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Summary

Herewith and as part of celebrating the edition of a Felicitations Volume in honour of our
esteemed colleague and friend Professor Luigi Bolondi, who has retired after a long and
seminal career, we present an individually choosen summary of his worldwide recognized

published papers as a sign of collaboration and friendship.
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The first publications

In 1976, Prof. Luigi Bolondi focused very early as a pioneer in ultrasound of pancreatic
disease. He first published a paper in Gut [(1)]. The authors have proven that there was good
agreement between the echographic picture and surgical findings of pancreatic diseases. It
concluded that echography is a simple, safe, and valuable method in addition to the imaging

techniques available for studying the pancreas [Figure 1]

Figure 1 Pseudocyst of the tail of the pancreas (arrow) in chronic calcifying

pancreatitis.
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In 1978, Prof. Luigi Bolondi pioneered the study of the portal venous system and portal
hypertension using ultrasonography. In his Lancet publication [(2)] he showed that, on the
oblique scans, the right portal vein is always clearly recongnisable near the porta hepatis
[Figure 2], and Ultrasound (US) can therefore be considered a simple, safe, rapid and

important technique in the diagnosis of extrahepatic portal venous obstruction.

Figure 2 The portal vein (PV) on oblique section of abdominal ultrasound.

After addressing the pancreas and the portal venous system, in 1979, Prof. Bolondi
published a paper in the American Journal of Gastroenterology [(3)] on the use of US as a
first step in the diagnostic approach to cholestasis. Since then, information gained from this
noninvasive technique makes it possible to correctly plan the more complex investigations
such as endoscopic retrograde cholangiopancreatography (ERCP) and percutaneous

transhepatic cholangiography (PTCD) [Figure 3].

Figure 3 Cholecystolithiasis (arrow) could be visualized inside of the gallbladder (GB)

on oblique section of gray scale ultrasound.
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Masterpieces

Gastroenterology

In 1985, Prof. Bolondi published a paper in Gastroenterology, which described a new
ultrasound method of assessing gastric emptying time based on measurements of the gastric
antrum, which is visible in almost all subjects before and after meals. They concluded that
this kind of ultrasound study of the antropyloric region allowed accurate determination of
total gastric emptying time [(4, 5)].

In 1986, Prof. Bolondi evaluated by ultrasound the number and anatomical correspondence
of the sonographically recognizable layers within the gastric wall in vivo. For the first time in
ultrasound history, they took into account the physical laws of ultrasound interactions with
tissues and concluded that the 1st and the 5th hyperechoic layers were partially generated
by ultrasound reflection at the interface liquid/wall; the 2nd hypoechoic layer corresponded
to the deepest part of the mucosa; the 3rd hyperechoic to the submucosa and the
submucosa/muscularis propria interface and the 4th hypoechoic layer to the muscularis
propria. These findings opened a new era for the clinical ultrasound applications in the
diagnosis of gastric wall diseases [(6-9)] [Figure 4 and 5]. He also undertook pioneering
research on the ultrasound application in ulcerated Meckel's diverticulum [(10)] and the

pseudomembranous colitis [(11)].
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Figure 4 Normal appearance of five layers within the stomach wall (arrows), which
could be well visualized by endoscopic ultrasound in vivo after water filling

of the stomach.

Figure 5 Normal appearance of five layers within the stomach wall (arrow) could be

well recognized by conventional transabdominal ultrasound.

Endoscopic ultrasound (EUS) enables high-resolution imaging of the stomach and can
demonstrate the different layers of the gastric wall. Therefore, EUS was proposed by Prof.
Bolondi in 1987 for the use in evaluating the extension of gastric neoplasms. Three different

ultrasound patterns were found in gastric lymphomas [Figure 6]. However, gastric
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carcinomas had a more echogenic pattern and a different trend of diffusion, with no
extended longitudinal hypoechoic infiltration of the superficial layers or extended
hypoechoic transmural infiltration [(12)]. Ever since then, endoscopic ultrasound became
more and more useful in detecting the early stages of infiltration of gastric malignant

tumours [(13, 14)] when the overlying mucosa was still intact [(15)] [Figure 7].

Figure 6 Diffuse gastric lymphoma with extended longitudinal thickening (arrows) of

the gastric wall (2 cm thick) and complete disappearance of normal layers

[(12)].

