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1. Beitrag zu den Veroffentlichungen

1.1 Beitrag zu Studie |

Die erste Arbeit ,Performance of contrast-enhanced ultrasound (CEUS)
compared to MRI in the diagnostic of gallbladder diseases” wurde im Oktober

2019 in der Zeitschrift Clinical Hemorheology and Microcirculation veroffentlicht.

Ziel der Arbeit war es, die diagnostische Wertigkeit des kontrastmittelverstarkten
Ultraschalls (contrast-enhanced ultrasound [CEUS]) in der Beurteilung von Pa-
thologien der Gallenblase durch den Vergleich der Ergebnisse mit Magnetreso-

nanztomographie (MRT)-Befunden zu analysieren.

In der Studie wurden sonographische Untersuchungen von 202 Patienten mit un-
klaren Veranderungen der Gallenblase retrospektiv ausgewertet. Die Untersu-
chungen wurden zwischen 2009 und 2017 durchgefuhrt. Die Patienten hatten bei
Verdacht auf eine tumorose Veranderung im Anschluss an die konventionelle
Ultraschalluntersuchung der Gallenblase eine ergdnzende CEUS-Untersuchung
erhalten. Aus dieser gesamten Kohorte wurde eine Subgruppe mit 18 Patienten
nach zusatzlicher Durchfihrung einer MRT-Untersuchung analysiert.

Die insgesamt 18 CEUS-Untersuchungen wurden mit den Ergebnissen der MRT
verglichen. Die Veranderungen der Gallenblase wurden nach dem Kriterium der
Malignitat analysiert. AnschlieRend wurde die Wertigkeit von CEUS im Vergleich
zu MRT anhand der berechneten Sensitivitat, Spezifitdt und positiven und nega-

tiven pradiktiven Werte bestimmt.

Bei dieser Veroffentlichung handelt es sich um eine Erstautorenschaft. Ich ent-
warf das Studienkonzept nach ausfuhrlicher Literaturrecherche Uber die kontrast-
mittelverstarkte Untersuchung bei Gallenblasen. Ich fuhrte selbststandig die Da-
tenerhebung fur die gesamte Kohorte durch und wertete die Ergebnisse vollstan-
dig statistisch aus. Auch die Interpretation der Ergebnisse erfolgte zum Uberwie-
genden Teil durch mich. Nach erfolgreicher Erhebung, Auswertung und Interpre-
tation der Daten fertigte ich das Manuskript an. Ich bereitete das Manuskript fur
die Einreichung bei der gewunschten Zeitschrift vor und beantwortete die Fragen

und Kommentare der Gutachter zur Veroffentlichung.
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1.2 Beitrag zu Studie ll

Die zweite Arbeit ,Single-center study: evaluating the diagnostic performance
and safety of contrast-enhanced ultrasound (CEUS) in pregnant women to as-
sess hepatic lesions” wurde im Februar 2020 in der Zeitschrift Ultraschall der

Medizin — European Journal of Ultrasound veroffentlicht.

Schwarze et al. analysierten die CEUS-Ergebnisse von 6 Schwangeren (mittlere
Schwangerschaftswoche: 28) mit unbekannten hepatischen Lasionen in einer
retrospektiven Studie. Die Untersuchungen wurden zwischen 2005 und 2014
durchgefuhrt. Ziel der Arbeit war es, die diagnostische Leistung und Sicherheit
von CEUS in der Schwangerschaft im Hinblick auf die Beurteilung von Leberla-

sionen unbekannter Entitat zu bewerten und analysieren.

Dafur wurden die Ergebnisse des CEUS in der Diagnostik der hepatischen Lasi-
onen mit denen aus MRT-Untersuchungen verglichen. Es konnte gezeigt wer-
den, dass es sich bei CEUS um eine sichere Bildgebungsmethode handelt, ob-
wohl sie in der Geburtshilfe bisher noch nicht klinisch zugelassen ist. CEUS-Un-
tersuchungen konnen wahrend der Schwangerschaft nutzliche Informationen lie-

fern.

In dieser Arbeit fihrte ich die Datenerhebung der verrichteten MRT-Untersuchun-
gen selbststandig durch. Zusatzlich fuhrte ich zum Teil die Auswertung und den
Vergleich der Untersuchungen selbststandig aus. Des Weiteren Ubernahm ich
die kritische Uberpriifung des Manuskripts sowie die ergdnzende Recherche der

Literatur.
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2. Einleitung

2.1 Grundlagen der kontrastmittelverstérkten
Ultraschalldiagnostik

CEUS ist ein schnelles und kostengunstiges Verfahren und deswegen eine weit
verfugbare Alternative zu den bereits etablierten radiologischen Verfahren.

Das sonographische Kontrastmittel wird intravenos verabreicht und enthalt gas-
gefullte Mikroblaschen (MB) (1, 2). Diese MB interagieren in besonderer Art mit

den ausgesandten Schallwellen des Ultraschallkopfes (1, 2).

In Europa ist ein Kontrastmittel (KM) der zweiten Generation mit dem Namen
SonoVue® (Bracco, Mailand, Italien) das derzeit hauptsachlich verwendete Kon-
trastmittel (Lumason® in den Vereinigten Staaten von Amerika, vom gleichen Her-
steller). Das Kontrastmittel enthalt gasgefullte MB, die aus Schwefelhexafluorid
(SFs) bestehen und zur Stabilisierung von einer Hulle (,Shell“) aus Phospholipi-
den umgeben sind (1, 2). Die einzelnen MB haben einen Durchmesser von 2 bis
10 pym, eine GroRe ahnlich einem Erythrozyt (1, 2). Damit ist das Kontrastmittel
im Kapillar frei gangig (Blutpool-Kontrastmittel) und tritt nicht in den interstitiellen
Raum Uber, anders als bei schnittbildgebenden Verfahren (3). Die vorgegebene
Quantitat fur eine Kontrastmittelinjektion variiert gemaf Fragestellung zwischen
1,5 und 5,0 ml SonoVue®, gefolgt von einer Spiilinjektion mit 5-10 ml 0,9 % NaCl
(1, 2, 4). Das Kontrastmittel wird als Bolus unter Verwendung einer 20- bis 22-

Gauge-Kanule uber eine Antekubitalvene (1-3) injiziert.

Der Gasanteil des Kontrastmittels wird nach der Injektion zum groten Teil durch
die Atmung eliminiert und die Phospholipide werden endogen metabolisiert. Da-
mit hat das Kontrastmittel keine Einwirkung auf die Funktion der Nieren oder der
Schilddruse (2).

Um eine fruhzeitige Zerstorung der MB im Kontrastmittel zu vermeiden, mussen
moderne Ultraschallsysteme Ultraschallimpulse mit niedrigem Druck (mechani-
scher Index <0,2) verwenden (2, 3). Die nichtlineare akustische Interaktion zwi-
schen stabilisierten MB und Ultraschallwellen ermoglicht die Kontrastdarstellung
zur Bildgebung. Im Gegensatz zu einem B-Bild erzeugen MB einen zusatzlichen
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Kontrast abhangig von der lokalen Durchblutung des Organs (1, 2) und Echosig-
nale werden durch diese Interaktion fur die kontrastspezifische Bildgebung gene-
riert (3). MB konnen jedoch zerstort werden, wenn das Signal, das auf die MB
trifft, zu stark st. Diese Methode kann aber auch genutzt werden, um die Perfu-
sion des Organs mit der wiederholten Darstellung von Inflow- und Washout-Pha-
nomenen zu beurteilen (3). Wenn MB durch eine kurzzeitige hohe Sendeleistung
zerstort werden, dann kann der Wiedereinstrom von MB gemessen werden
(Flash-/Replenishment-Technik) (3).

