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Translating cyst architecture into imaging
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Why staging?
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Stojkovic, Gottstein, Junghanss
Manson'‘s Tropical Diseases 2014

Early Rx Late Rx Very late Rx

>5-6 cm <10 cm

-y,

Benzimidazoles (possibly higher efficacy)
Benzimidazoles (possibly lower efficacy)
PAIR

Surgery / (continuous catheter drainage [CE1, CE3a],
large-bore catheter [CE3a, CE3b, CE2])

Watch & wait

Inactive
cysts

CE4



US-based imaging is the key to
* Diagnosis
* Staging-based treatment decision

* Follow-up



Diagnosis of CE .... there are a few tricky DDs!!

- CE1l

' Double wall sign

CE2

Honeycomb appearance
CE3a

water lily sign

CE3b

Swiss cheese appearance
CE4

Ball of wool or canalicular or
cerebroid appearance

CE5

Ball of wool or canalicular or
cerebroid appearance

Images: Heidelberg University Hospital



Non-specific CE1l

Heidelberg University Hospital



Images: Heidelberg University Hospital

Staging of CE

CE1l

Double wall sign

CE2

Honeycomb appearance
CE3a

water lily sign

CE3b

Swiss cheese appearance
CE4

Ball of wool or canalicular or
cerebroid

CE5

Ball of wool or canalicular or
cerebroid appearance



6 months ABZ

9 months 6 months
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Relapsing CE 3b cysts
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What to do when CE cysts are not (well) accessible with US?
e CE-cysts of the abdominal organs in adipose patients
* CE-cysts of the lung

e CE-cysts in other organs






Translating US-based CE cysts cassification into other imaging modalities
e CT

* MRI
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WHO ultrasound-based CE cyst classification
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Scatter plot of the WHO classification-based cyst staging with a level of agreement beyond
chance of the individual CE stages
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Liver
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Budd-Chiari Syndrome
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PAIR

Images: Heidelberg University Hospital



EJR

EUROPEAN JOURKMAL OF RADIOLOGY

European Journal of Radiology 66 (2008) 262-267

www.elsevier.com/locate/ejrad

MR 1maging for diagnosing cysto-biliary fistulas in cystic echinococcosis

Waldemar Hosch®*, Marija Stojkovic”, Thomas Jinisch ¢, Tobias Heye?, Jens Werner ¢,

Helmut Friess ¢, Giinter W. Kauffmann?, Thomas Junghanss "

* Department of Radiology, University Hospital of Heidelberg, Im Neuenheimer Feld 110, 69120 Heidelberg, Germany
b Section of Clinical Tropical Medicine, University Hospital of Heidelberg, Germany
¢ Section of Biostatistics and Epidemiology, University Hospital of Heidelberg, Germany
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Transversal T2 Haste sequence

Hosch W, Stojkovic M, Janisch T, Heye T, Werner J, Friess H, Kauffmann GW, Junghanss T
MR imaging for diagnosing cysto-biliary fistulas in cystic echinococcosis.
Eur J Radiol. 2008 May; 66 (2):262-7.



US imaging: WHO CE 3b cyst with solid content and multiple daughter
cysts along the periphery

MR imaging: T2-w TSE sequence (b) and T2-w RARE sequence (c).
Dilated segmental bile duct with a cysto-biliary fistula

Hosch W, Stojkovic M, Janisch T, Heye T, Werner J, Friess H, Kauffmann GW, Junghanss T
MR imaging for diagnosing cysto-biliary fistulas in cystic echinococcosis.
Eur J Radiol. 2008 May; 66 (2):262-7.
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Other organs
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Infiltrative growth
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Perfusion defect of the right Central pulmonary embolism of the right
hemithorax pulmonary artery

Images: Heidelberg University Hospital
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Differential diagnosis
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NET metastasis
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CE 2 Biliary cystadenoma

Heidelberg University Hospital



CE Reanal cell carcinoma

Heidelberg University Hospital



Image: Heidelberg University Hospital



Simple cyst CE
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Centre-based management of patients with Echinococcosis
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= OBIJECTIVES

