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Presidential Welcome Letter

On behalf of ISSVA, it is my great pleasure to extend a warm welcome to all participants of the
24th Scientific Congress in Madrid.

The ISSVA Scientific Congress serves as a vital platform for fostering collaboration, sharing
knowledge, and exploring innovative solutions to the myriad challenges facing healthcare
providers, researchers, and patient advocacy groups focused on vascular anomalies. As we
convene for this meeting, we acknowledge the remarkable advancements and breakthroughs in
the field of Vascular Anomalies that have revolutionized our understanding of these disorders
and has led to improved therapeutic, patient quality of life and outcomes worldwide. |
encourage all attendees to take full advantage of the myriad opportunities for networking,
learning, and professional development available throughout the conference. By leveraging the
collective expertise and passion of our diverse community of researchers, clinicians, educators,
advocacy groups, and industry partners, we can catalyze positive change and drive meaningful
impact in the lives of our patients. Together, let us seize this moment to forge new connections,
exchange ideas and foster collaborations.

This year’s conference underscores the critical importance of interdisciplinary cooperation and
cutting-edge research in addressing the complex issues we face. Through engaging panel
discussions, thought-provoking presentations, and interactive poster presentations, we aim to
inspire, educate, and empower attendees to push their boundaries of medical knowledge,
curiosity, and practice.

| extend my deepest gratitude to the organizing committee, sponsors, speakers, and volunteers
whose dedication and hard work have made this event possible. Your unwavering support and
commitment to this meeting is truly commendable.

| want to thank the local hosts — Dr. Lopez Gutierrez and his team, the Meetings Committee, the
Scientific Committee, and the EDI Team for the many hours of ZOOM meetings, phone calls,
emails and thoughtful contributions to organizing what we hope will be the most successful
meeting. This would not be possible without the support of our corporate sponsors: Novartis
(Platinum Sponsor), Pierre Fabre (Gold Sponsor), and IGEA Medical and our exhibitors:
Children’s Hospital of Philadelphia, PolyNovo, CMTC & Other Vascular Malformations,
Bundesverband Angiodysplase, and LGD Alliance.

| wish you all a productive, enriching, and memorable experience at the ISSVA Scientific
Congress in Madrid. May your time here be filled with meaningful insights, fruitful

collaborations, and lasting friendships.

Warmly,
Francine Blei
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Introduction to ISSVA

The International Society for the Study of Vascular Anomalies (ISSVA) is a multidisciplinary
international society of physicians, scientists, and health care providers united by an interest in
vascular anomalies. The Society aims to promote the highest standards of care for patients with
vascular anomalies by advancing clinical and scientific knowledge concerning causes, diagnosis
and treatment, and by education of physicians, health care providers, patients and the
community. The Society encourages the free flow of information between its members and
interested groups, through meetings and teaching programs, and by the dissemination of a
classification scheme and pertinent scientific data.

(formerly the Workshop)

The International Society for the Study of Vascular Anomalies (ISSVA) is the formalization of
prior biennial international workshops, which were started in 1976. Over time, the ISSVA
workshops grew to the point of gathering hundreds of international specialists of various
medical disciplines involved in the treatment of patients afflicted with vascular anomalies.
These biennial workshops, which eventually evolved into the World Congress, have fostered
time proven personal contacts, collaboration, and informal exchange of scientific knowledge
concerning vascular anomalies.

Francine Blei, President Dov Goldenberg, Scientific Committee Chair
Leo Schultze Kool, President Elect Gresham Richter, Editor-in-Chief

Tony Penington, Past President Annouk-Anne Bisdorff, Member at Large
Juan-Carlos Lopez-Gutierrez, Vice President Eulalia Baselga, Member at Large

Denise Adams, Secretary Miikka Vikkula, Member at Large

Maria Garzon, Treasurer Michel Wassef, Member at Large

Dov Goldenberg (Chair) lonela lacobas

Eulalia Baselga Juan Carlos Lopez-Gutierrez

Gulraiz Chaudry Thuy Phung

Anne Dompmartin Mikka Vikkula

Shoshana Greenberger June Wu

Juan-Carlos Lopez-Gutierrez Hospital Universitario La Paz - Vascular
Paloma Triana Anomalies Team
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General Information and Hybrid Format

The ISSVA World Congress: The Latest in Vascular Anomalies is ISSVA's biannual Congress,
which is attended by a wide array of specialists including intervention radiologists,
dermatologists, plastic surgeons, ENT surgeons, pediatricians, pediatric surgeons, oncologists
and pathologists, presents the latest developments in this fast-moving area.

For in-person attendees, detailed information about travel to Madrid, Spain, and other
important information is available on the ISSVA Travel Web Page.

Entry into Spain

The Spanish Government requires that all international visitors carry a valid passport to enter
Spain. In addition to your passport, you may also require a visa. Advance travel planning and
early visa application are important and up to you.

Madrid, Spain

Madrid, Spain’s capital city and has much to see and explore! It is famous for its vibrant art
culture (visual and music), unique architecture, amazing food, history, its famous football club,
and so much more! Find out everything you’ll need to know about Madrid from its official
tourism website.

Time Zone
Madrid’s time zone during the World Congress is CEST (Central European Summer Time).

The ISSVA World Congress is being held at the IFEMA, which is located at Av. del Partendn, 5,
Barajas, 28042 Madrid, Spain. The closest metro stop is Feria de Madrid, and is a short walk
across from the venue.

The ISSVA World Congress 2024 will be held in the North Convention Center (West Hall). There
will be escalators to take up to the first floor at the main North Entrance.

The virtual meeting will be hosted by our onsite AV company, which will be accessible to
anyone who registered for the virtual programming. This platform will offer live talks during the
Scientific Program. You will receive an email with your login instructions prior to the start of the
ISSVA World Congress.

All sessions will be recorded and available to all attendees (in-person and virtual) after the
World Congress. Once posted, you'll receive an email with instructions and recordings will be
available for 30 days (once available).

ISSVA World Congress 2024 | 4
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Continuing Medical Education Credits

In support of improving patient care, this activity has been

planned and implemented by Amedco LLC and International A

Society for the Study of Vascular Anomalies. Amedco LLC is jointly .V
accredited by the Accreditation Council for Continuing Medical

Education (ACCME), the Accreditation Council for Pharmacy JOINTLY ACCREDITED PROVIDER™

Education (ACPE), and the American Nurses Credentialing Center  inTerpROFESSIONAL CONTINUING EDUCATION
(ANCC), to provide continuing education for the healthcare team.

Amedco LLC designates this live activity for a maximum of 25.25 AMA PRA Category 1 Credits™
for physicians. Physicians should claim only the credit commensurate with the extent of their
participation in the activity.

Go to http://issva.cmecertificateonline.com/

Click on the “World Congress 2024” link.

Evaluate the meeting.

Save/Download/Print all pages of your certificate for your records.

PwwnNPE

Questions? Email Certificate@AmedcoEmail.com

Click here to read the full Learner Notification regarding disclosures of faculty and planners, and
additional information regarding CME.
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Venue Maps

Getting there from Metro Stops
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The ISSVA World Congress is in the North
Convention Center, West Hall.

To get there from the Metro/Bus stops, please use
the map. If you are taking a taxi, ask for North
Convention Center drop-off.

The yellow star is where the Metro/Bus stops are
for IFEMA. Please follow the red arrow through the
avenue all the way to the end, which is where the
North Convention Center (blue banner).

The doors will not open until 8:30am each day of
the World Congress, so you will need to wait
outside until the doors open.

When you get inside, please follow the signs for the
West Hall. You will need to go upstairs. Once there
you will see the registration desk.
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Program at a Glance

Tuesday, 7 May (Primer Day)

Time Session Title Room

Primer Sessions

09:30-11:19 Primer, Part I: Vascular Tumors N103-104

11:20 - 11:45 Coffee Break Main Hallway

10:30-12:30 Primer, Part II: Vascular Malformations N103-104

14:05 - 15:05 Lunch Break Main Hallway

15:05-16:35 State of the Art Pathology, IR and Surgical Management of VA N103-104

16:35-17:00 Coffee Break Main Hallway

17:00 - 18:30 Difficult Case Panel Discussion N103-104
Welcome Reception & Opening Remarks

18:30 - 20:00 Welcome Reception & Opening Remarks N103-104 &

Wednesday, 08 May

Main Hallway

Time Session Title Room
Oral Abstract Presentations
09:30-11:25 Session 1: Vascular Tumors | N103-104
11:25-12:00 Coffee Break Main Hallway
12:00-13:00 Session 2: Vascular Tumors Il N103-104
13:00-13:35 Keynote Address: llona Frieden N103-104
13:35 - 15:00 Lunch Break Mafn Hallway
Poster Session Main Hallway
IGEA Non-CME Lunch Symposium — see full program for details N106
15:00 - 16:40 Session 3: Venous Malformations N103-104
16:40-17:00 Coffee Break Main Hallway

General Assembly (ISSVA Members Only)

17:00 - 18:00

General Assembly

ISSVA World Congress 2024

N103-104

7



ISSVA World Congress 2024: The Latest in Vascular Anomalies

Thursday, 09 May

Time Session Title Room
Oral Abstract Presentations
09:00-11:00 Session 4: Arteriovenous Malformations N103-104
11:00-11:30 Coffee Break Main Hallway
11:30 - 13:00 Session 5: Lymphatic Malformations N103-104
13:00 - 14:30 Lunch Break Main Hallway
Poster Session Main Hallway
13:30-14:30 Pierre Fabre Non-CME Lunch Symposium - see program for details N105
14:30 - 16:30 Session 6: Combined Malformations N103-104
16:30-17:00 Coffee Break Main Hallway
17:00 - 18:40 Session 7: Capillary Malformations N103-104
Congress Social Event (ticket required)
20:00 - 23:00 Congress Social Event — Casino de Madrid Off-site

Friday, 10 May

ISSVA World Congress 2024

Time Session Title Room
Running Club (pre-registration required)
06:30-07:30 ISSVA Running Club Off-site
Oral Abstract Presentations
09:00-11:00 Session 8: Other Studies in Vascular Anomalies | N103-104
11:00-11:30 Coffee Break Main Hallway
11:30-12:50 Session 9: Difficult Cases N103-104
12:50 - 13:50 Lunch Break Mafn Hallway
Poster Sessions Main Hallway
Novartis Non-CME Lunch Symposium — see program for details N106
13:50 - 15:40 Session 10: Other Studies in Vascular Anomalies Il N103-104
Closing Ceremony & Farewell Reception
15:40 - 16:00 Closing Ceremony N103-104
16:00 - 17:00 Farewell Reception Main Hallway
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Primer Day Sessions

All session and presentation times are in local time. Presenters are subject to change.

Primer Part I: Introduction to Vascular Anomalies - Classification; Vascular Tumors

9:30 Welcome | Francine Blei (United States)

9:40  The ISSVA Classification | Emir Haxhija (Austria)

10:00 Infantile Hemangioma: Diagnosis and Associations | Eulalia Baselga (Spain)
10:20 Infantile Hemangioma: Management | Carine van der Vleuten (Netherlands)
10:40 Liver Hemangioma & Other Tumors | Steven Fishman (United States)

11:00 KHE | Alexandria Borst (United States)

Primer Part II: Introduction to Vascular Anomalies - Vascular Malformations
Moderators: Gresham Richter (Unites States), Anita Gupta (United States)

11:45 Vascular Malformations -Multidisciplinary Approach/Networks | Miikka Vikkula (Belgium)
12:05 Genetics of Vascular Malformations | Sarah Sheppard (United States)

12:25 Pathology of Vascular Malformations | Isabel Colmenero (Spain)

12:45 Imaging in Vascular Malformations | Annouk Bisdorff-Bresson (France)

13:05 Vascular Malformations - IR Options | Gilles Soulez (Canada)

13:25 Vascular Malformations - Surgical Options | Dov Goldenberg (Brazil)

13:45 Vascular Malformations - Medication Options | Adrienne Hammil (United States)

Primer Part lll: State of the Art in Pathology, IR and Surgical Management of Vascular Anomalies
Moderators: Juan Carlos Lopez-Gutierrez (Spain), Eulalia Baselga (Spain)

15:05 — Arteriovenous Malformations - Molecular Mechanisms, two hit drivers and beyond || Henar
Cuervo Grajal (Spain)

15:20 — Arteriovenous Malformations - Molecular Mechanisms, two hit drivers and beyond Il | Lara
Rodriguez Laguna (Spain)

15:35 — Percutaneous management of Head and Neck Arteriovenous Malformations | Alfredo Casasco

(Spain)

15:50 — Current Multidisciplinary Surgical Management of Complex Arteriovenous Malformations of

the Head and Neck | Teresa Gonzalez-Otero (Spain)

16:05 — Congenital Hemangiomas. Are they tumors? | Isabel Colmenero (Spain)

16:20 — Congenital Hemangiomas. Are they Fetal Vascular Disorders? | Paloma Triana-Junco (Spain)

Primer Part IV: Difficult Case Panel Discussion
Moderators: Leo Schultze-Kool (Netherlands), Denise Adams (United States)

17:00 — 18:30 Difficult Case Panel Discussion
Panel 1 — Francine Blei (United States), James Bennett (United States), Anne Comi (United States), Josee
Dubois (Canada), , Beth Drolet (United States), Adrienne Hammill (United States)

e It's the tip of an iceberg - a unique presentation of arteriovenous malformations in a young girl |
Luke Toh (Singapore)

ISSVA World Congress 2024 | 9
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e Venous Insufficiency and Stasis as a presenting symptom for a patient with inherited and somatic
variant EPHB4 Mutations | Frederic Bertino (United States)
Panel 2 — Miikka Vikkula (Belgium), Michel Wassef (France), Par Gerwins (Sweden), Annouk Bisdorff-
Bresson (France), Friedrich Kapp (Germany), Willemijn Klein (Netherlands)

e Isolated Kaposiform Lymphangioma: Fact or Fiction? | Sonja Chen (United States)
e Difficult Case of a Vascular Anomaly with Progressive Arteriopathy | Kelly Blache (United States)

ISSVA World Congress 2024 | 10
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Congress Program

All session and presentation times are in the local time. Presenting author is underlined; presenters are
subject to change. See below for full abstracts.