Normalerweise kommt der CEUS ofter zum Einsatz, wenn Befunde in der nativen
Ultraschalluntersuchung unklar sind und weiter abgeklart werden mussen (5).
CEUS unterliegt jedoch den gleichen Limitationen wie die B-Bild- und farbko-
dierte Duplexsonographie und dies reicht manchmal nicht aus fur die Diagnostik
von adiposen oder nichtkooperierenden Patienten (2, 5). Eine erhohte Menge an
Darmgas kann die Aussagekraft der Untersuchung auch stark einschranken (5).
Ferner kann die Qualitat der Ultraschalluntersuchung von der Erfahrung des
durchfuhrenden Arztes abhangig sein (5).

2.2 Klinische Anwendung der kontrastmittelverstarkten
Bildgebung — Ultraschalldiagnostik

Die kontrastmittelverstarkte Untersuchung ermoglicht die dynamische Darstel-
lung des Blutflusses in GefalRen bis zu einer Grolke von nur 40 ym und damit
kann die Vaskularisation und Perfusion von Organen wie der Leber, der Gallen-
blase, den Nieren, der Milz, des Pankreas, des Darms, der Prostata, des Hodens,
der Brust und der Skelettmuskulatur sowie das zerebrale, periphere und kardiale
GefalRsystem dargestellt werden (2—4). Zusatzlich kann CEUS noch zur Darstel-
lung einer Hypo- oder Hyperperfusion genutzt werden und wird bei Angiopathien,
bei Gefalldissektionen und Aneurysmen (6) eingesetzt.

Die dynamische Darstellung des Blutflusses erlaubt in den meisten Organen die
Beobachtung von zwei Perfusionsphasen: die arterielle Phase (10-20 s nach
Kontrastmittelinjektion) und die vendse Phase (40-65 s nach Kontrastmittelinjek-
tion) (2—4). In der Leber ist es wegen der dualen Blutversorgung durch die Leber-
arterie und die Pfortader moglich, drei Perfusionsphasen zu beobachten: die ar-
terielle Phase (10-20 s nach Kontrastmittelinjektion), die portalvenose Phase
(30—45 s nach Kontrastmittelinjektion) und die Spat- oder Parenchymphase (ab
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120 s nach Kontrastmittelinjektion) (4, 7, 8). Die Dichte des Gefallnetzes und des
relativen Blutvolumens der Zielstruktur beeinflusst die Gefal3perfusion.

Bei der Untersuchung der Oberbauchorgane steht die Erkennung und Unter-
scheidung zwischen gutartigen und bdseartigen Lasionen im Vordergrund. Die
Perfusionsparameter der Leber ermdglichen auch eine Differenzierung von Pri-
martumoren und Metastasen (7, 8).

Es wurden im Rahmen der beiden vorgestellten Studien klinische Studien aus-
gewertet, um die Verwendung von CEUS bei der Diagnostik der Gallenblase und
der Leber bei Schwangeren zu evaluieren, sowie die Sicherheit dieser Methode
fur Patientinnen in der Schwangerschaft.

Alle ausgewerteten Untersuchungen wurden vom gleichen erfahrenen Arzt
durchgefuhrt und zum Zeitpunkt der Untersuchung interpretiert. Eine Dosis von
1,5-2,4 ml Kontrastmittel (SonoVue®) wurde in den meisten Fallen verwendet.
Bei keinem der Patienten konnten Nebenwirkungen der Kontrastmittelgabe fest-
gestellt werden.
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3. Studie I: Erkrankungen der Gallenblase

Die Bildgebung der Gallenblase spielt eine wichtige Rolle bei der Erkennung und
Charakterisierung unklarer Pathologien. Des Weiteren hilft eine rechtzeitige Bild-
gebung der Galleblase bei der Therapieplanung (9).

Die Gallenblase ist ein Organ, das von einer Vielzahl unterschiedlicher Patholo-
gien befallen werden kann, welche oft mit unspezifischen Zeichen und Sympto-
men einhergehen konnen. Die Echtzeitsonographie fur die initiale diagnostische
Bildgebung der Gallenblase ist das am haufigsten eingesetzte Verfahren und da-
mit auch das Screening-Verfahren der Wahl. Andere Verfahren wie die CT oder
MRT konnen bei unklaren Fallen erganzend eingesetzt werden (9—12). Ein Ver-
standnis der Eigenschaften verschiedener Krankheitsmanifestationen und ihrer
Darstellung im CEUS kann hierbei die Antwort fur die richtige Diagnose sein.

Die kontrastmittelverstarkte Sonographie der Gallenblase kann anwendet wer-
den, um Normvarianten von GefalRen zu identifizieren, Sludge von neoplasti-
schen Lasionen zu erkennen, benigne und maligne Lasionen zu identifizieren
oder auszuschliel3en sowie auch Infektionen, eine Wandruptur oder eine Hamo-
bilie zu diagnostizieren (5).

Ziel der ersten Studie war es, die diagnostische Wertigkeit des CEUS in der Be-
urteilung von Erkrankungen der Gallenblase durch den Vergleich der Ergebnisse
mit MRT-Befunden zu analysieren.

Dazu wurden sonographische Untersuchungen von insgesamt 202 Patienten mit
unklaren Veranderungen der Gallenblase retrospektiv ausgewertet. Diese Unter-
suchungen wurden zwischen 2009 und 2017 durchgefuhrt. Eine CEUS-Untersu-
chung wurde erganzend zur konventionellen Ultraschalluntersuchung bei Ver-
dacht auf tumordse Veranderung der Gallenblase durchgefuhrt. Aus dieser ge-
samten Kohorte wurde eine Subgruppe von 18 Patienten analysiert. Diese Pati-
enten bekamen zusatzlich eine MRT-Untersuchung zum Vergleich der Ergeb-
nisse. Die Wertigkeit des CEUS im Vergleich zur MRT wurde anhand der berech-
neten Sensitivitat, Spezifitat und positiven und negativen pradiktiven Werte be-
stimmt.

Die Studie zeigte eine Sensitivitat von 100 %, eine Spezifitat von 93 %, einen
positiven pradiktiven Wert von 67 % und einen negativen pradiktiven Wert von
100 %.

In der Studie zeigten 2 der 18 Patienten einen malignitatssuspekten Befund im
CEUS, der durch die MRT-Untersuchung und die Histopathologie bestatigt wer-
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den konnte. Der pathologische Befund ergab die Diagnose eines Adenokarzi-
noms der Gallenblase. In diesen beiden Fallen konnte in der Gallenblase sowohl
im CEUS als auch in der MRT-Untersuchung eine intraluminale Masse nachge-
wiesen werden. Im CEUS zeigte die Gallenblase eine irregulare Kontrastierung
der Wand sowie eine tortudse, verstarkte arterielle Vaskularisation und ein Aus-
waschen des Kontrastmittels innerhalb der Lasion.

In 1 weiteren Fall wurde im CEUS eine maligne Gallenblasenveranderung detek-
tiert. Die MRT-Untersuchung und die histopathologische Aufarbeitung bestatig-
ten die verdachtige Lasion als Infiltration der Gallenblasenwand durch eine ma-
ligne Leberraumforderung. In diesem Fall konnte der CEUS zwischen einer in-
traluminalen Raumforderung der Gallenblase selbst und einer tumordsen Infiltra-
tion durch eine Leberraumforderung differenzieren. Dies ist ein Beispiel fur die
Grenzen des CEUS und dessen Untersucherabhangigkeit.