= METHODS

= RESULTS

= POINTS THAT NEED CONSENSUS FROM
OTHER GROUPS *

= KEY LITERATURE

= INPUT FOR RESEARCH GAP

OBJECTIVES

= DEFINITION OF CE CASE

= DEFINITION OF CYST STAGES BY ULTRASOUND
= OTHER IMAGING MODALITIES

= DIFFERENTIAL DIAGNOSES




METHODS

= EXPERT CONSENSUS — DELPHI METHOD
= KEY LITERATURE contributed by members and updated by
PubMed search with Boolean operators

= 3 ROUNDS OF DEBATE
- starting from previous IWGE Expert Consensus document
- focus on case definition and US stage definitions

- level of agreement on proposed options

e —T

——q
RESULTS

TECHNICAL MANUAL DRAFT including

Chapter/sections on Imaging diagnosis and staging

ANNEX 1: key reference literature

ANNEX 2: expert discussion and outcome

Controversial issue = Expert opinions = Consensus = Research needed

Supporting iconography on cyst stages and differential diagnoses

16/12/2019
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MAIN DISCUSSION POINTS

ELEMENTS TO BE INCLUDED IN THE CASE DEFINITION
= 7/7 experts AGREED UPON:
- The diagnosis of CE is based on IMAGING
- Serology and epidemiology may provide support to the diagnosis but cannot be
used alone to define a CE case
- Epidemiological factors* alone cannot be used to confirm a CE case when the

lesion has no pathognomonic signs

- * birth/residence/travel in endemic areas; having a personal history of CE
- 1 experts suggested inclusion of “having relatives with CE” but it was discarded

due to dependence upon the relatives living the same area as the suspect case

MAIN DISCUSSION POINTS

IMAGING TECHNIQUES FOR CASE DEFINITION
= HEPATIC LOCALIZATION: 7/7 experts agreed that US alone can achieve the definition
of CE confirmed case
- MRI (T2-w and fat saturated T1-w) preferred over CT
- CT has poor performances and should be used for post-diagnosis steps or when

differential diagnosis can be based on presence of contrast enhancement




1
MAIN DISCUSSION POINTS

IMAGING TECHNIQUES FOR CASE DEFINITION

= EXTRA-HEPATIC LOCALIZATION:
- 3/7 experts supported the use of US alone for confirmed CE diagnosis if
pathognomonic signs are clearly visible
- 3/7 experts supported the definition of SUSPECT any lesion in extra-hepatic
localization and therefore the compulsory need of other tests
- 1/7 experts would condition the definition of confirmed CE to an extra-hepatic

lesion only if hepatic CE was concomitantly present

= CONSENSUS: pathognomonic signs may be used for confirmed CE case definition but
with a cautionary note on localizations where other cystic masses are more frequent

(e.g. kidney, ovary, pancreas)

MAIN DISCUSSION POINTS
INCLUSION OF SEROLOGY IN THE CASE DEFINITION *lab group

= 5/7 experts agreed with pragmatic approach that takes into account that variable
experience exists in recognizing confidently the pathognomonic signs of CE and that
these are not always present

= 2/7 expressed concerns about the inclusion of serology in the case definition

= FINAL CONSENSUS FOR PRIMARY DIAGNOSIS - CE CASE DEFINED AS
- presence of pathognomonic signs OR
- no/unclear pathognomonic signs but pos in 2 screening serology (based on
different antiges) OR at least 1 WB with specific band patterns OR
- microscopy, PCR, ex-juvantibus ABZ
- EXCLUSION if vascularization or after microscopy/PCR exclusion
- SUSPECT no/unclear pathognomonic signs; neg serology (or only 1 non-WB +)

= CAVEATS: new cyst in previous diagnosis, extra-hepatic; CE-AE co-endemic; stages

16/12/2019



MAIN DISCUSSION POINTS
DEFINITIONS OF RECURRENCE AND REACTIVATION (note: no “relapse”)

= OPTION 1: from oncology, recurrence="“coming back” from any previous treatment

= OPTION 2: apply “reactivation” to any CE4—> CE3b and “recurrence” to residual cavity

= CONSENSUS: 7/7 TO THE USE OF OPTION 1 as option 2 would leave an ambiguity when
dealing with post-percutanous lesions

* Throughout the document

RECURRENCE: appearance of an active CE stage in the same location where a treated
cyst was located, independently of the type of previous treatment

REACTIVATION: in spontaneously inactivated CE4 cysts, appearance of daughter
vesicles in the solid matrix, i.e. evolving in a CE3b stage.

NEW CE CYST: appearance of a new CE cyst in a place different from where a CE cyst
was diagnosed before.