Session 1: Vascular Tumors
Moderators: Alyaa Al-Ibraheemi (United States), Thuy Phung (United States)

9:30 Welcome | Francine Blei (United States)

9:45 Differences in the clinical characteristics of Infantile Hemangiomas in preterm and term
infants: Prematurity confers greater risk of permanent cutaneous sequelae. | Flora Bradley (United
States), Esteban Fernandez Faith, Sonal D. Shah, Mitchell Braun, Elena Pope, Irene Lara-Corrales, Patricia
M. Witman, Katya Harfmann, Amy Buros Stein and llona Frieden

9:55  Multifocal congenital hemangiomas: expanding our understanding of "neonatal
hemangiomatosis"-case series | Daniela Peeva (United Kingdom), Gabriela Petrof and Lea Solman

10:05 Clinical features of rapid involuting congenital hemangioma: a prospective study | YiJi (China)

10:15 DeeplH: A Near-patient Diagnostic System for Infantile Hemangiomas | Yajing Qiu (China),
Mengjie Xu, Zihao Zhao, Lanzhuju Mei, Sheng Wang, Qian Wang, Dinggang Shen and Lin Xiaoxi

10:25 Remote treatment of infantile hemangiomas of high and highest risk with topical beta-
blockers | Olga Bogomolets (Ukraine)

10:35 Subglottic Hemangioma Practice Patterns | Megan Gaffey (United States), Sukaina Hasnie and
Francine Blei

10:45 A study of the complex genetic mechanisms associated with PHACE syndrome. | Dawn Siegel
(United States), Elizabeth S. Partan, Nirmal Vadgama, Francine Blei, Sarah Chamlin, Beth Drolet, Gifford
Casey, Hanmin Guo, llona Frieden, loannis Karakikes, Anthony Mancini, Denise Metry, Anthony Oro,
Alexander E. Urban, Kevin C. Wang and Nara Sobreira

10:55 Disparities in management of Infantile Hemangioma: Impact of social determinants of health
in a large population over a 10-year period | Nicole Reynoso (United States), Ana Marija Sola, llona
Frieden, Nicole Kittler, Erin Mathes, Kristina Rosbe and Josephine Czechowicz

11:05 Pediatric hepatic hemangiomas: lessons learnt | Sarah Cherian (Canada), Josee Dubois, Niina
Kleiber, Julie Powell and Martha Dirks

11:15 Prospective study to assess the utility and validity of a chromameter in the assessment of
infantile hemangiomas. | Luis Sdnchez Espino (Canada), Alexandra Pennal and Elena Pope

ISSVA World Congress 2024 | 11
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Session 2: Vascular Tumors
Moderators: Denise Adams (United States), Maria Garzon (United States)

12:00 Single-cell transcriptional profiling identifies a LAMAA4 as a potential target gene in Kaposiform
hemangioendothelioma | Zuopeng Wang (China) and Kai Li

12:10 PQ interval prolongation and first-degree AV block in children with infantile hemangiomas
treated with propranolol | Lidia Babiak-Choroszczak, Joanna Strzemecka, Wieslawa Wieczorek and Kaja
Krystyna Gizewska-Kacprzak (Poland)

12:20 Treatment Experience for Different Risk Groups of Kaposiform Haemangioendothelioma |
Miao Miao Li (China)

12:30 Different doses of sirolimus for kaposiform hemangioendothelioma: a randomized clinical trial
| Jiangyuan Zhou (China) and Yi Ji

12:40 Neurointerventional treatment of life-threatening vascular tumors in newborns | Huy Do
(United States), Mai-Thy Truong, Karthik Balakrishnan, Ann Marqueling, Arjun Pendharkar, Andrew
Gauden and Joyce Teng

12:50 Novel Genomic Structural Variations in Angiosarcoma | Thuy Phung (United States)

Keynote Address
13:00 "A 30+ year Journey thru the Landscape of Vascular Anomalies: Reflections on our Origins and
Lessons Learned" | /lona Frieden (United States)

Session 3: Venous Malformations
Moderators: Sheena Pimpalwar (United States), Annouk Bisdorff-Bresson (France)

15:00 Endothelial cell-derived extracellular vesicles contribute to abnormal perivascular cell
coverage by transferring miR-4432 in venous malformations | Gao-Hong Chen (China), Jian-Gang Ren
and Gang Chen

15:10 Aggressive phenotype of blue rubber bleb naevus syndrome caused by mosaic TEK fusion |
Roli Adollo (United Kingdom), Alicia Lopez Bruzos, Aimie Sauvadet, Davide Zecchin, Ignacio Del Valle
Torres, Amir Sadri, Claire O'Neill, Lea Solman, Mary Glover, Veronica A. Kinsler and Satyamaanasa
Polubothu

15:20 The four clinical manifestations of verrucous venous malformation | Shih-Jen Chang (China),
Yajing Qiu, Rui Chang, Lizhen Wang and Lin Xiaoxi

15:30 FIXED DOSING OF ALPELISIB IN CHILDREN: WHEN WILL THE MAGIC FADE? | Albert Etingin
(Canada), Amandine Remy, Thomas Sonea, Francis Fortin, Josee Dubois, Sandrine Essouri, sandra
ondrejchak, Chantal Lapointe, Yves Thédret, Audrey Denoncourt, Facundo Garcia-Bournissen, Jéréme
Coulombe, Julie Powell, Thai Tran and Niina Kleiber

15:40 First In-human Clinical Experience with Direct Stick Embolization of Low-flow Vascular
Malformations with an mTOR Inhibitor | Valentina Restrepo (United States), Wilma Flores, Stephanie
Prozora, Alfred I. Lee, Prashant Patel and Naiem Nassiri

ISSVA World Congress 2024 | 12
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15:50 Outcome of Bleomycin Electrosclerotherapy of Slow-Flow Malformations in Adults and
Children | Moritz Wildgruber (Germany), Vanessa F. Schmidt, Ozlem Cangir, Lutz Meyer, Constantin
Goldann and Walter A. Wohlgemuth

16:00 Ablation of Venous Malformations by Photothermal Therapy with Intravenous Gold
Nanoshells | Kathleen Cullion (United States), Claire Ostertag-Hill, Michelle Pan, Brian Timko, Elisa
Boscolo and Daniel S. Kohane

16:10 Total Hip Arthroplasty in Extensive Venous Malformations with Intravascular coagulation
disorder (= IVCD): An Experience of Four Cases | Claude Laurian (France), Emma Vuilletet, Pomme
Jouffroy and Annouk Bisdorff Bresson

16:20 TOTAL KNEE ARTHROPLASTY IN EXTENSIVE VENOUS MALFORMATIONS: A Single CENTER
EXPERIENCE OF 10 CASES | Claude Laurian (France), Emma Vuilletet, Pomme Jouffroy and Annouk
Bisdorff Bresson

16:30 Two Cases of Sarcomas Misdiagnosed as Venous Malformations | Christopher Ingraham
(United States), Eric J. Monroe, Sandeep Vaidya, Mark Meissner and Rush Chewning

Session 4: Arteriovenous Malformations
Moderators: Gulraiz Chaudry (United States), Miikka Vikkula (Belgium)

9:00 Oncogene targeted next-generation-sequencing in extracranial arteriovenous malformations |
Sarah Bernhard (Switzerland), Aleksandra Tuleja, Yvonne Déring, Erik Vassella, Ursula Amstutz, Christiane
Zweier, Jochen Réssler, Laurence M. Boon, Miikka Vikkula, Fabian Haupt, Gyérgyi Hamvas, Rafael
Kammer and Iris Baumgartner

9:10 Trametinib prevents formation of vascular lesions in a MAP2K1 p.K57N arteriovenous
malformation mouse model | Patrick Smits (United States), Yu Sheng Cheng, Michal Ad, Matthew Vivero
and Arin Greene

9:20 Somatic RIT1 indels identified in arteriovenous malformations hyperactivate RAS-MAPK
signaling and are amenable to MEK inhibition | Friedrich G Kapp (Germany), Farhad Bazgir, Nagi
Mahammadzade, Erik Vasella, Yvonne Déring, Annegret Holm, Caroline Seebauer, Axel Karow, Natascha
Platz Batista da Silva, Walter A. Wohlgemuth, Pia Kréning, Charlotte M. Niemeyer, Denny Schanze,
Martin Zenker, Whitney Eng, Mohammad R. Ahmadian, Iris Baumgartner and Jochen Réssler

9:30 Clinical Response to MEK Inhibitors in Arteriovenous Malformations | Whitney Eng (United
States), Meghan O'Hare, Caroline Johnston and Melisa Ruiz-Gutierrez

9:40 Monocentric Pilot Trial on the use of Trametinib in refractory to standard care Arterio-Venous
Malformations: follow-up after cessation of therapy. | Julien Coulie, Emmanuel Seront (Belgium),
Valérie Dekeuleneer, Frank Hammer, Annouk Bisdorff Bresson, Miikka Vikkula and Laurence M. Boon

9:50 Extracranial Vascular Anomalies Driven by RAS/MAPK Variants - Spectrum and Genotype-
Phenotype Correlations | Vanessa Schmidt (Germany), Friedrich G Kapp, Veronika Vielsmeier, Caroline
Seebauer, Armin-Johannes Michel, Max Seidensticker, Wibke Uller, Beate Hdberle, Denny Schanze, Jens
Ricke, Melanie A. Kimm, Walter A. Wohlgemuth, Martin Zenker and Moritz Wildgruber
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10:00 The VASCERN-VASCA Working Group Diagnostic and Management Pathways for Arteriovenous
Malformations | Julien Coulie (Belgium), Rune Andersen, Maria Barea, Eulalia Baselga, Miguel Bajarano,
Sigurd Berger, Annouk Bisdorff Bresson, olivia boccara, Petra Borgards, Maria Bon Sucesso, Laurence M.
Boon, Andrea Diociaiuti, Veronika Dvorakova, May El Hachem, Sofia Frisk, Nader Ghaffarpour, Paolo
Gasparella, Emir Haxhija, Annegret Holm, Thomas Hjuler, Alan D. Irvine, Mikkel Kaltoft, Friedrich G. Kapp,
Kristiina Kyrklund, Antonio Miguel Madureira, Darius Palionis, Pdivi Salminen, Birute Vaisnyte, Carine van
der Vleuten, Leo Schultze Kool and Miikka Vikkula

10:10 Thalidomide as (neo-)adjuvant treatment to reduce postoperative recurrence of extracranial
arteriovenous malformations. | Julien Coulie (Belgium), Valérie Dekeuleneer, Emmanuel Seront, An-
Katrien De Roo, Dana Dumitriu, Frank Hammer, Liliane Marot, Nicole Revencu, Pascal Brouillard, Miikka
Vikkula, and Laurence M. Boon

10:20 Differential diagnosis of arteriovenous malformation and capillary malformation-
arteriovenous malformation syndrome using two-dimensional and three-dimensional ultrasound | Xia

Gong (China), Ping Xiong and Jia Li

10:30 The Sandwich Neoadjuvant+Adjuvant use of Bleomycin and Surgery for Limited S3 AVMs of
the head and neck | Giacomo Colletti (Italy), Linda Rozell-Shannon, Sara Negrello, Giangiacomo Sanna,
Gregory Levitin and Luigi Chiarini

10:40 Research and Development of Novel Image-guided Ethanol Injection: Pre-clinical
Investigations, and Clinical Application in Vascular Malformation. | Yuchen Shen (China), Lixin Su,
Deming Wang and Xindong Fan