Eine fokale Hyperplasie der Gallenblase wurde in 2 Fallen im CEUS dargestellt;
die MRT erkannte einen Fall als Muster fur die Adenomyomatose und den ande-
ren Fall wie im CEUS auch als fokale Hyperplasie der Gallenblase. Das Muster
einer Adenomyomatose wurde histopathologisch in beiden Fallen bestatigt.

Daruber hinaus wurden Gallenblasenpolypen durch CEUS dargestellt in 2 Fallen
diagnostiziert und in der MRT bestatigt. Der Verlauf der Falle mit Polypen wurde
kontrolliert, deren GroRe veranderte sich nicht.

In den restlichen 11 Fallen wurde durch CEUS ein Cholezystitismuster darge-
stellt. In allen Fallen konnte dieses auch via MRT nachgewiesen und durch die
Pathologie nach Cholezystektomie bestatigt werden.

Insgesamt Iasst sich bei allen durchgefuhrten Untersuchungen dieser Studie eine
hohe diagnostische Wertigkeit des CEUS feststellen.
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4. Studie ll: Leberlasionen in Schwangeren

Die sonographische Bildgebung der Leber spielt eine sehr wichtige Rolle bei der
Erkennung unklarer Leberlasionen im Rahmen von Vorsorgeuntersuchungen so-
wie bei bekannten Leber- oder Systemerkrankungen (3, 7, 8). Fokale Leberlasi-
onen sind aufgrund ihrer hohen Pravalenz ein sehr haufiger Zufallsbefund (8).

Die Charakterisierung von Leberlasionen erfolgt zuerst per B-Bild-Modus im Rah-
men eines konventionellen Ultraschalls sowie per Farbdoppler. Diese Bildgebung
ist insbesondere bei blanden Leberzysten, klassischen Hamangiomen und typi-
schen fokalen Hyperplasien mit begleitender passender Anamnese in den meis-
ten Fallen ausreichend (8). Nicht alle Leberlasionen konnen jedoch sicher cha-
rakterisiert und von einer malignen Entitat unterschieden werden (7, 8).

Die Verwendung des CEUS als erganzende bildgebende Methode erlaubt die
Erkennung und Evaluation von unterschiedlichen charakteristischen Anreiche-
rungsmustern bei fokalen Leberlasionen in allen vaskularen Phasen gemaf meh-
reren Leitlinien (3, 4, 7, 8).

Ein wichtiges Merkmal malignitatssupekter Leberlasionen nach Kontrastmittel-
gabe ist das sogenannte ,washout” (7). Dieses Merkmal bezeichnet das Auswa-
schen von Kontrastmittel (Englisch washout) einer Leberlasion im Vergleich zum
umgebenden Leberparenchym. In den meisten Fallen kann das washout wah-
rend der portalvendsen und spaten Phasen beobachtet werden, gelegentlich
auch wahrend der Spatphase (7).

In der zweiten Studie wurden 6 schwangere Frauen mit zufallig entdeckten foka-
len Leberveranderungen untersucht. Diese Untersuchungen wurden zwischen
2005 und 2014 durchgefuhrt. Die Ergebnisse der CEUS-Untersuchung wurden
mit einer MRT als Referenzstandard verglichen.

Alle Patientinnen hatten fokale Leberveranderungen, die bei der ersten sonogra-
phischen Untersuchung ohne Kontrastmittel nicht weiter charakterisiert worden
waren. Die CEUS-Untersuchung konnte in der Gruppe der 6 Patientinnen bei 4
eine benigne fokale Leberlasion darstellen, wovon 1 Patientin eine Echinokok-
kose der Leber hatte, und die 2 anderen Untersuchungen ergaben eine maligne
fokale Leberlasion, aber ohne nachweislich schadliche Auswirkungen auf den
Fotus.

Bei den Untersuchungen, die eine gutartige Leberlasion diagnostizierten, wurde
das Therapiemanagement wahrend der Schwangerschaft wie ublich fortgefuhrt.
Bei den Untersuchungen mit Malignomen (2 Falle) fuhrte die Diagnose zu einer
grundlegenden Anderung des Patientinnenmanagements.
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Eine Echinokokkose als Leberlasion bedarf bei Schwangeren bis zur Geburt kei-
ner Behandlung; deshalb wurde die Geburt in diesem Fall wie gewohnlich fortge-
fuhrt. Die richtige Therapie fur die Echinokokkose wurde nach der Entbindung
veranlasst.

Die Patientinnen erhielten eine MRT-Untersuchung ohne Kontrastverstarkung
anstatt einer CT-Untersuchung wegen der Strahlenbelastung.

Obwohl die sonographische Kontrastmittelgabe in der Schwangerschaft bisher
nicht klinisch zugelassen ist, zeigte diese Studie, dass die intravaskulare Gabe
von Ultraschallkontrastmitteln keine Gefahr fur die Schwangere oder das unge-
borene Kind darstellt. Somit kann mit diesem Verfahren die Verwendung von an-
deren bildgebenden Methoden mit einer moglichen schadlichen Wirkung auf das
ungeborene Kind vermieden werden.
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5. Zusammenfassung

Die beiden Studien sollten die Wertigkeit des CEUS bei der Beurteilung der phy-
siologischen und pathologischen Perfusion von Organen nachweisen. CEUS
kann zusatzliche relevante diagnostische Informationen darstellen und dient so-
mit als wichtige komplementare Alternative zu den bereits etablierten radiologi-
schen Verfahren.

Im besonderen Fokus stand die Anwendung des CEUS im Bereich der Ober-
bauchorgane sowie wahrend der Schwangerschaft.

CEUS st eine kostengunstige Technik fur die Charakterisierung von Verande-
rungen der Gallenblase sowie bei fokalen Leberlasionen und wird sowohl bei Er-
wachsenen als auch bei padiatrischen Patienten verwendet. Zusatzlich zeigte die
zweite Studie die Moglichkeit, CEUS wahrend der Schwangerschaft einzusetzen.
Die vorgestellten Studien und Ergebnisse beweisen die vorhandenen klinischen
Moglichkeiten von CEUS in der Detektion und Klassifikation von Perfusionscha-
rakteristika einer Lasion und der Etablierung von neuen Behandlungsansatzen.
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6. Abstract

The two studies were designed to demonstrate the value of CEUS in assessing
the physiological and pathological perfusion of organs. CEUS can present addi-
tional relevant diagnostic information and thus serves as an important comple-
mentary alternative to the already established radiological procedures.

Special focus was placed on the application of CEUS in the area of the upper
abdominal organs as well as during pregnancy.

CEUS is a cost-effective technique for characterising changes in the gallbladder
as well as in focal liver lesions and is used in both adult and paediatric patients.
In addition, the second study showed the possibility of using CEUS during preg-
nancy. The studies and results presented demonstrate the clinical potential of
CEUS in the detection and classification of perfusion characteristics of a target
lesion and the establishment of new treatment approaches.
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Abstract.

BACKGROUND: Conventional ultrasound and MRI are very important techniques for the detection of gallbladder alter-
ations. In the past years, studies showed that the additional use of contrast media to the conventional ultrasound allows
the early depiction of pathological microvessels and their flow elucidating suspect findings stipulating the prompt therapy
approach.

OBJECTIVE: The study aims to evaluate the performance of CEUS in gallbladder diseases and compare it to MR imaging
using histopathological findings as a gold standard.

MATERIAL AND METHODS: The retrospective mono-center study analysed 18 patients with gallbladder alterations
between 2009 and 2017. All patients underwent CEUS and MRI'examinations and all results were confirmed in the pathology.
CEUS images were performed and interpreted by a single experienced physician.

RESULTS: CEUS imaging results compared to MRimaging of the gallbladder demonstrated a sensitivity of 100%, specificity
of 93%, a positive predictive value of 67% and a negative predictive value of 100%.

