surrounding splenic parenchyma. 
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Figure 3.b.7. Splenic infarction. Slightly hypoechoic wedge-shaped area in subcapsular region 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 (white full arrow, left panel), as well as the unenhanced haematoma on the 

spleen surface (dotted arrows, left panel). 

 

Splenic Artery Aneurysm can be classified into true aneurysms, which involve all three 

layers of the arterial wall (intima, media, and adventitia), and pseudoaneurysms, which involve only 

the intima and media.  These aneurysms are most commonly located in the splenic hilum or distal 

parts of the splenic artery. They can be isolated or, less commonly, multiple.  Pseudoaneurysms are 

more frequently observed and are usually caused by pancreatitis, penetrating gastric ulcers, trauma, 

or septic emboli. On ultrasound, a splenic artery aneurysm appears as a localized fusiform or saccular 

dilation of the artery (greater than 50% of the normal diameter). It typically does not involve the 

entire circumference of the artery. Doppler imaging reveals turbulent blood flow, known as the "to-

and-fro" pattern, which appears as alternating red and blue color signals.  If the aneurysm ruptures, 

it can lead to significant hemorrhage or the formation of a contained hematoma. Surrounding 

anatomical structures may limit hematoma expansion. In cases of rupture, ultrasound may show an 

artery surrounded by hematoma layers, with a central area of active blood flow within the ruptured 

aneurysm.  The risk of rupture increases when the aneurysm diameter exceeds 2 cm.  

2.5. Infectious and Inflammatory Diseases of the Spleen 

Infectious Diseases of the Spleen include splenic abscesses and tuberculosis. 

Splenic Abscesses can be either pyogenic (bacterial) or fungal. Pyogenic abscesses most 

commonly arise due to hematogenous spread of infection but can also develop from direct 

extension of infection from adjacent structures. On ultrasound, they appear as hypoechoic areas of 

varying size and shape, with hypervascular peripheral margins and central liquefaction. In some 
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cases, gas bubbles may be visible within the abscess. Fungal abscesses share similar imaging 

characteristics and are more common in immunocompromised individuals. In later stages, these 

abscesses may develop calcifications. 

Inflammatory Diseases of the Spleen includes non-infectious inflammatory diseases such 

as sarcoidosis and amyloidosis. 

Sarcoidosis is characterized by the formation of non-caseating granulomas, which appear 

on ultrasound as hypoechoic to isoechoic (and les commonly hyperechoic in cases of fibrous tissue 

accumulation) hypovascular nodules within the spleen (Fig. 3.b.8). It is usually associated with 

hepatic sarcoidosis and abdominal lymphadenopathy. 

 

 

Fig. 3.b.8. Splenic sarcoidosis. An isoechoic, on B-mode barely visible focal nodular lesion of the spleen 

parenchyma (5.3 cm, left panel). Following ultrasound contrast administration the lesion is 

hypoenchanced in comparison to the surrounding parenchyma, but retains contrast up to the late phase 

(right panel, 4 min after contrast administration) 

 

Amyloidosis typically leads to diffuse splenic enlargement (splenomegaly), often 

accompanied by hepatomegaly. Due to widespread amyloid deposition, resistance indices of the 

splenic arterial blood flow are increased.  Additionally, there is a reduction in peripheral arterial 

branching within the spleen, reflecting impaired vascular architecture. 
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4. HOW CAN I USE US IN FOCAL LIVER LESIONS? 

пΦŀΦ /̧ {¢L/ !b5 .9bLDb [9{Lhb{ 

wƻȄŀƴŀ ¡ƛǊƭƛΣ wǳȄŀƴŘǊŀ aŀǊŜΣ  

²C¦a. /ŜƴǘŜǊ ƻŦ 9ŘǳŎŀǝƻƴ ¢ƛƳƛǓƻŀǊŀΣ wƻƳŀƴƛŀ 

 

Ultrasound (US) is currently one of the most widely used imaging method, with a 

significant number of examinations performed daily. This high volume of examinations often 

leads to the discovery of focal liver lesions (FLL), some expected some not, which can be either 

cystic (liquid content) or solid.  

The clinical presentation of patients with FLLs varies widely, from asymptomatic 

individuals to those with advanced chronic liver disease or a history of malignancy. It is very 

important to know the medical history, since most FLLs are benign in low risk patients, defined 

as asymptomatic subjects, with no history of cancer (especially if under 40), no known metabolic 

or chronic liver disease, normal liver tests.  