10:50 Ethanol Embolotherapy Management of Pelvic Arteriovenous Malformations (AVM) | Wayne
Yakes (Unites States)

Session 5: Lymphatic Malformations
Moderators: Eulalia Baselga (Spain), Renata Maricevich (United States)

11:30 Assessing pharmacological inhibition and defining pathogenesis in KRAS-driven zebrafish
lymphatic malformation models | Scott Paulissen (United States), Dhyanam Shukla, Benjamin
Sempowski, Gennady Margolis, Ryan Dale and Sarah Sheppard

11:40 A high throughput zebrafish chemical screen identifies Pan-AKT and tyrosine kinase as novel
candidate treatment for Kaposiform Lymphangiomatosis (KLA) | Ivan Bassi (Israel), Amani Jabali, Shany
Egozi, Naama Farag, Noga Moshe, Gil S. Leichner, Jonathan Long, Lotan Levin, Karina Yaniv and
Shoshana Greenberger

11:50 Hyperactive KRAS/MAPK signaling disrupts normal lymphatic vessel architecture and function
| Michael Dellinger (United States)

12:00 Precision Engineering of Patient-Specific Lymphatic Malformation Models Reveals Alpelisib
Responsiveness and Unveils Non-Hot Mutations in the PI3K/Akt/mTOR Pathway | Yarelis Gonzalez-
Vargas (United States), Greta Hiehle, Katie Skinner, Jennifer Spangle, Andrew Hong, Matt Hawkins and J.
Brandon Dixon

12:10 The Antenatal and Perinatal Management of Fetuses with Extensive Lymphatic
Malformations| Paolo Campisi (Canada), Yada Kunpalin, Tim Van Mieghem, Joao Amaral, Dilkash Kajal,
Greg Ryan and Manuel Carcao
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12:20 Predicting postnatal outcomes and therapeutic needs by combining pre- and post-natal
imaging characteristics and clinical data in patients with neck lymphatic malformations versus cystic
tumors | Monica Matsumoto (United States), Anne Marie Cahill, Deborah M. Zarnow, Seth Vatsky, Abhay
Srinivasan, Denise Adams and Tamara Feygin

12:30 An audit of the treatment costs of pediatric lymphatic malformations — a tertiary center
experience | Hanna Hyvénen (Finland), Hannele Salonen, Johanna Aronniemi, Pdivi Salminen and
Kristiina Kyrklund

12:40 Comparisons of Clinical Features Between Pediatric and Adult Patients with Surgically-resected
Abdominal Lymphatic Malformations | Min Yang (China), Cong-xia Yang and Yi Ji

12:50 Kaposiform Lymphangiomatosis (KLA): Update on clinical features, treatment approach, and
use of targeted medical therapy | Whitney Eng (United States), Alexindra Wheeler, Melisa Ruiz-
Gutierrez, Harry Kozakewich, Kiersten Ricci, Adrienne Hammill and Denise Adams

Session 6: Combined Malformations
Moderators: lonela lacobas (United States), Shoshana Greenberger (Israel)

14:30 Genomic Characterization of Patients with Vascular Anomalies and Neurocutaneous Disorders
Using Paired Exome Analysis and RNA Sequencing | Ying-Chen Claire Hou (United States), Bhuvana Setty,
Anna Lillis, Ibrahim Khansa, Gregory D. Pearson, Esteban Fernandez Faith, Archana Shenoy, Sonja Chen,
Brandon Stone, Erica Macke, Mari Mori, Gregory Wheeler, Heather Costello, Benjamin Kelly, Mariam
Mathew, Kathleen M. Schieffer, Elizabeth Varga, Elaine R. Mardis and Catherine E. Cottrell

14:40 Utility of cfDNA in comprehensive genomic profiling of complex vascular anomalies | Dong Li
(United States), Sarah Sheppard, Michael March, Mark Battig, Lea Surrey, Abhay Srinivasan, Alexandra
Borst, Fengxiang Wang, Tamjeed Sikder, Nora O'Connor, Alexandria Thomas, Erin Pinto, Allison Britt,
Joseph Napoli, David Low, Seth Vatsky, James Treat, Janet R. Reid, Christopher Smith, Kristen Snyder,
Anne Marie Cahill, Yoav Dori, Denise Adams and Hakon Hakonarson

14:50 MEK inhibition restores dysregulated genes in human endothelial cells expressing the NRAS
Q61R mutation identified in kaposiform lymphangiomatosis | Sara Alharbi (United States), Patricia
Pastura, C. Griffin McDaniel, Dermot Fox, Andrew Wagner, Yan Xu, Punam Malik, Denise Adams and
Timothy D. Le Cras

15:00 Clinical phenotype of the PIK3R1-related vascular overgrowth syndrome | Paul Kuentz (France),
Camille Engel, Fanny Morice-Picard, Didier Bessis, Hélene Aubert, Bertrand Isidor, Alice Phan, Olivia
Boccara, Annabel Maruani, Juliette Mazereeuw, Hagen Ott, Anne-Marie Guerrot, Eve Puzenat, Jehanne
Martel, Laurence Faivre and Pierre Vabres

15:10 New promising ways for sirolimus treatment: from continuous to intermittent administration
of sirolimus in slow-flow vascular malformations | Emmanuel Seront (Belgium), An Van Damme, Julien
Coulie, Miikka Vikkula and Laurence M. Boon

15:20 Sirolimus for Vascular Anomalies Associated with PTEN Hamartoma Tumor Syndrome |
Alexandra Zabeida (Canada), Kelley Zwicker, Michelle Fantauzzi, Laura Willis, Jack Brzezinski, Cheryl
Cytrynbaum, Jonathan Wasserman, Rosanna Weksberg, Kevin Zbuk and Manuel Carcao

15:30 Adverse events during alpelisib and sirolimus treatment in PROS patients. A comparative study
| Paloma Triana Junco (Spain) and Juan Carlos Lopez Gutierrez
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15:40 Accelerated Repurposing of Sotorasib for Vascular Malformations Associated with KRAS G12C
Mutation| Guillaume Canaud (France)

15:50 Percutaneous Sclerotherapy of Lymphatic and Venous Malformations with Osseous
Involvement | Alan Kim (United States), Mohammad Mirza-Aghazadeh-Attari, Arun Kamireddy and
Clifford R. Weiss

16:00 Clinical features and advances in treatment of Gorham-Stout disease: a systematic review |
Zilong Zhou(China) and Yi Ji

16:10 Oncologic outcomes for patients with Ollier disease and Maffucci syndrome | Whitney Eng
(United States)

16:20 Analysis of related factors of functional impairment caused by fibro-adipose vascular anomaly
(FAVA) | Bin Sun (China), Changxian Dong and Hongzhao Lei

Session 7: Capillary Malformations
Moderators: Ane Dompmartin (France), Marta lvars (Spain)

17:00 Generation of a mouse model for Capillary Malformation | Patrick Smits (United States), Yu
Sheng Cheng, Matthew Vivero, Leanna Marrs, Michal Ad, Christopher Sudduth, Joyce Bischoff and Arin
Greene

17:10 Endothelial permeability in mosaic GNAQ p.R183Q driven capillary malformations | Sana
Nasim, Colette Bichsel, Mariam Baig, Jill Wylie-Sears, Matthew Vivero, Patrick J. Smits, Sanda
Alexandrescu, Anna Pinto, Arin K. Greene and Joyce Bischoff (United States)

17:20 Development of an AlphaLISA high-throughput technique to screen for targeted
pharmacotherapy for capillary malformation | Matthew Vivero (United States), Leanna Marrs, Sana
Nasim, Michal Ad, Patrick Smits, Joyce Bischoff, Matthew Warman and Arin Greene

17:30 Somatic mutations GNAQ183 do not only cause Port Wine Stain/Capillary malformation:
Troncular venous abnormalities in a series of patients. | Eulalia Baselga (Spain), Luisa Fernanda
Montenegro, Elena Marin-Manzano, Marta Ivars, Carine Van der Vleuten, Olivia Boccara, Laurence Boon,
Valerie Dekeuleneer, Ana Martin _Santiago, Marie-Antoinette Sevestre, MArtin Theiler, Lisa Weibel, Sonia
Paco, Cinzia Lavarino, Daniel Antonio Brualla, Carolina Prat, Aasuncion Vicente-Villa, M Angeles Mufioz-
Miguelsanz, Miikka Vikkula and Juan Carlos Lopez-Gutierrez

17:40 Application of Artificial Intelligence in Quantitative Evaluation of Facial Port-Wine Stains | Lan
Luo (China), Wenjun Fu, Shanfeng Zhu and Lin Xiaoxi

17:50 Comparison of pulsed dye Laser Medicine and photodynamic therapy in the treatment of port-
wine stain: a retrospective paired control study | Gang Ma (China), Yuyan Zhang, Lan Luo, Yue Han,
Hanru Ying, Wenxin Yu, Jiafang Zhu, Lixin Zhang and Lin Xiaoxi

18:00 Staged Surgical Correction for Patients with Facial Port-Wine Stains | Hanru Ying (China), Lei
Chang, Yun Zou, Zhixu Liu, Yajing Qiu, Gang Ma, Hui Chen and Lin Xiaoxi

18:10 Macrocephaly Associated with Sturge-Weber Syndrome: Presentation of Two Cases | Marta
lvars (lvars), Ana Martin-Santiago, Aniza Giacaman, Carmen Fons, Jordi Muchart, Cinzia Lavarino, Sonia
Paco, Sandra D. Castillo, Mariona Graupera, Carlota Rovira and Eulalia Baselga
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Session 8: Other Studies in Vascular Anomalies |
Moderators: Dov Goldenberg (Brazil), June Wu (United States)

9:00 Double non allelic somatic activating oncogene variants in a series of vascular anomalies. |
Pierre Vlabres (France), Thomas Hubiche, Stéphanie Mallet, Annabel Maruani, Bertille Bonniaud, Jehanne
Martel, Laurence Faivre and Paul Kuentz

9:10 Assessment of gene—disease associations and recommendations for genetic testing for somatic
variants in vascular anomalies by VASCERN-VASCA | Nicole Revencu (Belgium), Astrid Eijkelenboom,
Claire Bracquemart, Pia Alhopuro, Judith Armstrong, Eulalia Baselga, Claudia Cesario, Marialisa Dentici,
Melanie Eyries, Sofia Frisk, Helena Gdsdal Karstensen, Nagore Gene-Olaciregui, Sirpa Kivirikko, Cinzia
Lavarino, Inger-Lise Mero, Rodolphe Michiels, Elisa Pisaneschi, Bitten Schénewolf-Greulich, llse Wieland,
Martin Zenker and Miikka Vikkula

9:20 The Mini-Multidisciplinary Vascular Anomalies Team Clinic: Steps to Improve Patient Access
and Volumes | Gresham Richter (United States), Amber Smith and Joana Mack

9:30 A Precision Medicine Approach for Vascular Anomalies: Clinical Impact of Molecular Testing in
315 Patients Treated at a Single Center | Whitney Eng (United States), Melisa Ruiz-Gutierrez, Samantha
Spencer, Harry Kozakewich, Alyaa Al-Ibraheemi, Marilyn Liang, Amir Taghinia, Arin Greene, Ahmad
Alomari, Raja Shaikh, Steven J. Fishman, John Mulliken, Denise Adams and Alanna Church

9:40 Improvement of histopathological diagnostics of vascular anomalies through spatial deep-
phenotyping using non-destructive 3D histopathology | Rene Haegerling (United States)

9:50 Bridging Cells and Cures: From Mechanisms to Dual Approach to Target Endothelial and
Intervascular Stromal Cells for Vascular Anomaly Treatment | Johanna Laakkonen (Finland)

10:00 Evaluation of content and readability of ChatGPT-generated Educational Materials for Vascular
Anomalies | Christine Wong (United States), llona Frieden, Erin Mathes and Josephine Czechowicz

10:10 Case Series of Prenatal Administration of Sirolimus (Tolerance and Efficacy) | lonela lacobas
(United States), Tara Rosenberg, Roopali Donepudi, Sharada H. Gowda, Ahmed Nassr, Alireza
Shamshirsaz and Magdalena Sanz Cortes

10:20 How to increase the safety of surgical excision of facial vascular malformations. The role of
adjuvant intraoperative technologies in avoiding complications. | Rebecca Rossener (Brazil), Dov
Goldenberg, Marilia Ito and Rolf Gemperli

10:30 Why do adults present with new-onset Vascular Malformations? Retrospective cohort study
from a Multidisciplinary Vascular Anomalies Center | Ayushi Gautam (United States), Josephine
Czechowicz, Erin Mathes, Mark Mamlouk, Arman Shoyatev and llona Frieden