CONCLUSION: CEUS enables the depiction and characterization of important vascularization’s patterns facilitating the
early differentiation between malignant and benign findings. In this study, CEUS displayed a better diagnostic accuracy than
MRI proving to be a valuable additional tool-to the established imaging modalities.

Keywords: CEUS, gallbladder alterations, MRI, histopathological findings, adenocarcinoma

1. Introduction

Ultrasound (US) is a very important tool in the early diagnosis of gallbladder carcinoma for the
prompt therapy management [1]. The real-time conventional ultrasonography has an excellent spatial
and temporal resolution enabling the detection of pathological alterations of the gallbladder. Moreover,
this method is easy to perform, has no radiation and is cost-effective. However, in some cases, it is
insufficient in clarifying suspicious US findings. Therefore, the application of a contrast agent has been
used as an additional tool.

The contrast-enhanced ultrasound (CEUS) has been widely used in the last years as an established
method for the assessment of suspicious lesions in organs such as kidney [2, 3], liver [4-8] and pancreas
[9]. CEUS has been also used for displaying vascular pathologies such as flow velocity, aneurysms,
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leaks, critical stenosis or even dissections in small vessels [10, 11]. Different than the liver perfusion
with a 3-phase vascularization [4], CEUS can demonstrate the vascularization pattern of the gallbladder
during 2 phases: arterial (1020 seconds postinjection); and late phase (31-180 seconds after contrast
agent injection) because the blood supply of the gallbladder is provided entirely by the cystic artery
and not by branches of the portal vein [12-16]. These two phases allow the vasculature depiction
and characterization of suspicious masses, polyps and inflammatory reactions. However, as well as
the conventional ultrasound, obese patients, patients with meteorism or noncompliant patients can
decrease the validity of the examination.

The magnetic resonance imaging (MRI) is a very used technique that can assist the diagnosis of
gallbladder diseases just like conventional US and CEUS. However, MRI cannot always be performed
because of contraindications such heart pacemaker, metallic foreign body (metal sliver) and kidney
impairment.

CEUS on the other hand, it is a safe tool because the contrast media applied has no renal or cardiac
toxicity and can be performed in patients with renal and thyroid glands dysfunction [17, 18] as it does
not contain iodine. Additionally, studies revealed the severe allergic responses are very rare - 1 in
10.000 cases [18, 19]. However, it is a foreign material and can'produce a hypersensitivity reaction
when recognized as so by the immune system [13, 14]. In large scale studies with CEUS, the reaction
of hypersensitivity was reported with an incidence of ca. 0.002% [18, 19], reported as less than an
examination with the use of an iodine contrast agent in computerized tomography (CT) and similar than
the contrast agent used in MRI (gadolinium chelate). As any other contrast agent, SonoVue has also
some contraindications such as: clinically unstable ischemic cardiac disease or recent acute coronary
syndrome, severe pulmonary hypertension, right-to-left shunts, uncontrolled systemic hypertension
and adult respiratory distress syndrome.

This retrospective mono-center analysis study aims to evaluate gallbladder diseases on CEUS and
compare it with MRI.

2. Materials and methods

This study analysis was approved by the local institutional ethical committee of the institutional
review board (IRB). Additionally, all authors respected the ethical guidelines for publication in Clinical
Hemorheology and Microcirculation.

A total of 202 patients between 2009 and 2017 with gallbladder alterations were referred for CEUS
examinations in our department after conventional ultrasound. Out of 202 patients, a subgroup of 18
patients underwent additional MRI examinations for diagnosis comparison. This retrospective study
analysed 18 patients with CEUS and MRI examinations. CT was additionally performed in 3 patients.
Out of 18 patients, 11 (61 %) were male and 7 (39%) were female. Mean age of patients was 59 years
old (SD =+ 19 years old), ranging in age from 25 to 89 years.

All results were histopathologic confirmed. In this study all CEUS examinations were included due
to the excellent imaging quality acquired. Histopathologic analysis of a specimen as well as MRI
were performed according to the valid techniques, protocols and classifications at the time of the
examination. All 18 patients signed an oral and a written informed consent prior to each CEUS and
MRI examination.

This study used several ultrasound systems (Siemens Acuson Sequoia and Siemens S2000, EPIQ 7,
Philips Ultrasound), all high-end systems with CEUS specific protocols. Siemens ultrasound systems
provided C4-1 and C6-1 HD probes for the examinations and Philips ultrasound system provided C9-2
probe. Each high-end ultrasound system was configured with a low mechanical index (always <0.2)
in order to circumvent early destruction of microbubbles.
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Fig. 1. Native B-mode ultrasound of a male patient demonstrating an intraluminal mainly echogenic mass formation with
irregularly shaped borders (yellow arrows).

Fig. 2. Same patient as in Fig. 1. Color Doppler shows the mass hypervascularization (yellow arrow) and the hypervascular-
ization of the gallbladder wall (light blue arrows).

Fasting of at least 6 h prior each examination was necessary for a better interpretation of the gallblad-
der. A baseline greyscale US examination of the gallbladder and the adjacent liver was performed at
first. Then, after the conventional evaluation of the gallbladder, a second-generation blood pool agent
(SonoVue®, Bracco, Milan, Italy) was applied. The second-generation blood pool agent consists of
phospholipid-stabilized shell microbubbles filled with sulfur hexafluoride gas. SonoVue® was admin-
istered as a bolus injection with an individual dose of 1.5 to 2.4 mL through a 20-gauge cannula placed
in the antecubital vein. A flush-injection of 5-10 ml saline solution was followed. Normally, a single
dose of contrast media was sufficient.

Cine loops of the study obtained were archived in the picture archiving and communication system
(PACS) of our institution. Mean study time ranged between 3—5 minutes. During these 18 examinations,
no adverse reactions were observed.

A single proficient radiologist with more than fifteen years’ experience in conventional sonography
and experience with CEUS since 2003 performed and interpreted all baseline B-mode US and CEUS
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Fig. 3. Same patient as in Figs. 1 and 2. CEUS shows an arterial hyperenhancement of the suspicious intraluminal mass of
the gallbladder.

Fig. 4. Same patient as in Figs. 1-3. CEUS demonstrates a pathological wash-out of the intraluminal mass in the venous
phase (yellow arrows). The diagnosis was histopathologically confirmed as adenocarcinoma of the gallbladder after chole-
cystectomy.

studies. Senior radiologist that performed and interpreted all ultrasound examinations was blinded
to MRI and pathology results. MRI examinations were also read by senior radiologists, with similar
experience to the CEUS radiologist. All examinations were performed in a high-field-strength (1.5
Tesla) with phased array coils for signal reception. Despite protocol deviations, all patients received a
routine clinical imaging protocol of the gallbladder with sequences before and after administration of
contrast agent.



7 Paper |

23

G. Negrao de Figueiredo et al. / Performance of CEUS compared to MRI in the diagnostic of gallbladder diseases 5

NTHI General
Send=0dB| MI=19

80dB S1/+1/3/3
Vi 8dB

erst= a=2

Fig. 5. Native B-mode ultrasound of a female patient demonstrating an intraluminal echogenic oval shaped mass formation
adjacent to the gallbladder wall (yellow arrows).
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Fig. 6. Same patient as in Fig. 5. Color Doppler shows no major hypervascularization of the gallbladder mass (yellow arrow).

For this retrospective analysis, archived images and documentation files of all patients were retrieved
from the PACS of our institution for the evaluation of gallbladder diseases on CEUS and for the
comparison with MRI by testing sensitivity, specificity, positive predictive value (PPV) and negative
predictive value (NPV).