The primary question when a FLL is discovered is whether it is benign or malignant. B-

mode ultrasound alone often cannot answer this question, except for very typical lesions such as 

simple cysts, some types of Hydatid cysts, or typically localized focal fat accumulations.  

Of course, histology is the most precise diagnostic method, however it is an invasive 

technique, and its primary use is in the positive diagnosis of malignant liver lesions, especially 

before chemotherapy, but is contraindicated if curative surgical treatment is possible. Nowadays, 

liver biopsy is rarely needed due to the advancements in imaging techniques. 

For differentiating benign versus malignant ILLs, contrast-enhanced (CE) imaging 

methods are needed. CE-computer tomography (CE-CT) is the oldest and most widely available 

technique, however there is radiation exposure involved and potential adverse reactions to contrast 

agents. CE-magnetic resonance imaging (CE-MRI) is highly accurate and lacks ionizing radiation 

risks, but it is more expensive and less available. Power and Color Doppler ultrasound rarely 

provide significant additional information due to their low performance in visualizing small tumor 

vessels. 

In the past 15-20 years, contrast-enhanced ultrasonography (CEUS) has become available, 

offering a non-irradiating, point-of-care imaging method with practically no adverse events, with 

more than 90% accuracy in differentiating benign vs. malignant FLLs (similarly to CE-CT and 

CE-MRI). Ultrasound contrast agents (CA) are microbubbles containing an inert gas, encased by 

a shell and thus they amplify the US signal. They are strictly intravascular and consequently they 

allow the characterization of microvasculature as well as of the macrovasculature of FLLs. The 

examination is performed with low mechanical index, and after 5-6 minutes the microbubbles 
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begin to break and the CA slowly dissipates, the inert gas being excreted through the lungs, so that 

they can safely be administered in patients with renal failure. Thus, the most recent WFUMB-

EFSUMB guidelines on CEUS recommend that CEUS should be used as a first-line CE imaging 

method in patients with renal impairment. 

Rapidly after the bolus injection, the CA enhances the vascular pool, arriving in the liver 

and in the FLLs. Due to the dual blood supply in the liver, three enhancement ñphasesò are 

described (Table 4.a.1). Based on the enhancement pattern in the arterial, portal and late phases, 

the type of FLL can be established with similar accuracy to CE-CT and CE-MRI. The most 

important aspect in differentiating benign vs. malignant lesions is the fact that in the portal and/or 

late phases, malignant lesions lose the CA and appear hypoenhanced as compared to the 

surrounding liver (the ñwash-outò phenomenon).  

A newer CEUS CA, Sonazoid, is retained into the Kupffer cells where it remains for hours, 

allowing FLL characterization in the post-vascular phase. Malignant FLLs do not have Kupffer 

cells and will  appear as hypoenhanced in the post-vascular phase. 

 

Table 4.a.1. Vascular phases in Contrast Enhanced Ultrasound of the liver 

Phase Start (seconds after bolus injection) End (seconds after bolus injection) 

Arterial phase 10-20 30-45 

Portal phase 30-45 120 

Late phase >120 Until the bubbles dissipate 

 

Due to the good performance of CEUS in diagnosing FLLs, the latest WFUMB-EFSUMB 

guidelines recommend the use of CEUS as a first-line CE imaging method for the differentiation 

of benign vs. malignant IFLL in non-cirrhotic patients, with or without history or clinical suspicion 

of malignancy. Furthermore, it is recommended in lesions in which CE-CT or CE-MRI were 

inconclusive. CEUS can be used for liver metastases detection as part of multimodality imaging 

approach. Furthermore, CEUS can be used as a first-line CE imaging modality for the 

characterization of IFLL in patients with a history of malignancy. In patients with cirrhosis, CEUS 

can be used as first line CE imaging method to establish a diagnosis of malignancy or specifically 

of hepatocellular carcinoma (HCC), however CT or MR imaging are required for staging. In 

cirrhotics, CEUS can be used for differential diagnosis if CT and MRI are inconclusive and to 

select the FLL that require biopsy. 

Furthermore, the American College of Radiologists' Appropriateness CriteriaÈ state that 

CEUS is suitable for diagnosing an indeterminate FLL >1cm found by non-contrast or single-phase 

CT, or by non-contrast MRI in a normal liver. It is recommended for patients with a history of 

malignancy and usually appropriate for those with chronic liver disease. 
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However, one must not forget the disadvantages of CEUS: it is an operator dependent 

method, it can evaluate only one lesion at a time, deep situated lesions are difficult to evaluate, the 

examination is impaired if the patient has a poor acoustic window and/or is unable to cooperate 

with the examiner (for instance unable to hold breathing). 