10:40 A Decade of Bleomycin | Joseph Miller (United States), Shimwoo Lee, Erin Delfosse, Mary
Timbang, Gabriel Gomez, Minnelly Luu, Meagan Hughes, Jessica Lee, Sara Kreimer and Dean Anselmo

10:50 Scientific Committee Talk | Dov Goldenberq (Brazil)

Session 9: Difficult Cases
Moderators: Tony Penington (Australia), Paulo Gasparella (Austria)
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11:30 Lightening striking twice: patients with two distinct vascular malformations | Maya
Muldowney (United States), Beth Drolet, Catharine Garland, Jason Pinchot, Sarah Mc Dermott, Todd Le,
Donglin Zhang, and Lisa Arkin

11:40 GNA11+ Frontal Segmental Vascular Anomaly Associated With Intracerebral Vascular
Malformation: A Challenging Case | Daniela Kramer (Chile), Antonella Mufioz, Maria Cossio, Camila
Downey, Paulo Zufiga, Lizbet Perez, Laura Moneguini and Giacomo Colletti

11:50 Unusual Presentation of Coronary Artery Fistula in Capillary Malformation-Arteriovenous
Malformation 2 Syndrome | Tyson Echols (United States), Seth E. Vatsky, Jonathan J. Rome, Bryan A.
Pukenas, Allison Britt, Jennifer Colt and Alexandra J. Borst

12:00 Difficult Case Presentation: Dual therapy with beta blockers and sirolimus in an infant with
diffuse hemangiomatosis | Elizabeth Cappello (United States), Neeraja Swaminathan, Meghan Beatson,
Jami Miller, Alan Boyd and Elizabeth Snyder

12:10 GPR161 Unmasked: Expanding the Gene-Phenotype Relationship of an Emerging Tumor
Suppressor | Catherine Cottrell (United States), Ying Chen Claire Hou, Vinay Prasad, Anna Lillis, Ibrahim
Khansa, Thomas Scharschmidt, Kim Bjorklund and Elizabeth Varga

12:20 Initial experience with bleomycin electro-embolotherapy (BEET) for the treatment of
extracranial arterio-venous malformations | Oleksandr Bidakov (Germany)

12:30 Lymphangiographic Features of Lymphedema -Distichiasis Syndrome (FOXC2 Mutation) in a
Stillborn Fetus | Ahmad Alomari (United States) and Harry PW Kozakewich

12:40 Large Pediatric NTRK-rearranged Neoplasm Mimicking a Vascular Malformation | Mohammad
Sadic (United States), Alexander Hien Vu, Erol Bayraktar, Naomi Strubel, Sheel Sharma, Francine Blei,
George Jour and Sandra Tomita

Session 10: Other Studies in Vascular Anomalies Il
Moderators: Victor Martinez-Gonzalez (Spain), Israel Fernandez-Pineda (Ireland)

13:50 The clinical implications of readily available genetic testing in a vascular anomalies service |
Maria Shilova, Sinead O'Sullivan, Chris Richmond, Roy Kimble and Romi Das Gupta (Australia)

14:00 A Highly Sensitive Genetic Panel to Evaluate Patients with Mosaic Vascular Anomalies | Sara
Kreimer (United States), Erin Delfosse, Juyon Yi, Dean Anselmo, Jessica Lee, Minelly Luu, Meagan Hughes,
Joseph Miller, Vandana Mehta, Jenny Ji, Ryan Schmidt, Miao Sun, Cindy Fong, Dejerianne Ostrow, Jaclyn
Biegel, Avinash Dharmadhikari and Matthew Deardorff

14:10 Somatic PIK3CA variants are associated with eccrine angiomatous hamartomas | Roy M.
Kimble, Romi Das Gupta (Australia), Chris M. Richmond, Diane Payton and Yun Phua

14:20 Patient Reported Outcome Measurement Information System (PROMIS) Measures in Action:
Development of a visualization tool in Epic | Lauren Hill (United States), Taizo Nakano, Aparna Annam,
Michelle Klos and Ann Kulungowski

14:30 Clinical Use and Adverse Effects of Bortezomib in Pediatric Patients: A Systematic Review and
Meta-Analysis | Averill Clapp, Zachary LeBlanc, Samantha Kaplan, Carrie J. Shawber and June Wu
(United States)
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14:40 Evaluating the Impact of Sirolimus Treatment on Quality of Life in Individuals with Vascular
Anomalies: A Comparative Analysis Before and After Intervention | Nicolas Affranchino (Argentina),
Silvia Caino, Nicolas Sticco, Torres Natalia, Mariana Roizen, Sergio Sierre and Dario Teplisky

14:50 Sirolimus: friend or enemy of surgeons dealing with vascular anomalies? | Noureddine
Hassayoune, Julien Coulie, Christina Flucher, Paolo Gasparella, Birute Vaisnyte, Darius Palionis, Isabelle
Quere, Pierre-Louis Docquier, Audrey Lentini, Maite Van Cauter, Sandra Schmitz, Emir Haxhija, An Van
Damme, Emmanuel Seront and Laurence M. Boon (Belgium)

15:00 Fetal Magnetic Resonance Imaging of Vascular Anomalies | Riikka Schultz (Finland)

15:10 Vascular malformations in the abdominal cavity of children | Uwe Huebner (Germany)

15:20 Complete unilateral pulmonary embolisation and antiangiogenic treatment in a child with
diffuse pulmonary vascular malformations and severe hypoxaemia | Marcelo Serra (Argentina), Magali
Squitin Tasende, Juan Pedro Alvarez and Oscar Peralta

15:30 Facial Asymmetry Related to Vascular Malformations: Insights from Characteristics, Surgical
Management, and Outcomes (2012-2022) | Bin Sun (China), Hongrui Chen, Wei Gao, Chen Hua and Lin
Xiaoxi
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Oral Abstracts

Differences in the clinical characteristics of Infantile Hemangiomas in preterm and term infants:
Prematurity confers greater risk of permanent cutaneous sequelae.

Flora E. Bradley (Department of Dermatology, University of California, San Francisco School of Medicine,
San Francisco, California); Esteban Fernandez Faith (Nationwide Children's Hospital and Ohio State
University); Sonal D. Shah (Department of Dermatology, University Hospitals Cleveland Medical Center,
Case Western Reserve University School of Medicine, Cleveland, Ohio); Mitchell Braun (University of
California San Francisco); Elena Pope (The Hospital for Sick Children and University of Toronto, Toronto,
Canada); Irene Lara-Corrales (Division of Pediatric Dermatology, The Hospital for Sick Children and
University of Toronto, Toronto, Canaday); Patricia M. Witman (Division of Dermatology, Department of
Pediatrics, Nationwide Children's Hospital and The Ohio State University College of Medicine, Columbus,
Ohio); Katya Harfmann (Division of Dermatology, Department of Pediatrics, Nationwide Children's
Hospital and The Ohio State University College of Medicine, Columbus, Ohio); Amy Buros Stein (Pediatric
Dermatology Research Alliance); llona Frieden (UC San Francisco)

Purpose: Preterm infants have a higher incidence of infantile hemangiomas (IH) as well as a risk of
multiple IH. However, specific morphologic characteristics of IH in premature infants have not been
well-characterized. We observed many preterm infants with unexpectedly thick IH, a subtype known to
be associated with increased risk of scarring. Because of the potential clinical significance for
management, we undertook a study to compare the clinical features of localized IH in preterm versus
term infants, to confirm this observation with the goal of improving the care of this patient population.

Methods: A retrospective study at tertiary referral centers was conducted on 830 consecutive patients
with a clinical diagnosis of localized IH and available clinical photographs. We compared the clinical
features of hemangiomas in preterm (<33 weeks and 33-<37 weeks) versus term (37 weeks) infants.

Results: Preterm infants had a significantly higher incidence of superficial IH (75% in <33weeks, 57% in
33-<37 weeks, and 50% in term infants, p=0.007). Prematurity and degree of prematurity were also
associated with a thicker superficial component (p<0.001). A stepped border was more frequent in
premature infants: (79% in <33weeks, 54% in 33-<37 weeks, and 35% in term infants, p<0.001). These
features correlated with the degree of prematurity. The average chronological age at presentation to
the specialist was 5.6 (SD=6.2) months, with no difference between gestational age.

Conclusion: IH in premature infants are significantly thicker with stepped borders, specific morphologic
characteristics that have previously been shown to have a greater risk of permanent skin textural
changes. This has obvious implication for systemic therapies. Most of these infants were seen by
pediatric dermatologists for evaluation and initiation of treatment beyond the typical proliferative phase
when irreversible skin changes may have already occurred. Early specialty referral and evaluation are
critical to determine if and when intervention is needed.

Multifocal congenital hemangiomas: expanding our understanding of "neonatal hemangiomatosis"-
case series
Daniela Peeva (GOSH); Gabriela Petrof (GOSH); Lea Solman (GOSH)

Purpose: Congenital haemangiomas are rare, benign, vascular tumors, that are present and fully grown
at birth. They are typically solitary, categorised by their postnatal behavior as rapidly involuting(RICH),
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non-involuting(NICH), or partially involuting (PICH).They differ from infantile haemangiomas by the lack
of immunostaining for GLUT-1. We present three infants with congenital, small, multifocal, non-
progressive haemangiomas on the skin.

Methods: We present three cases with multiple congenital haemangiomas, which would previously be
named neonatal haemangiomatosis.

Results: Our first patient was a male, born with 18 small vascular lesions. Abdominal ultrasound showed
three vascular lesions in his liver and one in his left kidney, which were not visible on the repeated
ultrasound in 3 months. MRI of the thorax showed a vascular lesion in the right hemithorax. He was
completely asymptomatic, and the lung lesion was monitored annually with ultrasound. The second
patient was a male, born with eight vascular lesions. He had an abdominal ultrasound, which was clear.
He was also asymptomatic, and the lesions disappeared in the first year. The third patient was a female,
born with 24 vascular lesions. Cranial ultrasound was clear; however, MRI head revealed nine punctate
white matter lesions suggestive of vascular lesions. She had three small foci in the liver, consistent with
haemangiomas, which were not detected after 6 weeks. All three patients had skin biopsy, which
showed thin-walled dilated vessels in the dermis, negative for GLUT1 and D240. None of the patients
had coagulopathy.

Conclusion: These three cases expand the diagnosis of congenital haemangioma to include a multifocal
phenotype and demonstrate their possible association with visceral and intracranial
lesions/abnormalities.

Clinical features of rapid involuting congenital hemangioma: a prospective study
Yi Ji (West China Hospital of Sichuan University)

Purpose: Rapid involuting congenital hemangiomas (RICHs) are rare benign tumors that occur in infancy.
We conducted a prospective study to evaluate the clinical characteristics, complications, requirements
for therapeutic intervention, and sequelae of patients with RICHs.

Methods: Eligible patients were <7 days old and had RICH. The primary endpoint was the time of
complete involution of RICH.

Results: Eighty-six patients were included. The involution of RICH was nonlinear. All RICH patients had
signs of involution within 4 weeks of age. The time of greatest involution was between 1.3 months and
2.3 months, with a mean complete involution occurring at 10.1 months. In total, 5.8% of patients
experienced complications caused by or possibly related to RICH, and only 1.2% received some form of
early treatment during the study period. Severe/significant sequelae were observed in 18.6% of
subjects. The location of head-face-neck was the only risk factor that predicted severe/significant
sequelae (odds ratio: 4.673; 95% confidence interval: 1.326-16.667; P=0.016).

Conclusion: RICH exhibits rapid regression within the first few months of life. Although clinical
observation is recommended in patients with RICH, some lesions may leave severe/significant sequelae,
especially those involving the head-face-neck area.

DeeplH: A Near-patient Diagnostic System for Infantile Hemangiomas

Yajing Qiu (Department of Plastic and Reconstructive Surgery, Shanghai Ninth People's Hospital, School of
Medicine, Shanghai Jiaotong University); Mengjie Xu (ShanghaiTech University); Zihao Zhao
(ShanghaiTech University); Lanzhuju Mei (ShanghaiTech University); Sheng Wang (ShanghaiTech
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University); Qian Wang (ShanghaiTech University); Dinggang Shen (ShanghaiTech University); Lin Xiaoxi
(Department of Plastic and Reconstructive Surgery, Shanghai Ninth People’s Hospital, School of Medicine,
Shanghai Jiaotong University)

Purpose: Infantile hemangiomas (IH) can pose potential complications, leading to functional impairment
or permanent disfigurement if not properly diagnosed and treated. However, the traditional diagnostic
methods for IH heavily rely on clinical expertise and expensive medical imaging equipment, presenting
challenges for resource-limited hospitals. To address this issue, we propose DeeplH, a deep learning-
based near-patient diagnostic system that enables patients to receive clinical advice using images
captured on their smartphones.