Figure7 Endoscopic sonogram showed an infiltrating carcinoma at the level of the
antrum. Layers in the infiltrated wall (arrows) were not recognizable, and the

structure showed alternating hypo- and hyperechoic areas [(12)].
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Endoscopic ultrasound also contributed to a correct diagnosis in gastric submucosal tumours.
Leiomyoma and lipoma were easily recognized by their location and echogenicity [Figure 8].
In gastric submucosal tumours, endosopic ultrasound can reduce the need for aggressive

and risky biopsy or exploratory laparotomy [(14)].

Figure 8 A leiomyoma (arrow) mimicking a large polypoid lesion was detected within

the water-filled stomach.

Portal Hypertension (with and without Budd Chiari Syndrome, BCS)

The first application of ultrasound in the assessment of the portal venous system was

reported in the Lancet in the year 1978 [(2)]. In 1982, Prof. Bolondi assessed the usefulness
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of ultrasound in the diagnosis of portal hypertension due to liver cirrhosis [Figure 9]. For the
first time, a lack of normal caliber variation (an increase during inspiration and a decrease
during expiration) in the vessels of the portal venous system was proposed as an ultrasound
sign of portal hypertension. The pathophysiological and clinical significance of these findings
are discussed in detail [(16-18)]. The sonographic findings in portal hypertension and its
correlation with the presence and size of oesophageal varices were also evaluated and

reported [(19-22)].

Figure 9 Portal hypertension due to liver cirrhosis. Patent and dilated umbilical vein

both in transverse (a) and sagittal scan (b) [(16)].

In 1991, Prof. Bolondi showed that Doppler ultrasonography provided qualitative data on
flow direction and pattern in the hepatic venous system, thereby contributing significantly to
the diagnosis of Budd-Chiari syndrome (BCS) [(23-26)]. Their findings demonstrated that
absent or reversed flow in the hepatic veins and/or flat flow in the hepatic veins are
associated with reversed flow in the inferior vena cava and may be considered diagnostic for
BCS [(24)]. They further assessed the interobserver, interequipment, and time-dependent
variabilities of echo-Doppler measurements of portal blood flow velocity (PBV), portal vein
diameters (PVDs) and their derived parameters, portal blood flow (PBF), and congestion
index (Cl) in patients with cirrhosis [Figure 10]. Their results were published in Hepatology
and indicated that (1) a significant systematic variability exists between Doppler
measurements with different equipment; (2) there is no significant time-dependent
systematic variability of Doppler measurements; and (3) a cooperative training program

reduces the interobserver variability for direct measurements, such as PBV [(27-29)].
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Figure 10 Changes in subdivision of variance components after cooperative training.

Portal Vein Diameter Congestion Index

Since the 1980s, a quantitative measurement of the volume of blood flow by Doppler
flowmetry was attempted in some of the major abdominal arteries and veins, but the
reliability of these measurements was still questioned [(30, 31)]. Systematic variability
existed among mesenteric Doppler measurements obtained by different operators using
different commercially available equipment [(32-34)]. Prof. Bolondi suggested that the
qualitative information on flow pattern provided by Doppler investigation not only
contributed to clarifying doubtful images in real-time ultrasound, but also provide new
insights into many clinical conditions [(35, 36)].

Prof. Luigi Bolondi and his team first reported the sonographic visualization of the distal end
of the thoracic duct [Figure 11]. Its diameter is small in healthy young subjects, whereas in
patients with cirrhosis its increased diameter seems to be associated only with the presence
of portal hypertension and not with its severity [(20, 37)].

In another study they evaluated the effect of two different doses of secretin on portal
haemodynamics (by pulsed Doppler associated with real time ultrasound) in 24 healthy
humans. They suggested that secretin had an appreciable vasoactive effect and induced a
significant increase in portal venous flow even at doses much lower than those necessary for

a maximal stimulation of exocrine pancreatic secretion [(38)].
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Figure 11 Transverse sonograms of left supraclavicular are of healthy subject (A) and a
patient with cirrhosis and portal hypertension (B). Color Doppler sonography
was used to identify the distal end of the thoracic duct (TD) as vessel like
structure draining into the internal jugular vein (JV) and without detectable

blood flow within it.