3. Results

CEUS when compared to MRI results and histopathological findings presented a sensitivity of 100%
and specificity of 93%, PPV of 67% and NPV of 100% (Table 1). CEUS and MRI demonstrated 2 cases
of a suspicious malignant gallbladder alteration that were confirmed as adenocarcinoma (Figs. 1-7). In
one case, suspicious malignant patterns of the gallbladder were depicted on CEUS and defined in MRI
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Fig. 7. Same patient as in Figs. 5, 6. CEUS shows an arterial hyperenhancement of the suspicious intraluminal mass of
the gallbladder (yellow arrow). The diagnosis was histopathologically confirmed as adenocarcinoma of the gallbladder after
cholecystectomy.

as a malignant infiltration of a liver tumor, which was confirmed in the histopathology as hepatocellular
carcinoma (HCC).

CEUS was able to depict two cases with a focal benign hyperplasia of the gallbladder wall that
was first suspected and afterwards pathologic confirmed as‘an adenomyomatosis of the gallbladder.
However, MRI results was could only depict one of two adenomyomatosis of the gallbladder.

Moreover, CEUS depicted a gallbladder polyp.in two cases which were also confirmed in the
pathologic results but not sufficient demonstrated.in the MRI. In the other patients CEUS and MRI
displayed a cholecystitis pattern which was acknowledged in the pathology after cholecystectomy.

4. Discussion

When comparing the performance of CEUS and MRI in this study, the analysis showed a higher
diagnostic accuracy of CEUS. Due to the real-time imaging method and the additional contrast media
applied, CEUS displays the vascularization of a target lesion in two different phases (arterial and
venous) increasing the diagnostic confidence. Moreover, the contrast agent administered overcomes
the limitations of greyscale US displaying flow information of microvessels and demonstrating features
such as gallbladder wall destruction or infiltration [20, 21]. The supplementary Color Doppler tool is
not always able to depict vessel slow flow or deeply located vessels being more insensitive than CEUS.

This CEUS advantage allows the differentiation between a normal or a suspicious gallbladder alter-
ation such as hypervascularizated focal or diffuse mass, thickened wall, irregular surface, irregular
contrast enhancement. Additionally, CEUS can distinguish a focal mass from sludge or polyp.

CEUS of gallbladder alterations has already been compared to CT in a previous study with 24
patients presenting a sensitivity of 75% and a specificity of 100.0% [11]. As 3 patients of the previous
study with CT [16] also had an MRI, MRI results were evaluated in this study summing a total 18
patients.

Although this study is a limited study because of the small number (n = 18) of patients with gallblad-
der alterations, the performance of CEUS in the depiction and classification of gallbladder alterations
has already been demonstrated in other studies [22—27]. Moreover, it is important to note that the results
of this study might be biased in favor of CEUS because single proficient radiologist performed and
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Table 1

CEUS, MRI and histopathological results of the study

Case Sex Age CEUS CEUS MRI diagnosis Histopathology
malignant benign
characteristics ~ characteristics

1 Male 89 yes no adenocarcinoma adenocarcinoma

2 Male 76 no yes sign of cholecystitis cholecystitis
cholecystitis

3 Male 79 no yes sign of cholecystitis cholecystitis
cholecystitis

4 Male 28 no yes sign of cholecystitis cholecystitis
cholecystitis

5 Female 77 no yes sign of cholecystitis cholecystitis
cholecystitis

6 Male 40 no yes sign of cholecystitis cholecystitis
cholecystitis

7 Male 76 no yes sign of cholecystitis cholecystitis
cholecystitis

8 Male 25 no yes sign of cholecystitis cholecystitis
cholecystitis

9 Female 59 no yes polyp polyp possible polyp

10 Female 45 no yes polyp polyp possible polyp

11 Male 62 yes no infiltration of a liver Tumor ~ HCC with Infiltration

of the gallbladder

12 Male 61 no yes sign of cholecystitis cholecystitis
cholecystitis

13 Female 56 no yes focal gallbladder focal gallbladder hyperplasia ~adenomyomatosis
hyperplasia

14 Male 79 no yes sign of cholecystitis cholecystitis
cholecystitis

15 Female 43 no yes focal gallbladder adenomyomatosis adenomyomatosis
hyperplasia

16 Female 52 yes no adenocarcinoma adenocarcinoma

17 Male 72 no yes sign of cholecystitis cholecystitis
cholecystitis

18 Female 53 no yes sign of cholecystitis cholecystitis
cholecystitis

interpreted all the examinations. However, there is no other alternative for the recruitment of patients
with gallbladder alterations in the routine. Furthermore, interpretation of exams requires a senior radi-
ologist with long term expertise as this field is very limited, with no available other physicians inside
our department.

This study was able to show that CEUS when compared to MRI demonstrated a higher diagnostic
performance. Both methods (CEUS and MRI) were able to depict a suspicious malignant mass in
the gallbladder with features of malignancy such as irregular surface, tortuous arterial enhancement
[22-24] and its early washout, which is alone not a specific criterion for malignancy as already proved
in previous studies [18-20]. Additional features such as disrupted wall, tortuous-type vascularity and
patient age have also to be cogitated as criteria for malignancy [22-24]. However, results might differ
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depending on the physician that performs the CEUS examination, the size of the alterations and not
specific malignant features [22, 23].

After cholecystectomy, histopathologically results confirmed the imaging results by reporting the
suspicious tumor as an adenocarcinoma of the gallbladder (Figs. 1-7). As the prognosis for gallbladder
carcinoma has a low overall prevalence [24], its early recognition is essential.

In one case, CEUS and MRI also demonstrated suspicious features of malignancy such as tortuous-
type vascularity, disrupted wall and arterial enhancement and pathological results clarified the
alterations as an infiltration of a malignant liver tumor. In this case, MRI was able to show the liver
mass and its infiltration.

Adenomyomatosis is a benign alteration of the gallbladder that is described a thickened gallbladder
wall with small avascular cystic spaces. CEUS is normally performed when this pathelogy cannot be
clarified in the native B-mode US. MRI should be performed if CEUS still have unclear results. CEUS
displays the adenomyomatosis pattern as a focal, segmental, or diffuse hyperplasia of the gallbladder
wall with anechoic cysts. As the cysts are avascular and sometimes bile-filled, CEUS shows in the
arterial phase a “moth-eaten” enhancement of the gallbladder wall, simultaneously to the parenchyma
enhancement of the liver [25]. MRI, missed one case of adenomyomatosis in this study because the
signal intensity of the avascular cystic spaces varies widely depending on their content despite its
extremely high sensitivity. Normally, the intramural cystic spaces are hypointense on T1-weighted
images, hyperintense on T2-weighted images and nonenhancing [26, 27]. In some cases, intraluminal
calculi appear differently, they show signal voids due to their mineral content [26, 27].

Cholecystitis and its inflammatory pattern were depicted on CEUS and in MR without any difficulties.
The inflammatory pattern of the gallbladder wall on CEUS consists of a homogeneous, fast, and intense
enhancement of the thickened gallbladder in the arterial phase.

Finally, itis also important to emphasize that patients with contraindications to other cross-sectional
modalities such as MRI benefit from CEUS because it is a safe technique as it has no radiation and the
contrast media used has no renal, thyroid or cardiac toxicity [17-19].

5. Conclusion

Ultrasound is the imaging modality of choice for the conventional evaluation of gallbladder alter-
ations. The additional use of a contrast agent in US enables the depiction and characterization of
important patterns of vascularization that allows the early differentiation between malignant and benign
findings accelerating the recommended therapy management.