Methods: The DeeplH system consists of two stages. In the first stage, a convolutional neural network
(CNN)-based detector is trained to localize potential lesion regions within the images. Subsequently, in
the second stage, the detected region, along with its surrounding pixels to ensure a comprehensive field
of view, is fed into a ResNet50 model for feature extraction. These features are then utilized by a multi-
layer perceptron (MLP) to provide treatment advice based on the features of the lesion areas. To
enhance the reliability of the treatment advice, we incorporate the modeling of visual and clinical
uncertainty via Gaussian distance mask and distribution estimation.

Results: Experiments were conducted on 5081 samples collected from Shanghai Ninth People's Hospital.
The results demonstrated a detection performance of 94.2% Top-1 localization accuracy, with over 95%
F1-score. For treatment advice prediction in the second stage, DeeplH achieved an 84.9% top-3 accuracy
performance, surpassing all compared baseline methods. Ablation studies confirmed the effectiveness
of uncertainty modeling, and qualitative results exhibited consistency with human experts.

Conclusion: DeeplH is a near-patient diagnostic system for infantile hemangiomas that utilizes
smartphone-captured images and deep learning techniques. The system achieves high accuracy in lesion
detection and provides reliable treatment advice based on features of the detected lesion areas. It has
the potential to improve IH diagnosis in resource-limited settings and facilitate timely interventions for
better patient outcomes.

Remote treatment of infantile hemangiomas of high and highest risk with topical beta-blockers
Olga V. Bogomolets (Ukrainian Medical Military Academy)

Purpose: Treatment of infantile hemangiomas (IH), which belong to the high and highest risk group
according to the protocols is carried out with the help of systemic beta-blockers. Treatment requires -
examination of the child, exclusion of contraindications, and hospitalization to monitor the child's
heart/health condition. Implementation of these protocols became impossible after the beginning of the
war in Ukraine. Due to shelling, hospitals stopped accepting children, parents did not have the possibility
to evacuate children.

Methods: We were forced to start remote store-and-forward treatment and expand the indications for
the treatment of IH of the high and highest risk group using topical beta-blockers. In 2022-23 we
distantly diagnosed 434 children with IH: 156 - belonged to a low risk group, 98- medium, 89-high, 91-
the highest. 37-were complicated with ulceration,1 with secondary infection. 415 - were prescribed
topical beta-blockers. 19- were referred for urgent hospitalization. 38 - did not start or interrupt the
treatment. A sterile solution of timolol maleate gel 0.25%, 0,5%, 1% was used. The concentration,
method and frequency of application were chosen according to the child's age, size, location, growth
rate of IH.
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Results: Significant or complete regression was achieved in 99% patients, if therapy was started before
the age of 3 month, in 92% - if started at 3-5 month, in 82% - if started at 6-10 month. The average
duration of the treatment was 10.5 month. In 1 patient a systemic skin allergic reaction was noted, in 1 -
mild bronchospasm, manifested in the form of coughing, in 12 - local skin irritation. In all other cases
parents did not complain about systemic side effects.

Conclusion: Topical beta-blockers are an effective and safe method of remote treatment of I|H of all risk
groups, including high and highest risk. The timing of treatment initiation is critical to achieve complete
tumor regression.

Subglottic Hemangioma Practice Patterns

Megan Gaffey (University of Arkansas for Medical Sciences, Department of Otolaryngology, Division of
Pediatric Otolaryngology, Arkansas Children's Hospital); Sukaina Hasnie (NYU Langone); Francine Blei
(NYU Langone/NYU Grossman School of Medicine)

Purpose: Subglottic hemangioma (SGH) is a common benign vascular anomaly of infancy, which left
untreated can have devastating consequences from airway obstruction. Early diagnosis and proper
intervention are necessary for prevention of growth of these vascular tumors. Diagnostic advancements
such as awake flexible fiberoptic laryngoscopy, as well as collective experience in the post-Propranolol
era, have broadened the approaches to the diagnosis and treatment of SGH. At our institution, there has
been a paradigm shift in the conventional practice of this disease entity. While management was once
strictly inpatient, it has become variably outpatient and inpatient, depending on patient presentation.
Our internal shift impelled us to research the experience of vascular anomaly airway surgeons at other
institutions. While practice algorithms for SGH do exist in the literature, they focus on inpatient
management. In addition, none have been adopted uniformly.

Methods: A twelve-question survey querying practice patterns regarding the diagnosis and treatment of
SGH was electronically distributed to pediatric airway surgeons whose professional focus includes the
diagnosis and treatment of vascular anomalies.

Results: Our survey resulted in responses from thirteen pediatric airway surgeons with a particular
interest in the treatment of vascular anomalies. We found no consensus in modalities for diagnosis,
treatment, or postoperative and follow-up practices.

Conclusion: A broad spectrum of diagnostic, treatment, and follow-up methodology exists amongst
pediatric airway surgeons who commonly treat SGH. We have found that our algorithm differs from
those of our colleagues at other institutions. We propose to share our algorithm, but also suggest a
future interinstitutional panel discussion to create an international consensus statement for the best
evidence-based approach towards SGH. It is our belief that such a consensus statement would be
streamlined, promote efficiency, emphasize minimal disruption to the patient and family's daily life, and
decrease length of hospital stay.

A study of the complex genetic mechanisms associated with PHACE syndrome

Dawn Siegel (Stanford University School of Medicine); Elizabeth S. Partan (Johns Hopkins University);
Nirmal Vadgama (Stanford University); Francine Blei (NYU Langone/NYU Grossman School of Medicine);
Sarah Chamlin (Ann and Robert H. Lurie Children's Hospital of Chicago); Beth A. Drolet (University of
Wisconsin); Gifford Casey (Stanford University); Hanmin Guo (Stanford University); llona Frieden (UC San
Francisco); loannis Karakikes (Stanford University); Anthony Mancini (Lurie Chidren's Hospital,

ISSVA World Congress 2024 | 23



ISSVA World Congress 2024: The Latest in Vascular Anomalies

Northwestern University); Denise Metry (Baylor College of Medicine); Anthony Oro (Stanford University);
Alexander E. Urban (Stanford University); Kevin C. Wang (Stanford University); Nara Sobreira (Johns
Hopkins University)

Purpose: Infantile hemangiomas can be associated with multiple congenital malformations in the rare
syndrome, PHACE. Complex mechanisms are increasingly associated with congenital heart disease
(CHD), including oligogenic inheritance in which the phenotype is created by the combinatorial effects of
multiple genes. Many of the de novo variants (DNVs) identified in CHD include RAS/PI3K pathway
genes(2). These same genes also underlie RASopathies and vascular anomalies.

Methods: We analyzed whole genome sequencing (WGS) in a PHACE cohort (n=72 trios) with multiple
strategies. First, we analyzed VCF files using the PhenoDB tool and DECIPHER. Next, we used exomiser, a
tool that incorporates clinical data in the form of Human Phenotype Ontology (HPO) terms and ranks
candidate variants based on patient phenotype similarity to known disease-gene phenotypes. Statistical
analysis of the probability of observing multiple damaging DNVs in an individual gene was performed
using denovolyzeR, focusing on DNV loss-of-function and missense, and comparing them against
expected DNV numbers in the general population, using a Poisson framework. Using a software called
Gene Combinations in Oligogenic Disease (GCOD), we examined oligogenic variants in individuals with
heart defects. We used CNVnator to call CNVs (deletions and duplications) and prioritized candidate
disease associated CNVs based on allele frequency.

Results: For the CNV-affected genes, we performed Gene Ontology (GO) enrichment analysis and found
multiple significant enrichments for these CNV-affected genes, including cell-cell adhesion via plasma
membrane (adjusted P = 0.047). Among the significant genes we identified in the combined analysis
above, we first prioritized THBS2 (P = 0.009) and RASA3 (P = 0.006). As proof-of-concept, we generated
mouse models carrying putative causal DNV, Thbs2D859N and Rasa3V85M. We found that Thbs2D859N
homozygous mice exhibit structural brain defects with mild reduction in the frontal cortex volume.

Conclusion: These results suggest that complex genetic mechanisms contribute to the spectrum of
phenotypes in PHACE.

Disparities in management of Infantile Hemangioma: Impact of social determinants of health in a large
population over a 10-year period

Nicole Reynoso (University of California - San Francisco); Ana Marija Sola (University of California, San
Francisco); llona Frieden (UC San Francisco); Nicole Kittler (UCSF); Erin Mathes (UCSF); Kristina Rosbe
(UCSF); Josephine Czechowicz (University of California San Francisco - Benioff Children's Hospital)

Purpose: Research across medicine has revealed that socioeconomic and demographic factors impact
care. For Infantile Hemangioma (IH), timely access to care, and treatment with propranolol/timolol
when indicated, can halt growth and result in better outcomes. We investigated the impact of social
determinants of health on care of patients with IH.

Methods: Clinical informatics techniques were utilized to identify patients diagnosed with IH at age 2
years or younger at a single academic institution between June 2012-2022. Data were obtained on
race/ethnicity, primary language, insurance payor, age at diagnosis and therapeutic interventions.

Results: 2,215 infants (64.7% female) were included. The mean/median ages of diagnosis were 5.8 and
3.6 months, respectively. The population was 49% White, 14% Asian, 3.2% Black, 21% Hispanic and 12%

other. 37% were publicly-insured and 14% were non-English speakers. 15.3% of patients received
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propranolol (mean/median age 5.43/3.37 months) and 29.5% received timolol (mean/median 5.89/2.77
months). Multivariate regression analysis revealed infants with public insurance were diagnosed 1.4
months later than commercially-insured infants (p<0.0001). Publicly-insured patients were also less
likely to receive timolol (OR 0.39, p<0.0001), and treatment was initiated 2.2 months later (p=0.004).
Patients in non-English speaking families were less likely to receive propranolol (OR 0.50, p=0.012).
Treatment with propranolol was initiated 4.2 months later in Black infants compared to White
(p=0.0016). Among Asian patients, age at diagnosis was younger by 1.0 months (p=0.014), while rates of
medication use were also lower (propranolol OR 0.65, p=0.003 and timolol OR 0.36, p=0.016).

Conclusion: This study is the largest to date of social and structural determinants of health and access to
evaluation and treatment for I|H. Disparities in care were identified in non-English speaking, publicly-
insured and Black patients. The mixed data in Asian patients suggests that sociocultural factors may also
influence treatment decisions. Further study is needed to understand barriers and improve care equity.

Pediatric hepatic hemangiomas: lessons learnt

Sarah P. Cherian (Hospital Saint Justine); Josee Dubois (CHU Ste-Justine, Université de Montréal); Niina
Kleiber (CHU Sainte-Justine, Université de Montréal); Julie Powell (CHU Sainte-Justine, U of Montreal);
Martha Dirks (CHU Sainte-Justine, Universite de Montreal)

Purpose: Define imaging characteristics for radiological diagnosis of pediatric hepatic hemangiomas and
determine if the ISSVA classification for cutaneous congenital hemangiomas can be adapted to hepatic
lesions.

Methods: Retrospective review of suspected cases 1992-2019 with parameters from available imaging
(US, CT and MRI) used to determine significant relationship that can predict pathology. US parameters:
focality, echogenicity, vessel density, venous morphology, shunt, calcification. Regression timepoints 6,
12 and >12months. Review of biopsied lesions (non regressive, AFP elevation).

Results: 55 patients, 58% congenital 42% infantile. Congenital lesions diagnosed most commonly
perinatally 52% and infantile 88% postnatal age group 0.0002. AFP elevation documented in 32 patients
seen more commonly in infantile vs congenital. Statistically significant relationship between focality and
pathology infantile multifocal congenital unifocal 0.0; however, cases of multifocal congenital and
unifocal infantile exist. Significant sonographic appearance and echogenicity: Infantile hypoechoic
homogeneous vs congenital heterogeneous (echogenicity p0.0 and appearance p0.0026).
Hypervascularity seen in both groups, however venous vessels (ectasia/ lakes and visible vessels) seen in
the RICH group (p0.0071). Congenital lesions with contrast imaging demonstrated peripheral
enhancement (p0.0) with calcification (p0.0063). Indications for biopsy: elevated AFP, non regressive
with RICH, NICH and PICH diagnosed and 6 case of hemangioendothelioma. No calcification seen in the
infantile group (p0.00), calcification persisting post regression in 38% of congenital lesions. Restricted
diffusion can be seen in infantile and congenital lesions on MRI.

Conclusion: All are hypervascular lesions with sonographic features of appearance and echogenicity
infantile hypoechoic homongenous vs congenital heterogenous. If ectasia/ lakes and visible vessels think
congenital. Calcification can persist post regression. Non regressive congenital lesions exist on RICH/
PICH/ NICH spectrum with hemangioendothelioma and hepatoblastoma as differentials. Peripheral
enhancement with congenital lesions may help differentiate from hepatoblastoma. MRI can show
restriction, limited role of primovist.