Prof. Bolondi and his team first used EUS to detect portal hypertension and evaluate
esophageal varices [(39, 40)]. They tried to make sonographic evaluation of the portal
venous system after elective endoscopic sclerotherapy of esophageal varices [(41)]. For
other abdominal vascular diseases, they also used dynamic ultrasonography to visualize
aneurysm of the splenic artery [(42)] and to check the patency of porto-systemic surgical
shunts [(43)(44)]. Prof. Bolondi’s commitment to the understanding of portal hypertension
and chronic liver disease by using ultrasound and Doppler-ultrasound is shown by a large
number of papers published in the following decade, including US use to detect unusual
spontaneous portosystemic shunts associated with uncomplicated portal hypertension [(45)],

to evaluate the morphological bases of splenic circulation in congestive splenomegaly [(46)],



Prof. Luigi Bolondi 4/13/2021 / 8:05 11

to examine the caliber of splenic and hepatic arteries and spleen size in cirrhosis of different
etiology [(47)], to assess the hepatic artery resistance in portal vein thrombosis [(48)],
diagnosis and monitoring of portohepatic vascular pathology and liver disease [(49)], to
describe Doppler findings in splenic arteriovenous fistula [(50)] and to describe intrahepatic
artery pseudoaneurysm [(51)] and cardiac abnormalities in cirrhosis [(52)] and other findings

in diffuse liver diseases [(53-59)].

Focal liver lesions

Prof. Bolondi and his team shaped the applications of ultrasound to identify and characterize
focal liver lesions since very early times [(60-65)]. His interest was broad, ranging from the
diagnosis of hepatic haemangiomas [(66)] to that of malignancies in patients with cirrhosis

[(67)]. [Figure 12-13]

Figure 22 Liver cyst by longitudinal scan. Compound Grey scale (1976)

Figure 13 Longitudinal scan of the liver and kidney- Compound grey scale (1976)
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Hepatocellular carcinoma

Hepatocellular carcinoma (HCC) is a major cause of death in liver cirrhosis patients. Early
diagnosis and treatment of HCC are expected to improve survival of patients [(68-72)]. Prof.
Bolondi reported the relationship between alpha-fetoprotein serum levels, tumour volume
and growth rate of HCC in a western population [(73, 74)]. He assessed between March 1989
and November 1991 the cost effectiveness of a surveillance programme in a cohort of 313
patients with liver cirrhosis for the early diagnosis and treatment of HCC [(74, 75)].

In a large retrospective study on 2091 biopsies, Prof. Bolondi investigated ultrasound-guided
fine-needle biopsy of focal liver lesions [(76)], proving that the diagnostic accuracy of fine-
needle biopsies was very high (only one false positive was observed), both for aspiration
biopsy (93.4%) and for cutting biopsy (95.1%) [(76-79)].

To define indications for percutaneous ethanol injection (PEl) in patients with HCC and
cirrhosis, Prof. Bolondi and his team made a long-term follow-up of 746 patients between
1985 to 1993 [(80)]. They indicated that PEIl is safe, effective, and repeatable and had low
cost. Survival after PEl was comparable to that after surgery [(80-82)]. These findings
strengthened the use of US-guided locoregional therapies for HCC.

Prof. Bolondi and his team made some breakthrough discoveries in the liver transplantation
area. They prospectively evaluated the reliability of ultrasound screening of liver and kidney
donors [(83)]. They also investigated the long-term changes induced by orthotopic liver
transplantation (OLT) on several hemodynamic parameters [(84, 85)]. They first reported in

Hepatology in 1999 that systemic, renal, and splanchnic circulatory alterations of cirrhosis
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are restored to normal after OLT [(86)]. They published their results about liver
transplantation for HCC in patients initially outside of the Milan selection criteria [(87)].