In this study, CEUS:displayed a better feasibility and diagnostic accuracy than MRI proving to be a
valuable additional tool to the established imaging modalities.
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ABSTRACT

Background Ultrasound is an essential imaging tool for eval-
uating physiological and pathological fetal or maternal condi-
tions during pregnancy. Published data is limited with respect
to the application of CEUS during pregnancy. CEUS has al-
ready been safely applied for assessing uteroplacental blood
flow, cesarean scar pregnancy and invasive placenta percreta.
CT and MRI scans during pregnancy must be thoroughly eval-
uated due to harmful ionizing radiation and cerebral gadoli-
nium deposition, respectively.

Purpose The aim of the present retrospective single-center
study is to assess the diagnostic performance and safety of
CEUS during pregnancy to evaluate hepatic lesions of un-
known entity.

*

Co-Letztautorenschaft.

Schwarze V et al. Single-Center Study: Evaluating... Ultraschall in Med

Methods 6 pregnant patients who underwent CEUS between
2005 and 2014 (mean age: 32 years; mean weeks of pregnan-
cy: 28 weeks) were included in this study. The applied
contrast agent was a second-generation blood-pool agent
(SonoVue®, Bracco, Milan, Italy). CEUS examinations were
performed and interpreted by a single radiologist with experi-
ence since 2000 (EFSUMB Level 3).

Results CEUS was safely performed on all included pregnant
women without the occurrence of adverse fetal or maternal
events. In the context of the present study, CEUS helped to
safely differentiate hepatic metastases, focal nodular hyper-
plasia, atypical hemangioma, hepatic arteriovenous malfor-
mation and cystic echinococcosis. In two patients CEUS deter-
mined immediate therapy.

Conclusion Although not clinically approved in obstetrics so
far, CEUS is a safe imaging modality which, in addition to B-
mode and color Doppler ultrasonography, may be applied
during pregnancy for further medical indications and to pro-
vide helpful information.

ZUSAMMENFASSUNG

Hintergrund Ultraschall ist ein unentbehrliches bildge-
bendes Verfahren, um den physiologischen und pathologi-
schen Zustand bei Mutter und Fotus in der Schwangerschaft
zu beurteilen. Die Publikationen beziiglich des Einsatzes von
CEUS in der Schwangerschaft sind begrenzt. Eine sichere An-
wendung von CEUS erfolgte bereits, um den uteroplazentaren
Blutfluss, die ,Cesearen Scar Pregnancy* und die invasive
Plazenta percreta zu beurteilen. CT- und MRT-Aufnahmen in
der Schwangerschaft missen aufgrund der schadlichen
ionisierenden Strahlung und wegen der Anreicherung von
Gadolinium im Gehirn sorgfiltig abgeschatzt werden.

Ziel Ziel dieser retrospektiven Single-Center-Studie ist die Be-
wertung der diagnostischen Leistung und Sicherheit von CEUS
in der Schwangerschaft im Hinblick auf die Beurteilung von
Leberldsionen unbekannter Entitdt.

Methoden In diese Studie wurden 6 Schwangere (Durch-
schnittsalter: 32 Jahre; mittlere SSW: 28 Wochen), bei denen
von 2005 bis 2014 CEUS durchgefiihrt wurde, eingeschlossen.
Das verabreichte Kontrastmittel war ein Blutpool-Kontrastmit-

Downloaded by: Universitatsbibliothek. Copyrighted material.
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tel der zweiten Generation (SonoVue®, Bracco, Mailand, Ita-
lien). Die CEUS-Untersuchungen wurden von einem seit dem
Jahr 2000 erfahrenen Radiologen (EFSUMB Level 3) durchge-
fiihrt und interpretiert.

Ergebnisse CEUS wurde bei allen schwangeren Frauen sicher
durchgefiihrt, ohne dass unerwiinschte fetale oder maternale
Nebenwirkungen auftraten. Im Rahmen der vorliegenden
Studie diente CEUS der sicheren Differenzierung von Leber-
metastasen, fokaler noduldrer Hyperplasie, atypischem Ha-

mangiom, arteriovendser Malformation und zystischer Echi-
nokokkose. Bei 2 Patientinnen bewirkte CEUS eine sofortige
Therapie.

Schlussfolgerung Obwohl CEUS in der Geburtshilfe bisher
nicht klinisch zugelassen ist, handelt es sich um eine sichere
Bildgebungsmethode, die in der Schwangerschaft bei weite-
ren medizinischen Indikationen zusatzlich zur nativen
B-Mode Sonographie und Farbdoppler-Sonographie niitzliche
Informationen liefern kann.

Introduction

Ultrasound is without doubt the most frequently used diagnostic
tool in obstetrics. The American College of Obstetricians and Gy-
necologists (ACOG) states advantages of obstetrical ultrasound
within the framework of its published guidelines: specification of
gestational age, number of fetuses, fetal viability, fetal malforma-
tions, location of the placenta, fetal growth retardation [1, 2].

Sonographic examination is safe for the fetus provided that
there is a critical medical indication and the safety instructions
are followed. In line with the ALARA principle (as low as reasonably
achievable), the insonation settings and time should be kept as
low as possible. No correlation between obstetrical ultrasound
reduced birthweight, childhood neoplasms and neurological
disorders could be registered [3].

To date, there is no official approval of contrast-enhanced
ultrasound during pregnancy, e.g. by the World Federation for
Ultrasound in Medicine and Biology (WFUMB), the European
Federation of Societies for Ultrasound in Medicine and Biology
(EFSUMB) [4] or the International Society of Ultrasound in Obste-
trics & Gynecology (ISUOG). Published data on CEUS during
pregnancy is sparse. So far, the safe use of CEUS for assessing
uteroplacental blood flow, cesarean scar pregnancy and invasive
placenta percreta has already been reported [5-7]. The intention
of the present retrospective study is to evaluate the diagnostic
performance and safety of CEUS in pregnant patients with un-
known hepatic lesions.

Materials and Methods

This retrospective single-center study was approved by the local
institutional ethics committee of the institutional review board
and all contributing authors followed the ethical guidelines for
publication in Ultraschall in der Medizin. All study data were gath-
ered according to the principles expressed in the Declaration of
Helsinki/Edinburgh 2002. Oral and written informed consent of
all pregnant patients was given at least 24 hours before elective
CEUS examination and the associated risks and potential compli-
cations including not yet described adverse fetal effects were
carefully described. All CEUS examinations were performed and
analyzed by a single skilled radiologist with experience since
2000. All included patients underwent native B-mode, color Dop-
pler and CEUS scans. Up-to-date high-end ultrasound systems
with adequate CEUS protocols were utilized (GE Healthcare LOGIQ

L9, Chicago, lllinois, USA; Siemens Ultrasound Sequoia, ACUSON
Sequoia, Mountain View, California, USA; Philips Ultrasound iU22,
EPIQ 7, Seattle, Washington, USA). A low mechanical index was
used to avoid early destruction of microbubbles (<0.2). Native B-
mode examination to assess fetal status was performed and docu-
mented before CEUS. For all CEUS examinations, the second-gen-
eration blood pool contrast agent SonoVue® (Bracco, Milan, Italy)
was used [8]. 1.5-2.4 ml of SonoVue® were applied. It is a purely
intravascular contrast agent that does not diffuse into the intersti-
tial space, thus allowing for dynamic assessment of microcircula-
tion. After the contrast agent was applied, a bolus of 5-10 ml ster-
ile 0.9 % sodium chloride solution was given. No adverse side
effects (maternal and fetal) upon administration of SonoVue®
were registered. All CEUS examinations were successfully per-
formed and image quality was sufficient in every case. The patient
files and imaging records were collected from the archiving sys-
tem of our institution.