ISSVA World Congress 2024 | 25



ISSVA World Congress 2024: The Latest in Vascular Anomalies

Prospective study to assess the utility and validity of a chromameter in the assessment of infantile
hemangiomas

Luis Fernando Sdnchez Espino (The University of Alberta, Stolery Children's Hospital, Dermatology
Division); Alexandra Pennal (The University of Toronto, The Hospital for Sick Children, Dermatology
Division); Elena Pope (The University of Toronto, The Hospital for Sick Children, Dermatology Division)

Purpose: To date, there are no validated tools to objectively measure changes in infantile hemangiomas
(IHs). Chromameter, designed to assess color differences and reflection is a potential objective tool to
predict and monitor IH proliferation and involution.

Methods: A single-center prospective cohort study was conducted in Toronto, Canada from 2019-2022
to evaluate the utility, validity and responsiveness to change of Chromameter CR-400 (Konica Minolta®)
in quantifying the evolution of IHs. Statistical analyses included means, standard deviations (SD), or
medians and interquartile ranges for non-normally distributed data. Correlation coefficients (Spearman
rho, Cronbach alpha, ICC) were used to show reproducibility, validity, and responsiveness to change. A
p-value <0.05 indicated statistical significance.

Results: This study included 34 infants [mean age-3.8 (SD=1.35) months], mostly females (84%). IHs
were small [mean size=2.6 (SD=1.9) cm], uncomplicated, and superficial (88%), affecting the face and
trunk. 60% received treatment; 85% systemic and 15% topical. Redness was analyzed using a 100 mm
visual analog scale (VAS) (0 normal-100 intense red). The correlation between the chromameter and
VAS scoring was not statistically significant (Adj. R2=0.155, p=0.317). Inter-rater and intra-rater
consistency was statistically significant, showing ICC scores of 0.96 [95%Cl:0.93—0.98] and 0.95
[95%Cl:0.90-0.97], respectively. Correlation coefficients scores denoted a strong, and positive
correlation at baseline [Spearman r(34) =0.633, p =0.000; Cronbach alpha 4 items; a=0.98], and at
follow-up [Spearman r(21) =-0.275, p=0.226; Cronbach alpha 3 items; a= 0.88]. Responsiveness to
change scores were VAS -0.6 [mean VAS=-13.85 (SD=22.84)], AE -3.55 [mean AE=-21.90 (SD=5.91)], and
Aa -1.15 [mean Aa=-1.6 (SD=1.39)]. The chromameter was considered easy and safe to use by parents
and investigators.

Conclusion: The chromameter is safe, fast, and reliable for assessing IH proliferation, and can potentially
aid in treatment decision algorithms, and monitoring treatment response.

Session 2: Vascular Tumors

Single-cell transcriptional profiling identifies a LAMA4 as a potential target gene in Kaposiform
hemangioendothelioma

Zuopeng Wang (Children's Hospital of Fudan University); Kai Li (Children's Hospital of Fudan University)

Purpose: To dissect the disease heterogeneity and identify the underlying cellular and molecular
pathogenesis in Kaposiform hemangioendothelioma(KHE).

Methods: Single-cell RNA sequencing was performed on 3 KHE tumor tissue samples, one Congenital
Hemangioma(CH) tissue sample, one Infantile Hemangioma (IH) tissue sample and normal skin. The last
three served as controls. We conducted data integration and cell-type annotation based on gene
expression profiling. Furthermore, we identified pathogenesis-related genes according to copykat
analysis ,nichenet ligand receptor analysis, GO and KEGG analysis.

Results: A total of 29194 cells in KHE were obtained for further analysis, with a median unique molecular
identifier count of 5826 per cell and a median number of 1689 genes detected per cell. Mainly eight
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type cells are defined: KHE cells, fibrocyte Myeloid cell series, B cells, Tcells, mastocyte, Schwann cells,
dendritic cell. Copykat analysis of KHE data indicated that the alloploid components of KHE were mainly
tumor endothelial cells. By nichenet ligand receptor analysis, single-cell sequencing hemangioma data
was compared with normal skin data, focusing on endothelial cells, 1253 ligand-corresponding target
genes and 88 ligand and receptor pairs were obtained in KHE data. Then, the KHE data analysis results
were compared with infantile hemangioma and congenital hemangioma data, and target genes LAMA4,
TGFB1 and FBN1 with specific or high expression in KHE were screened out, among which the expression
level of LAMA4 gene in KHE was the most different from that of IH and CH. GO and KEGG analysis
showed LAMA4 associated with p38 MAPK pathway.

Conclusion: The LAMAA4 is highly expressed in KHE which could be a biomarker for Immunohistochemical
diagnosis. The LAMA4 might be a candidate for therapeutic targets of KHE.

PQ interval prolongation and first-degree AV block in children with infantile hemangiomas treated
with propranolol

Lidia Antonina Babiak-Choroszczak (Pomeranian Medical University in Szczecin); Joanna Strzemecka
(Pomeranian Medical University in Szczecin); Wieslawa Wieczorek (Pomeranian Medical University in
Szczecin); Kaja Krystyna Gizewska-Kacprzak (Pomeranian Medical University in Szczecin)

Purpose: Propranolol is a first-line treatment for infantile hemangiomas (IH) in children. It is safe and
rarely causes side effects, such as atrioventricular (AV) conduction disturbances, PQ interval
prolongation, and first-degree AV block in electrocardiography (ECG). First-degree AV block is clinically
mute in most children. There is a risk of progression of the first-degree AV block, therefore precaution is
recommended. There are currently no dosing guidelines for propranolol in IH children with ECG
abnormalities. The purpose was to evaluate of propranolol treatment protocol in children with IH where
prolongation of the PQ interval and/or first-degree AV block were observed.

Methods: Retrospective analysis of the course of propranolol treatment in children with IH who had
ECG abnormalities. ECHO and ECG were performed before propranolol administration and after
achieving the target dose of 2 mg/kg/d. Cardiological follow-up was 1-2 months after initiation.

Results: Between 2020 and 2023, 76 children with IH were treated with propranolol. Seven children
aged 2 - 11 months had ECG abnormalities. In 5 patients a PQ interval prolongation up to maximal
values for age and heart rate was observed during subsequent follow-ups at time intervals from 2.5-8.8
months after initiation on doses of 1.15 -2 mg/kg/d. First-degree AV block occurred in 2 patients. In one,
during the introduction, and persisted, despite a dose reduction to 1.2 mg/kg/d with normalization after
withdrawal. In a second patient, it was observed after 5.8 months at a dose of 1.85 mg/kg/d and
resolved after reduction to 1,09 mg/kg/d. Therapy was not discontinued in any of the patients. No
deviation of PQ interval was observed after treatment.

Conclusion: The recommendation for cardiological follow-up in children with IH on propranolol is
justified and allows observation of conduction disturbances. Prolongation of PQ is not an indication to

withdraw the therapy. Interdisciplinary cooperation with cardiologists is essential in IH treatment.

Treatment Experience for Different Risk Groups of Kaposiform Haemangioendothelioma
Miao Miao Li (Henan Provincial People's Hospital)

Purpose: Background Kaposiform haemangioendothelioma (KHE) is a rare vascular tumor with a high
risk of mortality. KHE may develop into Kasabach-Merritt phenomenon (KMP), which characterized by
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thrombocytopenia and consumptive coagulopathy, the management of KHE associated with KMP is still
challenging. Objectives To examine the clinical characteristics of patients with KHE and discuss the
treatment experience for different Risk Groups of Kaposiform Haemangioendothelioma.

Methods: Methods Retrospective review of 70 patients diagnosed with KHE between 2017 and 2022 in
our center, we classify lesions into three Clinicopathological Stages based on the tumor involving depth
and divided the severity of KHE into three levels by estimating clinicopathological stages and severity of
thrombocytopenia. Treatments of different severity groups were estimated with sufficient data.

Results: Results In our cohort, 27% were neonates, KHE lesion occurred at birth in 84% of
patients.Common clinical characteristics included a locally aggressive cutaneous blue-purple mass,
thrombocytopenia, associated coagulation disorder, local pain or joint dysfunction. 78% of our cohort
patients developed KMP, 92% patients were given surgery treatment. Patients of Low-Risk Grade (8
cases) all underwent operations, all of them recovered without recurrence after maximum of 5 years
follow-up. 25 out of 26 patients of High-Risk Grade underwent surgery treatment.32 out of 36 cases in
High-Risk Grade underwent surgery.2 cases dead at one and three months after discharge.

Conclusion: Conclusions Our study describes the largest assessment of high-risk KHE patients who have
been given an operation to date, with five years following up track of recovery, which provides an
invaluable experience for the future treatment of KHE and KMP patients from different risk groups: Early
surgical intervention may be the most definitive treatment option for most KHE patients;
Comprehensive treatment is the best choice for the most life-threatening Extremely High-Risk Group.

Different doses of sirolimus for kaposiform hemangioendothelioma: a randomized clinical trial
Jiangyuan Zhou (West China Hospital of Sichuan University); Yi Ji (West China Hospital of Sichuan
University)

Purpose: Kaposiform hemangioendothelioma (KHE) is a rare aggressive vascular neoplasm that occurs
predominantly in infancy or early childhood. Currently, sirolimus is a promising treatment modality for
KHE. Most scholars consider sirolimus blood concentration of 10-15 ng/ml to be an effective therapeutic
concentration. However, long-term higher dose of sirolimus treatment can cause some common
complications such as oral mucositis which affects the quality of life of the patient. Therefore, we
conducted this study to see if low-dose sirolimus is beneficial to the prognosis of patients.

Methods: Between 2019 and 2021, patients with KHE were clinically recruited, randomized and
followed for 1 year to compare the efficacy of different doses (low-dose group: blood concentration
maintained at 5-8 ng/mL, usual-dose group: blood concentration maintained at 10-15 ng/mL) of
sirolimus in KHE and the incidence of drug-related adverse effects.

Results: A total of 80 patients with KHE were enrolled, including 40 in the low-dose group and 40 in the
usual-dose group, with a male to female ratio of 1.3: 1. There was no significant difference in baseline
data between the two groups. After 1 year of treatment with sirolimus, 32 of 40 patients (80.0%) in the
low-dose group had an objective response, compared with 34 of 40 patients (85.0%) in the usual-dose
group (difference 5%; 95% confidence interval, -12.0-21.8). There was no significant difference in other
secondary outcome measures. During the one-year follow-up period, the frequencies of total adverse
events were lower in low-dose group (2.4 events per patient in the low-dose group vs 3.5 events per
patient in the usual-dose group).
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Conclusion: The efficacy of sirolimus in the low-dose group was noninferior to that in the usual-dose
group, while the adverse effects were lower than those in the usual-dose group.

Neurointerventional treatment of life-threatening vascular tumors in newborns

Huy M. Do (Stanford University); Mai-Thy Truong (Stanford University); Karthik Balakrishnan (Stanford
University); Ann Marqueling (Stanford University); Arjun Pendharkar (Stanford University); Andrew
Gauden (Stanford University); Joyce Teng (Stanford University)

Purpose: This abstract discusses the neurointerventional radiological approach to management and
treatment of life threatening vascular tumors of the head and neck in the newborn.

Methods: We present two rare cases of newborn patients who presented with large neck and face
congenital hemangiomas with rapid enlargement causing severe high output cardiac failure. Imaging
revealed large disfiguring hypervascular tumors with massive dilation of feeding arteries and draining
veins. Neurointerventional Radiology was consulted as part of a mulitdisciplinary team (neonatology,
dermatology, otolaryngology, hematology, and cardiology) taking care of these patients. Transarterial
embolization was invoked once these babies developed high output cardiac failure that became more
unstable with time and not responsive to optimal medical management.

Results: Embolizations with transarterial superselective microcatheterization of the multiple feeders
were performed via the umbilical artery in one baby and the femoral artery in the other. Polyvinyl
alcohol particles 300-100 microns sized embolic agents were used. Embolizations were immediately
followed by incisional biopsies by the pediatric otolaryngology service. Biopsies are consistent with
congenital hemangioma in both patients with features of Kaposiform hemangioendothelioma in one.
Both patients were treated with sirolimus. Both patients' cardiac function rapidly normalized after
embolization of their tumors. The tumors also rapidly decreased in size with clinical examination and
follow up imaging. The last folllow up clinic visits were at 8 and 6 months for both patients and both are
healthy, thriving and meeting their developmental milestones.

Conclusion: Congenital hemangiomas of the head and neck are rare. Rarer still are the ones in newborns
that rapidly grow and cause life threatening high output cardiac failure. When non-invasive medical
management has met its limits in these cases, the consultation of the neurointerventional team and
subsequent treatment with transarterial embolization are very helpful in the stabilization of tenuous
cardiac status and involution of these large tumors.