Contrast enhanced ultrasound was a new imaging method at that time. Prof. Bolondi first
evaluated the use of Levovist to assess splanchnic hemodynamics in cirrhotic patients [(88)]
and in liver transplantation, and to assess the conservative management of post-transplant
intra-hepatic pseudo-aneurysm [(89)]. Diagnosis of HCC relies strongly on the detection of
hypervascularity in the arterial phase. Previously spiral computed tomography (CT) was the
most widely used method [(90)]. Prof. Bolondi first investigated the usefulness of low
mechanical index harmonic ultrasound, using a second generation contrast enhanced
technique in the assessment of vascular pattern of HCC shown to be hypervascular at spiral
CT [Figure 14]. Contrast enhanced ultrasound showed good diagnostic agreement with spiral
CT in hypervascular HCC and might be proposed for the immediate vascular characterization
of nodules detected at US and used as second imaging technique to confirm hypervascularity

in cirrhotic nodules [(90)].

Figure 14 Vascular enhancement pattern of HCC using contrast enhanced ultrasound.

Prof. Bolondi indicated the value and limitation of the different Doppler ultrasound
modalities in assessment of vascular patterns of small liver mass lesions [(91, 92)]. In a
prospective study, Prof. Bolondi examined the impact of arterial hypervascularity, as
established by the European Association for the Study of the Liver (EASL) recommendations,
as a criterion for characterizing small (1 — 3 cm) nodules in liver cirrhosis [Figure 12] [(93,
94)]. They suggested in their paper published in Hepatology that the noninvasive EASL
criteria for diagnosis of HCC are satisfied in only 61% of small nodules in liver cirrhosis. Any

nodule larger than 2 cm should be regarded as highly suspicious for HCC [(95, 96)]. They
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made cost analysis of recall strategies for non-invasive diagnosis of small HCC [(97)]. [Figure

15-16]

Figure 15 Hypoechoic liver metastases by longitudinal scan. Compound Grey scale

(1976)

Figure 16 Hypoechoic liver metastases (m) by longitudinal scan. Compound Grey scale

(1976)

Prof. Bolondi and his team also used real-time contrast enhanced harmonic sonography at

low acoustic energy to evaluate liver metastases from rectal carcinoma [(98)],
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gastrointestinal cancer [(99)] and metastatic portal vein thrombosis [(100, 101)]. They also
differentiated between various liver tumours [(102-117)] and made quantitative analysis of
liver tumour perfusion by contrast enhanced ultrasound [(118)]. They explored some new
application of real-time contrast enhanced ultrasound, such as for detection of peritoneal-
pleural communications in hepatic hydrothorax [(119)] and for the evaluation of coil
embolization of splenic artery aneurysm [(120)]. [Figure 17]

Prof. Bolondi and his team evaluated the safety of Sonovue in abdominal applications in a
retrospective analysis of 23,188 investigations [(121)]. He published the first guideline for
the use of contrast agents in ultrasound in January 2004 [(122)] and position paper of the
Italian Association for the Study of the Liver (AISF) for the multidisciplinary clinical approach
to HCC [(123)]. Luigi Bolondi’s team also compared international guidelines for noninvasive
diagnosis of HCC [(124)] and updated the contrast enhanced ultrasound guideline in 2008
[(125)].

Figure 17 Typical appearance of HCC (arrows) on contrast enhanced ultrasound.

Luigi Bolondi’s contribution to hepatology and medicine goes far beyond ultrasound. In the
field of advanced HCC, he was one of the authors of a large randomized controlled trial
proving that systemic therapy using a multikinase inhibitor (Sorafenib) can improve survival
[(126-133)]. The results were published in the New England Journal of Medicine [(126)].

The intermediate stage of HCC comprises a highly heterogeneous patient population and,
therefore, poses unique challenges for therapeutic management, different from the early

and advanced stages [(134, 135)]. In April 2012, Prof. Bolondi joined a panel of experts and
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discussed unresolved issues surrounding the application of guidelines when managing
patients with intermediate HCC. The meeting explored the applicability of a subclassification
system for intermediate HCC patients to tailor therapeutic interventions based on the

evidence available to date and expert opinion [(135)].

Pancreatic disease

Prof. Bolondi and his team explored the application of ultrasound in pancreatic or Whipple’s
disease early on [(136, 137)]. They first made an evaluation of echography in the diagnosis of

pancreatic disease in 1975 [(1)] [Figure 18-19].