SECONDARY ECHINOCOCCOSIS: appearance of one or more echinococcal cysts in
serosal cavities due to spillage of cyst content

MAIN DISCUSSION POINTS

APPROPRIATENESS OF CURRENT WHO-IWGE CLASSIFICATION

= 6/7 experts agreed that the WHO-IWGE classification would require come changes to
avoid confusion especially arising from CE3 = CE3a and CE3b
= CONSENSUS:
- keep using the same classification to avoid too frequent changes
- MAKE DESCRIPTIONS AND DEFINITIONS MORE CLEAR AND STRINGENT
- privilege the staging and viability concepts over “activity” to guide approach

- clear indication the “activity” refers just to the evolutionary condition of the cyst

16/12/2019



MAIN DISCUSSION POINTS

FEATURES DEFINED AS “PATHOGNOMONIC”

= 5/7 experts agreed on the use of “pathognomonic” to define diagnostic features
= 1/7 experts would prefer “diagnostic feature”

= 1/7 experts had no preference

= CONSENSUS: pathognomonic features, with special reference to the hepatic
localization, are described in detailed, including interpretation of (lack of)

vascularization

MAIN DISCUSSION POINTS

CL: to leave it or not to leave it in the document?

= 5/7 experts would have preferred to ELIMINATE CL from the pictorial description of CE
= 1/7 expert suggested to consider CL as CE until proven otherwise in endemic areas

= 6/7 experts agreed that the visualization of a single wall can be a feature also of biliary

cysts and therefore this feature is not enough to characterize a CE1 stage

= CONSENSUS:
- maintain CL in the document (on the basis of avoiding too many changes)
- make more clear that CL = SUSPECT and it is not a CE stage (even in endemic areas)

- indicate only the double wall sign as pathognomonic of CE1

16/12/2019
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1 Serology nat useful for case definition,

therefore case confirmation needs to be

Primary dognosis of CE | g ed on the clear visuaiation of

No features on imaging o

1 responsaio exjuvontibus albendazole o
nalgs of cijgic material

Clear visualization of nomonic signs n imags )
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and using dfe/arantige A Bpre aratios (cifferent than W8) on
J0WTSTHY ce-Alo-enclfpic afbet] on Absence of parasitc materisl upon
] NEGATIVE serology histology/microscomy/PCA of cyst
FONEVERYE wilh -5/ 0CTic banding pattern (W8 negative o not done] samples obtained invasively
| o8
hage in cyst marphology AND/OR 1 1
(ocathwersion from negative to positive after
‘ ‘albendazole intake ex-juvantibus or after Suspect CE
disgnastic percutaneous puncure CE excluded

1) Imaging-based case definition is operator-dependent,

2) Information on immunodiagnostic tests results and on epidemiological setting only provides circumstantial supporting evidence favouring the diagnosis

of CE but cannot be used alone to define a CE case

Extra-hepatic lesions should be considered suspect until proven otherwise when clear-cut pathognomonic signs are not clearly visible, particularily in

organs that are rare locations for CE but common locations for other cystic lesions (e.g. kidney, ovary, pancreas).

4) Serology tests have low sensi y for CE1, CE4 and CES stages and for CE cysts in any stage in extra-hepatic localization.

5) Serology tests highly cross-react with alveolar echinococcosis, therefore specific tests for AE are imperative in CE-AE co-endemic areas to differentiate CE
from AE if imaging does not allow differentiation

3]

ECHINOCOCCAL CYSTS SUSPECT

US image

Particular of

the
pathognomonic
sign -
STAGE CEL CE2 Rl CE3b CEa CES L
VIABILITY Viable Vighle &S Viable or Viable Low viability or Non-viable
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ABDOMINAL ORGANS

Stage | MRI .