Novel Genomic Structural Variations in Angiosarcoma
Thuy Phung (University of South Alabama)

Purpose: Angiosarcomas are malignant vascular tumors with a number of known molecular aberrations
identified by standard technologies, such as FISH and next generation sequencing. However, potentially
clinically significant large genomic aberrations, such as gene fusion, large amplification and deletions,
may not be detectable by these technologies. To gain further insights into the genomic landscape of
angiosarcoma, we performed optical genome mapping (OGM) of primary human angiosarcoma cell
lines.

Methods: The genomic landscape of angiosarcoma cells were analyzed using novel optical genome

mapping (OGM) technology. Whole genomic DNA from three (3) primary human angiosarcoma cell lines
were isolated and fluorescent labels were added at a specific sequence motif. Labeled DNA molecules
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were linearized in nanochannel arrays on the chip. Changes in the patterning of the labels were
identified by software solutions to detect structural aberrations.

Results: OGM analysis of these cells revealed multiple unique structural aberrations, including large
insertions/deletions, inversions, duplications, inter-chromosomal and intra-chromosomal translocations.
Further analysis showed a 354-Kb deletion in Plexin D1 gene locus that regulates the migration of
endothelial cells and is required for normal development of the heart and vasculature; reciprocal t(4;9)
translocation in UGT8 (UDP Glycosyltransferase 8) gene locus that is involved in biosynthesis of
galactocerebrosidase; reciprocal t(6;22) translocation involving HIRA (Histone Cell Cycle Regulator) and
EYS (Eyes Shut Homolog) gene loci; and 14 Mb inversion interrupting RYR2 (Ryanodine Receptor 2) and
TAF1A (TATA-Box Binding Protein Associated Factor) gene loci.

Conclusion: These findings demonstrate the utility of optical genome mapping as a new tool to uncover
large genomic structural variations to better understand the molecular pathogenesis of malignant
vascular tumors. Future studies are aimed to determine the biological significance of these structural
variations in angiosarcoma.

Session 3: Venous Malformations

Endothelial cell-derived extracellular vesicles contribute to abnormal perivascular cell coverage by
transferring miR-4432 in venous malformations

Gao-Hong Chen (School of Stomatology, Wuhan University); Jian-Gang Ren (School of Stomatology,
Wuhan University); Gang Chen (School of Stomatology, Wuhan University)

Purpose: Venous malformations (VMs) are developmental vascular malformations characterized by
discontinuous endothelium and sparse perivascular cell coverage. Extracellular vesicles (EVs) play vital
roles in regulating vascular development and have been proven to be oversecreted in VMs. This
research aims to investigate the role of increased EV secretion in the progress of VMs.

Methods: Human umbilical vein endothelial cells (HUVECs) over-expressing TIE2-L914F and TIE2-WT
were constructed to simulate VM-ECs and normal ECs (as control). EVs were isolated from the
conditioned media and quantified with nanoparticle tracking analysis. Protein and RNA carried by EVs
were quantified with Bradford assay and ultraviolet, respectively. Differentially expressed miRNAs (DE-
miR) in EV were detected using miRNA-seq, and further validated using real-time PCR. Meanwhile, the
expression level of DE-miR in VM tissues was detected using in situ hybridization. Moreover, the effects
of TIE2L914-EV on the proliferation, migration, and adhesion of perivascular cells were investigated by
cell viability assay, transwell cell migration assay, and cell adhesion assay. MiRNA inhibitors and mimics
were employed to verify the effects of DE-miR.

Results: The total EV and EV-carried RNA amount was dramatically elevated in TIE2L914F HUVEC while
EV-carried protein level showed no significant difference. PCA and heatmap analysis of miRNA-seq
showed that the miRNA expression profile of TIE2L914F-EV was significantly different from that of
TIE2WT-EV, TIE2L914F HUVEC, and TIE2WT HUVEC. Besides, miRNA-seq analysis proved that TIE2L914F
HUVEC tended to secret more miRNAs through EVs compared to TIE2WT HUVEC, and miR-4432 was the
most significantly elevated in TIE2L914F-EV-miRNAs. VM tissue specimens presented sparse perivascular
cell coverage and increased miR-4432 expression in perivascular areas. The abilities of proliferation,
migration, and adhesion of perivascular cells were decreased after being treated with TIE2L914F-EV
whereas miR-4432 inhibitor rescued these effects.

ISSVA World Congress 2024 | 30



ISSVA World Congress 2024: The Latest in Vascular Anomalies

Conclusion: TIE2L914F HUVEC-EV carried miR-4432 contributes to the development of VMs by reducing
perivascular cell coverage.

Aggressive phenotype of blue rubber bleb naevus syndrome caused by mosaic TEK fusion | Roli Adollo
(Genetics & Genomic Medicine, UCL GOS Institute of Child Health, UK); Alicia Lopez Bruzos (Genetics &
Genomic Medicine, UCL GOS Institute of Child Health, Mosaicism & Precision Medicine Laboratory,
Francis Crick Institute, UK); Aimie Sauvadet (Genetics & Genomic Medicine, UCL GOS Institute of Child
Health, UK., Mosaicism & Precision Medicine Laboratory, Francis Crick Institute, UK); Davide Zecchin
(Genetics & Genomic Medicine, UCL GOS Institute of Child Health, UK., Mosaicism & Precision Medicine
Laboratory, Francis Crick Institute, UK); Ignacio Del Valle Torres (Genetics & Genomic Medicine, UCL GOS
Institute of Child Health, UK, Mosaicism & Precision Medicine Laboratory, Francis Crick Institute, UK);
Amir Sadri (Paediatric Plastic Surgery, Great Ormond Street Hospital for Children, London, UK); Claire
O'Neill (Paediatric Dermatology, Great Ormond Street Hospital for Children, London, UK); Lea Solman
(Paediatric Dermatology, Great Ormond Street Hospital for Children, London, UK); Mary Glover
(Paediatric Dermatology, Great Ormond Street Hospital for Children, London, UK); Veronica A. Kinsler
(Genetics & Genomic Medicine, UCL GOS Institute of Child Health, UK, Mosaicism & Precision Medicine
Laboratory, Francis Crick Institute, UK, Paediatric Dermatology, Great Ormond Street Hospital for
Children, London, UK); Satyamaanasa Polubothu (UCL)

Purpose: Blue rubber bleb naevus syndrome (BRBNS) is a rare, multisystem disorder characterised by
multifocal venous malformations (VMs) primarily affecting the skin, gastrointestinal tract and mucosal
membranes. VMs increase in number and size over time and can lead to organ dysfunction and fatal
bleeding. BRBNS is caused by double somatic mutations in TEK in 50% of patients, which encodes the
receptor tyrosine kinase Tie21. However, several patients are wild-type for these mutations; leaving the
genetic basis unsolved. The aim of this study was to identify the genetic cause of BRBNS in a patient
wild-type for known mutations, to further understand the pathobiology and identify novel therapeutic
targets.

Methods: A 6-year-old girl with aggressive BRBNS requiring fortnightly blood transfusions and long-term
therapy with thalidomide and sirolimus was recruited for genetic studies. DNA extracted directly from
affected skin was sequenced on a high-depth Next Generation sequencing panel including TEK and
associated genes. RNA from affected skin underwent paired-end RNA sequencing with bioinformatics
analysis for gene fusion transcripts. Fusions were confirmed by Sanger sequencing the cDNA across the
fusion junction. Blood DNA was sequenced in parallel.

Results: A mosaic TEK-GRAP2 fusion was detected in affected skin in two samples from discrete lesions,
confirming clonality; and found to be absent from blood confirming its somatic nature. This results in
loss of the 3' phosphorylation domain of TEK but preservation of the kinase domain, with suspected
auto-phosphorylation of the receptor tyrosine kinase, thus enhancing downstream signalling of the
resultant fusion protein. No pathogenic somatic variants in TEK were detected.

Conclusion: Here we identify a mosaic TEK-GRAP2 fusion as a novel cause of BRBNS in a patient with a
highly aggressive phenotype. In vitro modelling of this novel fusion is currently underway. This adds to
the genotypic landscape of BRBNS and may have implications for future targeted therapies.

The four clinical manifestations of verrucous venous malformation
Shih-Jen Chang (Department of Plastic and Reconstructive Surgery, Shanghai Ninth People's Hospital,
School of Medicine, Shanghai Jiaotong University); Yajing Qiu (Department of Plastic and Reconstructive
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Surgery, Shanghai Ninth People's Hospital, School of Medicine, Shanghai Jiaotong University); Rui Chang
(Department of Plastic and Reconstructive Surgery, Shanghai Ninth People's Hospital, School of
Medicine, Shanghai Jiaotong University); Lizhen Wang (Department of Pathology,Shanghai Ninth
People's Hospital, School of Medicine, Shanghai Jiaotong University); Lin Xiaoxi (Department of Plastic
and Reconstructive Surgery, Shanghai Ninth People’s Hospital, School of Medicine, Shanghai Jiaotong
University)

Purpose: Verrucous venous malformations (VVM) are rare and may not exhibit uniform clinical patterns.
Because of its diverse behavior, they are often clinically mistaken as lymphatic malformation,
angiokeratoma, etc. They are hard to diagnose clinically and diagnosis depends on pathology. Our
vascular anomalies center sees as much as 3-5 new VVM patients weekly. We have observed different
characteristics of VVM. The purpose of this study is to categorize and summarize their clinical diverse
manifestations and add to the literature.

Methods: Since 2020, patients who were suspected as VVM were registered in our internal patient data
base (Medcohort). Those who were subsequently pathologically confirmed as VVM were reviewed for
this study. Patient history, lesion photographs and natural history were reviewed and documented. We
then analyzed their pathological behavior and looked for commonalities as well as differentiations.

Results: This study consists of 49 VVM patients whose diagnosis was pathologically confirmed. All
lesions were located on the upper (n=17, 35%) or lower limb (n=32, 65%). Lesions were clinically
presented as focal (n=33, 67%) or diffuse (n= 16, 33%). Clinical manifestations included mainly a red
patch with some keratinization (n=10, 20%); significant keratinization(n=21, 43%); keratinization with
oozing, bleeding or infection (n=12, 24%); Or mainly a subcutaneous lump (n=6, 12%). Almost all
patients experienced lesion growth or keratinization.

Conclusion: According to their different clinical manifestations, VVM can be categorized into four
subtypes. This study describes the behavior and clinical manifestations of these different types of VVM.
This information provides clinicians with a better understanding of the disease in order to accurately
diagnose and treat VVM.

FIXED DOSING OF ALPELISIB IN CHILDREN: WHEN WILL THE MAGIC FADE?

Albert James Etingin (McGill University); Amandine Remy (Université de Montréal); Thomas Sonea
(Université de Montréal); Francis Fortin (Université de Montréal); Josée Dubois (CHU Ste-Justine,
Université de Montréal); Sandrine Essouri (Université de Montréal); Sandra Ondrejchak (CHU Ste-Justine);
Chantal Lapointe (Sainte-Justine University Health Center); Yves Thébret (Université de Montréal); Audrey
Denoncourt (Université de Montréal); Facundo Garcia-Bournissen (Université de Montréal); Jéréme
Coulombe (CHU Ste-Justine); Julie Powell (CHU Sainte-Justine, U of Montreal); Thai Hoa Tran (Université
de Montréal); Niina Kleiber (CHU Sainte-Justine, Université de Montréal)

Purpose: An empiric and fixed dose of 50 mg of alpelisib, irrespective of weight and age, has been FDA-
approved in PIK3CA-related overgrowth spectrum (PROS) in the absence of any pharmacokinetic (PK)
data (blood concentration determination). However, weight is highly variable in the pediatric age range
and fixed dosing may lead to highly variable blood levels (e.g., toxicity in young children). The purpose of
this study is to challenge this fixed and empiric dosing.

Methods: Drug exposure was determined with an area under the curve (AUC) (concentration
determined at time 0 and 0.5,1,1.5,2,3,6,8 hours after dose). Adverse effects (AE) were graded
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according to CTCAE grades. Insulin resistance was assessed with measurement of glucose, glycosylated
hemoglobin, and C-peptide levels. Volumetric measurements on MRI were carried out before treatment
start and compared to 6 months post-treatment.

Results: Eight patients (4 with PROS and 4 with TIE2-sporadic venous malformation) were treated
through Novartis compassionate use program. Median age was 12 years (range: 2.6-18) and median
weight was 45.4 kg (range: 15.1-92). AUC on a 50 mg oral daily dose was highly variable (range: 3036 to
16620 ng*h/mL) and inversely correlated to weight. On alpelisib, pain decreased, coagulopathy
resolved, and mobility improved. VA-lesion volume decreased by 17% after six months (p<0.05). This
decrease did not correlate to AUC. Markers of insulin resistance developed in most patients (increase in
C-peptide, pre-diabetes (n=2) and type 2 diabetes (n=1)). Other AE included stomatitis, decreased
appetite, chronic transaminitis and reduced growth velocity. The severity of AE directly correlated to
AUC.