A total of 6 pregnant patients who underwent CEUS between
2005-2014 were included in this retrospective single-center study.
The mean age of the patients at the time of CEUS examination was
32 years (range: 25-34 years). The mean gestational age at the
time CEUS was performed was 28 weeks (range: 12-35 weeks).

Results

CEUS examinations were performed on all 6 included patients
(average age: 32 years, average weeks of pregnancy: 28 weeks)
without occurrence of any adverse effects (maternal and fetal).
In every patient a volume of 1.5-2.4 ml of SonoVue® was applied
intravenously. The image quality was sufficient in all cases
(> Table1).

A 25-year old female at 24 gestational weeks (pat. #1) present-
ed with rectal bleeding and unknown hepatic lesions. Native B-
mode revealed a hyperechoic lesion measuring 4.2 cm in liver seg-
ment VI (> Fig. 1a) and a hyperechoic lesion measuring 1.0 cm in
liver segment VIII (not shown) without detection of hypervascu-
larization in Doppler mode (> Fig. 1b). After i. v. application of So-
noVue®, rapid contrast uptake of both lesions in the arterial phase
was registered with subsequent washout in the delayed venous
phase (> Fig.1c). A corresponding MRI scan of the liver showed
T1-hypointense and T2-hyperintense hepatic lesions, strengthen-
ing the suspicion of malignancy (not shown). The MRI scan
revealed an underlying circumferentially stenosing tumor of the
rectosigmoidal area (> Fig. 1d, e). The morphological findings
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» Table 1 Morphological appearance of hepatic lesions on CEUS and MRI in six pregnant women; y = years; w = weeks.

Pat. Age Pregnancy Disease/condition
(y) (w)

#1 25 24 Hepatic metastases,
rectal cancer

#2 35 19 Hepatic atypical
hemangioma

#3 33 15 Focal nodular hyperpla-
sia (FNH)

#4 34 12 Hepatic cystic echino-
coccosis [9]

#5 34 33 Hepatic arteriovenous
malformation

#6 29 35 Hepatic metastases;

acinus cell carcinoma of
the pancreas

CEUS

Hepatic lesions (SVI,VIII): B-mode: hy-
perechoic;

Doppler: no hypervascularization;
CEUS: contrast-enhancing, washout

B-mode: hyperechoic;

Doppler: hypervascularization;
CEUS: rapid contrast uptake, center
non-enhancing;

B-mode: Hepatic hyperechoic lesions;
Doppler: hypervascularization;
CEUS: central-to-peripheral contrast
enhancement

B-mode: hepatic hypoechoic lesion;
Doppler: no hypervascularization;
CEUS: no contrast enhancement

B-mode: anechoic intrahepatic lesion;
Doppler: hypervascularization
CEUS: rapid contrast uptake

B-mode: multiple hyperechoic intra-
hepatic lesions;

Doppler: no hypervascularization
CEUS: rapid contrast enhancement;
washout

Hepatic lesions: T1-hypointense,
T2-hyperintense

Hepatic mass: predominantly
T2-hyperintense

Hepatic lesions in SII/Ill and V:
T1-hypointense; T2-hyperintense

Hepatic lesion in SI/Il predominantly
T2-hyperintense, with T2-hypointense
membranous material

T2-hyperintense MRI correlate

Disseminated hepatic lesions:
T1-hypointense; T2-hyperintense; mar-
ginal contrast enhancement; washout

from CEUS and MRI were compatible with histopathologically con-
firmed hepatic metastases of rectal cancer. Cesarean section was
performed at 32 gestational weeks.

A 35-year old pregnant woman at 19 gestational weeks (pat.
#2) presented with an externally registered unknown hepatic
mass in the right lobe. Native B-mode showed a 9x 6 cm lobula-
ted hyperechoic mass in the right liver lobe (> Fig. 2a) with hyper-
vascularization in Doppler mode (> Fig.2b). CEUS revealed rapid
nodular contrast uptake in the periphery with partial non-enhanc-
ing areas in the arterial phase without washout in the delayed
phase (» Fig. 2c-e). Focal nodular hyperplasia (FNH) and atypical
hemangioma were possible differential diagnoses. The cor-
responding MRI revealed a lobulated inhomogeneous mass meas-
uring 8.5% 6.5 cm and affecting liver segments V-VIIl with expan-
sive growth, predominantly T2-hyperintense (> Fig. 2f, g). Four
months later, progressive intralesional hemorrhages were regis-
tered and prompted an immediate cesarean section at 35 weeks
of pregnancy. Two days later the patient underwent a right hemi-
hepatectomy. Histopathology revealed underlying atypical
hemangioma.

A pregnant woman 33 years of age and at 15 gestational weeks
(pat. #3) complained of recurrent pain within the right upper
quadrant. A 2.5x%2.7 x 1.8 cm hyperechoic lesion in liver seg-
ments |I/lll (not shown) and a 2.8 x2.9 cm hyperechoic lesion in
liver segment V were registered in native B-mode (> Fig. 3a).
Both lesions showed hypervascularization in Doppler mode
(» Fig.3b). CEUS revealed central-to-peripheral contrast en-
hancement with no washout in the delayed phase (> Fig. 3c-e).
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The corresponding MRI scan revealed T1-hypointense and slightly
T2-hyperintense correlates of the hepatic lesions (> Fig. 3f, g).
The morphological appearance was consistent with FNH.

A 34-year-old woman presented at 12 gestational weeks
(pat. #4) with an unknown liver mass. Native B-mode revealed an
intrahepatic hypoechoic lesion measuring 6.4 x 5.5 cm without
hypervascularization in Doppler mode. No contrast enhancement
of the intrahepatic lesion was registered during CEUS. Cor-
responding MRI showed a 6.4 x5.7 cm lesion in liver segment 2,
predominantly T2-hyperintense with T2-hypointense memb-
ranous material. The morphological results in combination with
positive serological testing led to the diagnosis of cystic echino-
coccosis [9]. After delivery of the healthy child, the patient under-
went atypical resection of liver segments I/Il. Histopathologically,
no vital echinococcal material was found.

Native B-mode ultrasound of a 34-year-old woman at 33 weeks
of gestation (pat. #5) showed an anechoic lesion adjacent to a
branch of the right hepatic artery (» Fig.4a) which showed hyper-
vascularization in Doppler mode (> Fig.4b). CEUS confirmed ra-
pid contrast uptake of the lesion (> Fig.4c). The corresponding
MRI scan confirmed hepatic arteriovenous malformation.
> Fig. 4d depicts the T2-hyperintense MRI correlate measuring
3.0cm.

A 29-year-old woman at 35 weeks of gestation (pat. #6) com-
plained of fatigue, nausea, loss of weight and pain in the upper
abdomen during the last weeks which prompted sonographical
examination. In native B-mode multiple hyperechoic intrahepatic
lesions without any hypervascularization in Doppler mode were
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> Fig. 1 Hepatic metastases by rectal carcinoma, 24 weeks of pregnancy. a Hyperechoic lesions in liver segment VI (4.2 cm) in native B-mode. b No
hypervascularization in Doppler mode. c Rapid contrast enhancement in the arterial phase and washout in the delayed phase in CEUS, left and right
respectively. d Circumferentially stenosing T2-hypointense tumor of the rectosigmoidal region, T2 axial. e Circumferentially stenosing T2-hypoin-

tense tumor of the rectosigmoidal region, T2 sagittal.