In conclusion, which are the steps when finding an IFLL? First, medical history and clinical 

examination are important as well as biological tests to detect patients at high risk for malignancy. 

The high-risk patients include those with a history of chronic liver disease, especially with severe 

fibrosis and cirrhosis, in which any newly found FLL should be considered as HCC until proven 

otherwise. Liver elastography is very helpful to diagnose those with severe fibrosis and cirrhosis 

to further stratify the patients. Another category of high-risk patients includes those with a history 

of malignancy, in whom any new lesions should be suspected of being a metastasis. The next step 

is performing CEUS, thus achieving a multiparametric point-of care examination of the patient and 

reaching a diagnosis in a short time interval. 

In the following pages we will present the most frequently encountered FLL and the best 

way to diagnose them. 

 

a) Anechoic (cystic) focal liver lesions are frequently found incidentally. A large study on 

more than 45000 US examinations found a prevalence of cystic lesions of 5.8%, but reported data 

range from 0.1% and 11.3%.  

1. Typical liver cysts (biliary cysts) are usually round or oval anechoic lesions, with a very 

thin wall which can be irregular, thin septa can also be present. The wall is so thin because it 

consists of a single epithelial layer. Additional features are post-cystic enhancement (due to the US 

speed acceleration when passing from the solid environment of the liver to the liquid environment 

of the cyst), refraction shadows at the edges as well as a strong posterior wall echo (Fig. 4.a.1 and 

Fig. 4.a.2). They are unique or multiple and their size can vary from a few millimeters to a few 

centimeters, rarely larger than 5 cm. The patients are usually asymptomatic, biliary cysts being the 

typical IFLL. Rarely, in the case of large biliary cysts, discomfort in the right hypocondrium may 

be present. Their US diagnosis is straightforward and no other imaging methods are needed. 
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2. Polycystic liver, frequently associated with polycystic kidney, is a congenital disease. It 

is often an incidental finding in asymptomatic patients. The US aspect is of multiple cysts in the 

liver, similar in appearance to the simple biliary cysts (Fig. 4.a.3), with sizes varying from a few 

millimeters to a few centimeters. When the polycystic kidney is present, the kidney is completely 

replaced with cysts. 

 

 

 

 

 

Fig. 4.a.1. Biliary cyst, anechoic lesion 

with thin, irregular walls and post-cystic 

enhancement (arrow) 

Fig. 4.a.2. Biliary cyst, anechoic lesion with thin, 

irregular walls and post-cystic enhancement 

(arrows). A thin septum (star) as well as a strong 

posterior wall echo are also seen 

Fig. 4.a.3. Polycystic liver. Numerous anechoic lesions 

with thin, irregular walls are seen in the liver. 
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3. Hydatid cysts are parasitic, generated by infection with Echinococcus tapeworm species, 

being an endemic infection in the Mediterranean area. The US aspect of hydatid cysts vary 

according to the cystsô age; however, the most characteristic feature is the thick wall formed by the 

superposition of the proligerous membrane, and the compressed hepatic tissue.  

According to the World Health Organization Informal Working Group on Echinococcosis 

(WHO-IWGE) the US appearance of hydatid cysts can be classified as seen in Table 4.a.2:  

 

Table 4.a.2. US classification of hydatid cysts 

Hydatid 

cyst type 

US aspect Clinical significance 

CE 1 unilocular anechoic cyst with thick wall, sometimes 

with fine internal echoes - "hydatid sand" (fluid and 

protoscolices), visible after patient repositioning (Fig. 

4.a.4) 

young hydatid cyst ï active stage 

CE 2 thick wall cyst with one or multiple internal thick 

septations which are walls of daughter cysts (Fig. 

4.a.5), described as multivesicular, rosette, or 

honeycomb appearance  

mature cyst ï active stage 

CE 

3 

CE 

3a 

anechoic content, detached laminated ñfloatingò 

membranes (water lily sign) (Fig. 4.a.4, Fig. 4.a.6) 

transitional stage, usually seen 

after successful anthelmintic 

treatment 

CE 

3b 

daughter cysts within a solid matrix (Fig. 4.a.7) mature cyst - transitional stage 