CEL | ACELcyst may not be confidently differentiated from simple liver cysts on MRIimages. A CE1 cystis L ce1 Qe i notbe confenty diferentiate rom simple iyeaits on CT images. A
univesicular, well defined, homogenously hyperintense, on heavily T2-weighted images. The cyst contends 1 cyst. peal 33 weltuefined lesion that is homogenaiisly hypodense with a HU
isointense to CSF on T2-weighted images. The cyst is homogeneously hypointense in pre-contractT1-wi thted | Vi ie ranj g between 0-20. A cyst wall may be discernible; | weve . this finding is not
sequences. A cyst wall may be discernible but it presence is not pathognomonic for CE. OF'post-ctatra, T1- | pa|ognogh it for CE. On post-contrast imagil, light enhans giént af the cyst wall may
weighted images, there may be slight enhancement of the cyst wall, be seen. Wall calcifications may be rarely detel,

CE2 | Well-defined multivesicular cyst partially or completely filled with o e daug, er vesicles. Thes! vesicles | The multivesicular contant of CE2 -y iis not relic ly discer| b uith CT. The walls of the
are best visualized on heavily T2-weighted images. On post-corii. +T1-weig tted imal s, thelis no. daughter vesicles 7, e slightly Fyper inse comy. ed.15he fluid content of the cyst. On
enhancement of cyst contents. On post contrast T1-weightec image. ere niay be sligl enharicement of the | post-contrasC | ages, & re is no eaéncei int ofyst contents. There may be slight

eystwall, enhargiment | the cyst all afte! contrastjection. Wall calcfications may be
casitnally f sent.

CE3a | Well-defined univesicular cyst withf letached I ‘hated la, s that is best visualized on heavily T2-weightl Thildetache. aminaf  lsjer may not be reliably detected on CT images. This layer can be

images. The detached lasigis hypc tense compi =d to the (st fluid on T2-weighted images, THES.me 2lghly hype ense-Compared to the fluid content of the cyst. On post-contrast images,
detached layer ossfljonally pear, yperintens¢ ‘ompared to the cyst fluid on T1-weigh#i iimages. The cy, |ty ly the'< Ts no enhancement of the cyst contents. Slight contrast enhancement of the
fluid i Isniasanse tG 5 o/ ieavily 1. weighted Iages. On post-contrast T1-weighted imag,  thel Lis no eyst wall may be. Wallcalcifications may oceasionally be present.

enbagfemen f cyst| it iawhereas SGHT énhancement of the cyst wallsiidy be Ujgacted

CE3b | Well-di pedyst partia, filled with one or more daughter vesisiil that aré isualized bt on H ilu72- T images. The

weightlfrages. Th i Gontert btween daughte ol gerlly appU sl arof varatesgnal ol parts o the st cantent generlly have HU valuesgreate than 20, Within she yst
intensity T2 weighted images. hi esicles! ay be o’ Iy hyp matrix, daug On post-contrast
on T2-weid (&d images compared to liver ny#hchyr bm}‘pmnlch to CSF. | enhance. y

or hypointense compared to the liver parenciyma on elgted ime as, Thére is no enhancement of the cyst | may be present.
contents on post-contrast T~y e imaget whereal, Hight enhancstfient of the cyst wall may be observed.

CE4 | Completely solid-|iBking les i havily variati i ipal intnsity on T2-weighted images. Signal ey on 12 ‘The HU values of the CE4 cysts vary, puare usuall greater than 20 HU. The cyst content
weghtatjaazedhpay range M mokeately ybtense e lver. “canalicular” appearance. Degenerating cyst
parg/ichyma Thi 2 signal i 10, er thal 425 on heavily T2-weighted images. The cyst content mzybe membranesare uscly ypodense compared t the other coe content On post conrast
miJerately heter aneous witl & “caflalicular” appearance. Degenerating cyst membranes may be hypointense | images, within the cyst.

o perintense cor yred toe other cyst content on heavily T2-weighted images. Enhancement is not present | frequently present.
aft. contrast injfction on 11-weighted images.

CES | As calci S6m5hs may ot be reliably detected with MR, this modality may be of imited use for characterizing typical of CES cysts.
CEScysts. However, MRImay beof in adj
aalcification. M idered Ci are not hyps T2-weighted sequences heterogeneous with a “canalicular” texture. On post-contrast images, enhancement of the
compared to the liver parenchyma. In post-contrast T1-weighted images there is no enhancement. cystwallor the cyst content is typically not detected




KEY LITERATURE

INCLUSION

- original research including cohort studies, case-control studies, and cross-sectional studies
- clear description of CE and non-CE case definition

- cyst staging based on ultrasound reported (where relevant for the question)

- follow-up length and loss to follow-up rate reported (where relevant for the question)

- extractable question-relevant data

EXCLUSION
- reviews, case reports, letters to the editor and opinion papers not presenting original data

- absence of data on cyst staging and follow-up details, where relevant for the question

16/12/2019
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KEY LITERATURE

How do CT and MRI perform compared
to US in depicting features diagnostic
for CE stages?