» Fig. 2 Hepatic atypical hemangioma, 19 weeks of pregnancy. a Hyperechoic 9 x 6 cm lobulated mass in the right liver lobe in native B-mode.

b Hypervascularization in Doppler mode. ¢, d Rapid peripheral contrast enhancement with partial non-enhancing areas in the arterial phase, CEUS.
e No washout in the delayed phase, CEUS. f Predominantly T1-hypointense MRI correlate of the liver lesion involving segments V-VIIl. g Predomi-
nantly T2-hyperintense MRI correlate of the liver lesion involving segments V-VIIl.

registered (not shown). Like in pat. #1, the liver lesions showed
rapid contrast enhancement and washout in the delayed phase.
The corresponding MRI of the liver confirmed the disseminated
metastatic liver with predominantly T1-hypointense and T2-hy-

perintense lesions which showed rapid contrast enhancement
and venous washout. Moreover, a suspicious mass measuring
4.9%2.4%6.7 cmin the uncinate process of the pancreas with ar-
terial hypervascularization and venous washout in the late phase

Schwarze Vet al. Single-Center Study: Evaluating... Ultraschall in Med

Downloaded by: Universitatsbibliothek. Copyrighted material.



8 Paper Il

32

» Fig.3 Focal nodular hyperplasia, 15 weeks of pregnancy. a Hyperechoic 2.8 x 2.9 cm lesion in liver segment V in native B-mode. b Hypervascu-
larization in Doppler mode. ¢, d Central-to-peripheral contrast enhancement, CEUS. e No washout in the delayed phase, CEUS. f T1-hypointense
MRI correlate of the hepatic lesion in segment V. g Slightly T2-hyperintense MRI correlate of the hepatic lesion in segment V.

» Fig.4 Hepatic arteriovenous malformation, 33 weeks of pregnancy. a Anechoic 3.0 cm lesion adjacent to branch of the hepatic artery in native
B-mode (yellow arrows). Incidental hepatic hemangioma was registered (red arrow). b Hypervascularization in Doppler mode. ¢ Rapid contrast
enhancement in CEUS. d T2-hyperintense MRI correlate, coronal reformation.

was registered. Histopathology confirmed hepatic metastasized
acinus cell carcinoma of the pancreas. Spontaneous vaginal deliv-
ery occurred at 35 weeks of pregnancy.

Discussion

Without a doubt the use of ultrasound in obstetrics has become
indispensable during the past decades. Scientific data considering
the application of CEUS during pregnancy is marginal and the de-
ployment of CEUS in obstetrics is still not widespread.

Diagnostic ultrasound has been used for decades in the clinical
setting without reported adverse effects to humans. Neverthe-
less, experimental approaches using in-vitro studies depicted cel-
lular effects due to the exposure to ultrasound waves. The main
potential bioeffects comprise mechanical and thermal effects to
tissue. Hyperthermia is potentially teratogenic and the fetal cen-
tral nervous system is especially susceptible to heat damage [10].
It could be shown that maternal hyperthermia can cause placental
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infarction and lead to miscarriage [11]. Doppler ultrasound has
the biggest potential for inducing thermal effects on tissue [12].
In-vitro studies could show that ultrasound may result in cell lysis,
which can increase when contrast agents are added [13]. In-vivo
the latter effect is limited by the amniotic fluid that surrounds
the fetus. In the case of a febrile condition, Doppler sonography
should be applied cautiously due to the additional thermal effects
on the fetus [14].

In an early study in 2000, contrast-enhanced ultrasound using
Levovist® (SH U 508A) already helped to delineate interfetal trans-
fusion [15]. Moreover, in the diagnostic evaluation of cesarean
scar pregnancies, CEUS performed significantly better than con-
ventional sonography [7].

In an experimental approach using a rat model, CEUS allowed
for noninvasive monitoring of uteroplacental perfusion during
pregnancy [16]. Moreover microbubbles could not be registered
in the umbilical vein or in the fetus upon i.v. application of con-
trast, implying that the microbubbles do not cross the placental
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barrier. By measuring the distribution of the tracer molecules
Evans blue and lanthanum in pregnant Sprague Dawley rats in an
experimental setting, the impact of CEUS on the permeability of
the placental barrier was further assessed. Upon i.v. injection of
the tracer molecules, CEUS was performed. Significantly higher
amounts of Evans blue could be measured in the placenta than in
the fetus and no lanthanum deposition could be registered within
the cytotrophoblast, implying that CEUS does not affect the pla-
cental barrier in that way that macromolecules larger than albu-
min might pass it [17]. These findings are in line with our present
data. Fetal contrast enhancement was not registered in either of
the included patients.

Furthermore, gradually reduced uteroplacental blood flow
could be registered up to 6 days after induced feticide in a
38-year-old woman at 28 weeks of gestation due to complex fetal
malformation and placenta previa using CEUS [5].

In our retrospective single-center study, off-label CEUS helped
to scrutinize and to differentiate benign from malignant hepatic
lesions in six pregnant women. It was critical for the subsequent
therapy in patient #1 (hepatic metastasizing rectal cancer) and
#6 (hepatic metastasizing acinus cell carcinoma of the pancreas).
After neoadjuvant radiochemotherapy with 5-fluorouracil (5-FU),
cesarean section was performed at 32 weeks of pregnancy in pat.
#1. Afterwards the patient underwent right hemihepatectomy
and deep anterior rectal resection. Upon spontaneous vaginal de-
livery of the child, pat. #6 underwent chemotherapy with 5-fluor-
ouracil and oxaliplatin (FOLFOX).

CT scans should be thoroughly thought through during preg-
nancy because of the ionizing radiation and thus potential carci-
nogenic and teratogenic effects on the fetus [18]. CEUS is a safe
imaging method that provides the correct diagnosis without ad-
verse fetal effects. Besides the high diagnostic value, MRI scans
also need a critical medical indication during pregnancy since ga-
dolinium deposition in the globus pallidus and dentate nucleus
were recently described [19, 20]. So far, no clinical effects have
been reported due to the deposition of gadolinium-based con-
trast. The application of gadolinium-based contrast agents
(GBCAs) during pregnancy is a matter of recent debate since its
safe administration has not yet been validated [21]. Upon i.v. ad-
ministration, GBCAs cross the placenta barrier and enter the cir-
culation of the fetus [22]. To date, the possible long-term effects
on the human fetus, including fetal brain tissue, have not been
sufficiently elucidated. Of note, impairment of the interplay
between thyroid hormones and their receptors by GBCAs was
described in an in-vitro approach [23]. Furthermore, cerebral de-
position of GBCAs could be registered during postnatal develop-
ment in a mouse model upon i.v. injection of GBCAs in pregnant
mice. Perinatal treatment of GBCAs was associated with neural
and motoric dysfunction of the offspring [24]. According to the
American College of Radiology (ACR) Committee on Drugs and
Contrast Media, GBCAs should only be applied during pregnancy
when “potential benefits justify the potential unknown risk to the
fetus” [25]. The diagnostic value of CEUS compared to CT/MRI
scans for determining the entity of focal liver lesions has already
been published in several prior clinical trials [29-32].

In juxtaposition, CEUS is a non-ionizing, cost-effective, easily
accessible imaging modality [25-27]. In line with current knowl-

edge, our retrospective study shows that CEUS can be safely ap-
plied in pregnant patients when medically indicated without any
registered adverse fetal or maternal effects. It is a limited series
of patients but represents the largest series to date using CEUS
to evaluate focal liver lesions during pregnancy. Despite the
known unlikeliness of transplacental vascular spread of the micro-
bubbles, the application of CEUS during pregnancy has not be-
come widespread. Contrast uptake of the fetus could not be ob-
served in either case [9]. CEUS might add pivotal diagnostic value
to further medical indications during pregnancy.

Restrictions of the present retrospective single-center study
are its limited number of included patients, different entities of
hepatic lesions and differing ultrasound systems.
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