Figure 18 Enlarged head of the Pancreas - Longitudinal scan - Compound bistable

(1974)

Figure 19 Enlarged head of the Pancreas - Transverse scan - Compound bistable (1974)
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After that, they used ultrasound in diagnosis and treatment of chronic pancreatitis [(137-
145)], to evaluate the therapeutic effect of a pharmacological combination of choleretics
and digestive enzymes in exocrine pancreatic insufficiency [(146)], to make diagnosis of islet
cell tumour by means of endoscopic ultrasonography [(147)] and pseudocysts [Figure 20-21].
They also used contrast enhanced ultrasound to evaluate the extramedullary hematopoiesis

presenting as a presacral mass [(148)].

Figure 20 Pancreatic pseudocyst (pc) - Transverse scan - Compound bistable (1974)

Figure 21 Pancreatic pseudocyst (pc) - Longitudinal scan - Compound bistable (1974)
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For ultrasound imaging of the pancreas, the body is the best visualized part of the pancreas,
however, the head and the tail are always obscured by gas in the stomach or duodenum. In
order to improve the pancreatic ultrasound imaging, Prof. Bolondi stimulated pancreatic
juice secretion by a standard dose of intravenous secretin in 24 normal subjects. They
observed that 4 to 5 minutes after hormone administration pancreatic juice outflow into the
duodenum generated a fluid-filled echofree area around the head of the pancreas, allowing
excellent visualization of its boundaries and other channel structures [Figure 22]. This
method was suggested to be utilized in selected patients whenever a pathological condition

of the pancreatic head region is suspected [(149, 150)].

Figure 22 A figure in Prof. Bolondi’s paper showed Improvement of pancreatic head

visualization after secretin-induced pancreatic secretion [(149)].
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Interventional procedures

In 1978, Prof. Bolondi used ultrasonography in the diagnosis of cholestatic jaundice [(3)]. He
compared ultrasound findings with endoscopic retrograde cholangio-pancreatography (ERCP)
[(151)]. Ever since then, endoscopic treatment of obstructive cholangitis were explored and
applied to daily routine [(152)]. They used endoscopic retrograde cholangiography (ERC) also
through artificial endoscopic choledocho-duodenal fistula [Figure 23]. They concluded that
this new method might permit an endoscopic choledocho-duodenostomy for
choledocholithiasis in cases of unsuccessful endoscopic papillo-sphincterotomy [(153)]. They

also used diathermy ERCP as an alternative method for ERCP in jaundiced patients [(154)].

Figure 23 Endoscopic retrograde cholangiography performed through a fistula. The

obstruction of the distal end of the common bile duct due to a carcinoma of the

head of the pancreas is shown (arrow).

X

Other publications

Prof. Bolondi also evaluated the diagnostic opportunities of ultrasound in renal diseases
[(155, 156)], the inhibitory effect of atropine on cholecystokinin-induced gallbladder
contraction and emptying [(157-159)], knowledge in the acute cholecystitis caused by
gallbladder stones and sludge [(160-162)], non-invasive assessment by Doppler ultrasound of

splanchnic hemodynamics in inflammatory bowel disease [(163)], evaluation of changes in
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mesenteric venous flow due to celiac sprue [(164)], diagnosis and follow-up by duplex and
color Doppler for extracranial vertebral artery dissection with spontaneous recovery [(165)]
and many other subjects.

He discovered sonographic findings in abdominal hereditary angioedema [(166)], the
sonographic diagnosis of adult intussusception [(167)], and usefulness of ultrasound
elastography in the assessment of liver fibrosis or stiffness [(168-174)].

Prof. Bolondi participated in many survey, e.g., a survey conducted by the Italian Society for
Ultrasound in Medicine and Biology (SIUMB) reported knowledge of the bio-effects of
ultrasound among physicians performing clinical ultrasonography [(175)].

Intraoperative ultrasonography was first used in 37 patients during surgery for suspected
liver tumours. This new imaging techinique facilitated the diagnosis of small liver tumours
and also aided the surgeon in his choice of technique, especially in cases of cirrhosis of
the liver. A resection can be avoided altogether when multiple lesions are involved, or echo-
guided subsegmentary resections can be performed in cirrhotic livers when a less extended
resection is required. This technique makes it possible to establish the relationship between
the tumour and intrahepatic vessels, thus preventing vascular injury and making radical

hepatic resection safer [(176-178)].
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