What is the inter and intra-assessor
agreement in CE cyst staging using the
WHO-IWGE classification?

Is there a correspondence between CE
cyst stages and cyst viability, with
special regards to transitional and
inactive stages?

(i) What is the proportion of cysts
classified as CL the nature of which is
parasitic (i.e. CE1)?; (ii) can the sole
visualization of a single cyst wall on
conventional US abdominal imaging
reliably indicate the echinococcal
nature of a CL lesion?

Diagnosis and staging of cystic echinococcosis: how do CT and MRI perform in comparison to ultrasound? PLoS Negl Trop Dis
2012

Differentiation between hepatic cystic echinococcosis types 1 and simple hepatic cysts: A retrospective analysis Medicine
(Baltimore) 2019

The role of diffusion- weighted magnetic resonance imaging in the classification of hepatic hydatid cysts. Eur J Radiol 2013

Is it possible to differentiate between hydatid and simple cysts in the liver by means of diffusion-weighted magnetic
resonance imaging? Clin Imaging 2012

The role of diffusi ig MRIin the
from hydatid cysts Diagn Interv Radiol 2010

of liver hydatid cysts and differentiation of simple cysts and abscesses

Diffusion-Weighted Imaging in the Differential Diagnosis of Simple and Hydatid Cysts of the Liver. Am J Roentgenol 2007

Expert Reliability for the World Health Organization Standardized Ultrasound Cl
med Hyg 2017

of Cystic Echi Am J trop

lic viability of cystic ect is using high-field 1H MRS of cyst contents. NMR Biomed 2008
The role of calcification for staging cystic echinococcosis (CE). Eur Radiol 2007

Long-term sonographic and serological follow-up of inactive echinococcal cysts of the liver: hints for a watch-and-wait
approach. PLoS Negl Trop Dis 2014

Watch and wait approach for inactive echinococcal cysts of the liver: an up-date. Am J Trop Med Hyg 2018

Medical treatment versus "watch and wait" in the clinical management of CE3b echinococcal cysts of the liver. BMC Infectious
Diseases 2014

Watch and wait management of inactive cystic echinococcosis — does the path to inactivity matter — analysis of a prospective
patients cohort. PLoS Negl Trop Dis 2016

The natural history of cystic echinococcosis in untreated and albendazole-treated patients. Acta Trop 2017

Prevalence of abdominal cystic echinococcosis in rural Bulgaria, Romania, and Turkey: a cross-sectional ultrasound-based
population study from the HERACLES project. Lancet Infect Dis 2018.

Sonographic diagnosis of hydatidosis: the sign of the cyst wall. Eur J Ultrasound 2003.

RESEARCH GAPS

Standardization and thorough testing of standardized serology assays for CE

INCLUSION OF SEROLOGY IN CE

CASE DEFINITION
SUGGESTIVE
EPIDEMIOLOGICAL FACTOS

APPROPRIATENESS OF THE
WHO-IWGE CLASSIFICATION

PATHOGNOMINC IMAGING
FEATURES

HOW TO CONSIDER CL

CE CASE IN EXTRA-HEPATIC
LOCALIZATION BASED ON
IMAGING ALONE

Role of serology in the CE diagnosis algorithm; usefulness of (standardized)
serology for clinical decision-making stratified by pre-test probability and cyst stage

Impact of epidemiological history on clinical decision-making

Clear epidemiological risk factors still poorly defined

Further testing of the inter- and intra- observer reliability of the classification on
personnel with different expertise levels

Research on markers of biological viability of cysts independently of the activity
status on ultrasound

Proportion of “CE” diagnosis based on visualization of “pathognomonic” imaging
features alone, confirmed as CE with other modalities (possibly stratified by
experience of the sonographer)

Proportion of CL being CE or not (stratified by organ localization and endemic/non-
endemic area)

Proportion of lesions diagnosed as CE with imaging alone being really CE after
further investigation

RECURRENCE VS REACTIVATION Is there any substantial difference (biological, clinical) in the reactivation of

spontaneously inactivated cysts VS of cysts inactivated/removed after therapy?

16/12/2019
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THANKS FOR YOUR ATTENTION

QUESTIONS?
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