CE 4 cyst with heterogeneous hypoechoic and hyperechoic 

content (ñball of woolñ, or ñonionò sign) (Fig. 4.a.8); 

absence of daughter cysts 

inactive/degenerative stage 

CE 5  echoic content, solid and calcified wall (Fig. 4.a.9) Old cyst - inactive/degenerative 

stage 
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Fig. 4.a.4. CE 1 Hydatid Cyst (1) ï anechoic 

content, thick walls; CE 3a Hydatid Cyst (2) ï 

anechoic content, thick walls, detached 

endomembrane ñwater-lilyò sign 

Fig. 4.a.5. Large hydatid cyst (5 pointed star) with 

anechoic content and thick walls, with one daughter 

vesicle (4 pointed star), also with thick walls 

Fig. 4.a.6. CE 3a Hydatid Cyst ï 

an/hypoechoic content, thick walls, detached 

endomembrane ñwater-lilyò sign 

Fig. 4.a.7. CE 3b Hydatid Cyst (between 

arrows) ï daughter cysts (stars) within a solid 

matrix  
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The US diagnostic of hydatid cysts CE 1, CE 2, CE 3a is straightforward, no additional 

imaging is needed. For confirmation anti-Echinococcus antibodies should be evaluated, especially 

in CE 1, where differential diagnosis problems with simple biliary cysts may arise. However, 

simple biliary cysts have a very thin wall and sometimes a ñgeographicalò delineation, unlike the 

CE 1 hydatid cyst, that has a thick wall and an ñinside strainò appearance. If still in doubt, 

ultrasound guided aspiration can be performed. The procedure should be done using a 0.6-0.7 mm 

needle, passing through normal hepatic parenchyma, under protection with Hydrocortisone 

Hemisuccinate and Albendazole. In hydatid cysts, the aspirated fluid is crystal-clear and 

microscopic examination will reveal scolexes.   

In gray scale US, CE 3b, CE 4 and CE 5 hydatid cysts are difficult to differentiate from 

liver tumors. Contrast enhanced imaging is useful in such cases revealing an unenhancing lesion 

since hydatid cysts are avascular (Fig.4.a.10). Anti Echinococcus antibodies can be negative in CE 

5 hydatid cysts since the parasite is long dead when wall calcifications appear. 

Fig. 4.a.8. CE 4 Hydatid Cyst ï cyst with 

heterogeneous hypo- and hyperechoic content 

(ñball of woolñ, or ñonionò sign) 

Fig. 4.a.9. CE 5 Hydatid Cyst ï echoic 

content (star), solid and calcified wall 

(arrows) 
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4. Liver abscess is a puss-containing FLL, most often caused by a bacterial infection, but 

also by fungi. It is found in symptomatic patients (septic state, fever, malaise, night sweats, weight 

loss, and abdominal pain). Less common are mild symptoms, such as subfever, especially in 

diabetics and immune compromised patients. Leukocytosis and inflammatory syndrome are 

present, as well as elevated liver function tests, while patientsô history can reveal an infecting 

moment. 

The standard US aspect is of a hypoechoic, poorly delineated lesion, sometimes with 

anechoic content and thick septa (Fig. 4.a.11, Fig. 4.a.12). Sometimes the lesion can be slightly 

hyperechoic and/or inhomogeneous (Fig. 4.a.13 left panel). Characteristic for liver abscess is that 

their appearance changes during time. The anechoic areas correspond to necrotic, avascular liver 

tissue (puss), while hypoechoic areas correspond to inflamed liver tissue. 

Fig. 4.a.10. CEUS hydatid cyst. Right panel - B-mode US (inhomogeneous, 

echoic content, thick walls). Left panel ï unenhancing lesion (star) 
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CEUS is very useful for the differential diagnosis, bringing several typical elements, which 

corroborated with the clinical presentation lead to a positive diagnosis. The CEUS pattern includes 

marginal rim enhancement in the arterial phase, with enhancement of the septa (honeycomb 

appearance), with no enhancement in the liquid areas (Fig. 4.a.13), and venous hypoenhancement 

(Fig. 4.a.14). The clinical presentation is paramount for the differential diagnosis since cystic 

metastases can have a similar aspect. US guided aspiration is recommended for the positive 

diagnosis and to obtain cultures to guide antibiotic therapy. 

 

 

Fig. 4.a.11. Liver abscess - hypoechoic, poorly 

delineated lesion, with anechoic content 

Fig. 4.a.12. Liver abscess - hypoechoic, poorly 

delineated lesion, with anechoic content (stars) 

Fig. 4.a.13. Left ï B-mode US liver abscess ï Hyperechoic, poorly delineated lesion, with 

thick septa: honeycomb appearance; Right ï CEUS arterial phase Hyperenhancing walls 

and septa, with unenhancing areas. 






























































































































































































































































































































































































































































































































































































