Conclusion: Alpelisib exposure at a fixed empiric dosing of 50 mg is highly variable. Alpelisib improves
symptoms and leads to a decrease in target-VA volume, however AE significantly correlate to alpelisib
exposure. If this data is confirmed, weight-based dosing and therapeutic drug monitoring may improve
alpelisib use in children.

First In-human Clinical Experience with Direct Stick Embolization of Low-flow Vascular Malformations
with an mTOR Inhibitor

Valentina Restrepo (Yale University); Wilma Flores (Yale New Haven Hospital, Perioperative Services);
Stephanie Prozora (Yale School of Medicine; Yale New Haven Hospital); Alfred I. Lee (Yale School of
Medicine; Yale New Haven Hospital); Prashant Patel (Yale New Haven Hospital; Smilow Cancer Center,
Investigational Drug Pharmacy); Naiem Nassiri (Yale School of Medicine; Yale New Haven Hospital)

Purpose: While direct stick embolization (DSE) of low-flow vascular malformations (LFVMs) with off-
label embolotherapeutic compounds is first-line therapy, oral mTOR inhibition has become mainstay of
treatment but results in frequent blood draws, systemic toxicity, and rebound signs/symptoms upon
cessation. We, herein, present the first ever report of in-human DSE of LFVMs with an mTOR inhibitor,
thus targeting the culprit mutated pathway.

Methods: Since 2020, 33 DSE cases were performed in 25 patients with LFVMs using a patented
formulation and technique involving the intravenously compatible mTOR inhibitor Yale-OCR7737, used
as a liquid compound and later in a collagen matrix emulsion for added viscosity and intralesional
residence. Data was prospectively maintained and retrospectively reviewed for technical success
(successful intralesional delivery of compound); clinical success (improvement in signs/symptoms with
radiologically documented reduction in flow and/or volume of treated lesion); complications; side
effects; and re-interventions.

Results: From 2020 to 2023, 33 DSE cases were performed using Yale-OCR7737 in 25 patients (10[40%]
men; 15[60%] women; mean age: 28 years [range 1 -70 years]) with LFMVs involving mainly the
head/neck (48%) and limbs (40%); 88% were non-syndromic while 12% had Klippel-Trenaunay
Syndrome; 68% exhibited venous malformations, while 32% had lymphatic malformations. Yale-
OCR7737 was given as a liquid 9 (27%) times and as an emulsion 24 (73%) times. Technical and clinical
success was 100% and 93%, respectively. Mean DSE sessions per patient was 1 (range 1 to 5). Localized
intravascular coagulopathy occurred in 16 (49%) cases; D-dimer improved Post-DSE in 7 (21%) cases. No
perioperative or delayed complications occurred. Side-effects were 7 (21%) cases of self-limited
aphthous ulcers.
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Conclusion: In this first ever in-human experience with direct intralesional targeting of the culprit
mutated pathway, we demonstrate that DSE of LFVMs with mTOR inhibitors (Yale-OCR7737) can be safe
and effective. This represents the new embolotherapeutic frontier in the interventional treatment of
LFMVs.

Outcome of Bleomycin Electrosclerotherapy of Slow-Flow Malformations in Adults and Children
Moritz Wildgruber (Ludwig Maximilians Universitit Miinchen); Vanessa F. Schmidt (LMU Munich); Ozlem
Cangir (Universitédtsmedizin Greifswald); Lutz Meyer (Klinikum Eberswalde); Constantin Goldann (UK
Halle); Walter A. Wohlgemuth (UK Halle)

Purpose: To evaluate the safety and clinical outcome of Bleomycin Electrosclerotherapy (BEST) for
treating extracranial slow-flow vascular malformations.

Methods: Patient records of three Interdisciplinary Vascular Anomalies Centers were analyzed with
respect to procedural details and complications and additionally a treatment-specific, patient-reported
guestionnaire was evaluated, obtained 3-12 months after the last treatment. Consecutive patients with
symptomatic slow-flow malformations (venous malformations, VMs; lymphatic malformations, LMs;
combined malformations) treated with BEST between October 2020 and July 2023 have been included.
The treatment-specific, patient-reported questionnaire included mobility, aesthetic aspects, and pain
(using a visual analogue scale VAS) as well as the occurrence of postprocedural skin hyperpigmentation.
All outcome parameters were compared according to patients' age.

Results: In total, 325 BEST treatments were performed with different electrodes after intravenous
and/or intralesional Bleomycin injection. The mean number of procedures per patient was 1.4 (x0.7).
The total procedural complication rate was 10.8% (33/325) including 29/352 (8.9%) major
complications. Patient-reported mobility decreased in 10/133 (8.8%), was stable in 30/113 (26.5%),
improved in 48/113 (42.5%), and was rated symptom-free in 25/113 (22.1%) patients. Aesthetic aspects
were rated impaired compared to baseline in 19/113 (16.8%), stable in 21/133 (18.6%), improved in
62/113 (54.9%), and perfect in 11/133 (9.7%) patients. Postprocedural skin hyperpigmentation occurred
in 78/113 (69%) patients, remaining unchanged in 24/113 (30.8%), reduced in 51/113 (65.5%), and
completely resolved in 3/113 (3.8%) patients. Median VAS pain scale was 4.0 (0-10) preprocedural and
2.0 (0-9) postprocedural. Children/adolescents (0-15 years) performed significantly better in all outcome
parameters compared to adults (216 years) (mobility, p=0.011; aesthetic aspects, p<0.001; pain,
p<0.001).

Conclusion: BEST is an effective treatment for slow-flow vascular malformations, with few but
potentially significant complications. With respect to patient-reported outcome, children seem to
benefit better compared to older patients, suggesting that BEST should not be restricted to adults.

Ablation of Venous Malformations by Photothermal Therapy with Intravenous Gold Nanoshells
Kathleen Cullion (Boston Children's Hospital); Claire A. Ostertag-Hill (Boston Children's Hospital); Michelle
Pan (Boston Children's Hospital); Brian Timko (Tufts University); Elisa Boscolo (Cincinnati Children's
Hospital); Daniel S. Kohane (Boston Children's Hospital)

Purpose: Venous malformations (VMs) cause significant disfigurement, pain, and complications such as
bleeding and coagulopathy. Current treatment for patients with VMs entails life-long pharmacotherapy
or surgical procedures that have limited efficacy. Here, we explored whether intravenously administered
nanoparticle-based agents could be used to destroy VMs by photothermal therapy (PTT), using gold
nanoshells (AuNS) that generated heat following irradiation with near-infrared (NIR) light.
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Methods: AuNS were synthesized by galvanically reducing gold at the surface of cobalt seeds and were
characterized. Using the HUVEC-TIE2-L914F murine model of VMs, we assessed nanoparticle
accumulation within the VM and biologic effects of the photothermal therapy. Irradiation was
performed using an 808 nm NIR iodine laser.

Results: Following intravenous administration of AuNS to mice with VMs, 7.119.6 ng elemental gold/mg
of tissue was detected in VMs. VM size in response to four treatment protocols was examined: normal
saline without NIR irradiation (SAL), normal saline with NIR irradiation (SAL+NIR), AuNS without NIR
irradiation (AuNS), and AuNS with NIR irradiation (AuNS+NIR). In animals injected with SAL, VM size
increased 3-fold over 3 weeks (from 300 to 900mm3), whether or not they were irradiated. In the AuNS
group, VM size increased 2.2-fold (from 300 to 700 mm3). In contrast, in the AuUNS+NIR group, VMs
began regressing 48 h after irradiation and reduced in size greater than 17-fold, from 300mm3 to a
mean of 17.49+18.78mm3, including two VMs that were completely eliminated, which was significant
compared to SAL, SAL+NIR, AuNS groups (p<0.0004 or lower). While photothermal therapy significantly
reduced or eliminated VMs, skin burns did occur. There was no evidence of organ injury or inflammation
by laboratory data or histology.

Conclusion: This is the first demonstration of accumulation of intravenously administered nanoparticles
in VMs and of intravenously administered nanoparticles used to destroy VMs by photothermal therapy
(PTT).

Total Hip Arthroplasty in Extensive Venous Malformations with Intravascular coagulation disorder (=
IVCD): An Experience of Four Cases

Claude Laurian (St Joseph Hospital); Emma Vuilletet (St Joseph Hospital); Pomme Jouffroy (St Joseph
Hospital); Annouk Bisdorff Bresson (Hopital Lariboisiere)

Purpose: Extensive venous malformations (VM) and associated degenerative joint disease of the hip are
a rare condition. The difficulty of total hip replacement depends on tissue involvement around the joint.
To evaluate the feasibility and outcome of hip replacement in this disease.

Methods: Between 2010 and 2020, 4 patients underwent a total hip replacement (THR). Investigations
included X-ray exams, T2 MRI with fat sat saturation, and hematologic tests. The main outcome end-
points of the study were success of the procedure, post-operative complications and quality of life.

Results: Four patients underwent THR, sex ratio was (3 males, 1female) with a median age of 37 years
(range 27-55). All were symptomatic, with worsening hip pain and using mechanical aid. Mri identified
VM in muscles and connective tissue of the buttock. All had IVCD with elevated D-dimer levels (20x
normal), 2 had low level of fibrinogen all were treated with LWMH prior and after surgery. The choice of
the surgical approach depended of location of tissue involvement (anterior 2, lateral 1). Preoperative
sclerotherapy (Heated Horsley's bone wax) was needed (3 patients) before orthopedic procedure to
reduce blood loss (mean blood loss 1500ml). Intraarticular VM of the hip was never observed. The
median follow-up time was 88 months (range24 to 120). No postoperative complications were
observed. At 6 months, three patients were walking with normal gait, one was using an orthopedic
walker after knee arthrodesis. No reoperation, and no orthopedic events were observed during the
follow-up. All patients returned to their professional activities.

Conclusion: The difficulty of THR depends on the extent of involved soft tissue around the hip area.
Conventional orthopedic procedures were associated with good functional results. A surgical procedure
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scheduling including: a combined vascular and orthopedic surgical team, peroperative bone wax
sclerotherapy and prior DIVC treatment with LMWH allow to reduce surgical procedural risk.

TOTAL KNEE ARTHROPLASTY IN EXTENSIVE VENOUS MALFORMATIONS: A Single CENTER EXPERIENCE
OF 10 CASES

Claude Laurian (Saint Joseph Hospital); Emma Vuilletet (Saint Joseph Hospital); Pomme Jouffroy (Saint
Joseph Hospital); Annouk Bisdorff Bresson (Hopital Lariboisiere)

Purpose: Extensive venous malformations (VM) and associated degenerative joint disease of the knee is
not a rare condition. The difficulty of total knee replacement (TKR) depends on tissue involvement
around the joint, and on intra-articular VM with the risk of severe blood loss. To evaluate the feasability
and the functional results of the procedure.

Methods: Between 2007-2019, 10 patients with extensive VM of the limb had TKR. Investigations
included X-ray exams, T2 fat sat saturation MRI and hematologic tests. The main outcome endpoints of
the study were success of the TKR, postoperative complications and functional results.

Results: For the 10 patients, sex ratio was (8 females, 3 males) with a median age of 37 years (range 19-
63). All were symptomatic with worsening pain, use of mechanical aid, and 2 had contracture of the
knee after treatment of pathologic fracture of femoral shaft. Surgical indications were pain for 8 and
contracture of the knee for 2 patients. 4 had cure of intra-articular VM (=IAVM) and arthroplasty at the
same time, 3 had arthroplasty :2, 17 and 24 years after IAVM resection, 3 had only arthroplasty. Mean
blood loss was 1400ml. There were no postoperative complications. At six months, 8 patients were
walking with normal gait. The median follow-up time was 9 years (range 3-18). Three patients had
orthopedic events ( 2 pseudarthrosis on femoral shaft, 1 fracture above TKR).All patients had incomplete
functional result with limitation of knee flexion around of 90°.

Conclusion: The difficulty of KTR depends on the extent of involved soft tissue and intra-articular VM.
The functional result was obtained according to involvement of muscular part of the thigh and physical
reeducation. Surgical procedure scheduling should include: a combined vascular and orthopedic surgical
team and prior IVCD treatment with LMWH this allows to reduce surgical procedural risk

Two Cases of Sarcomas Misdiagnosed as Venous Malformations

Christopher R. Ingraham (University of California San Diego); Eric J. Monroe (University of Wisconsin);
Sandeep Vaidya (University of Washington); Mark Meissner (University of Washington); Rush Chewning
(University of California San Diego)

Purpose: The diagnosis of a venous malformation is typically made by history with classic imaging
features detected on MRI and ultrasound (increased T2 signal and enhancement, compressible slow-
flow vessels). However, we present two clinical cases of misdiagnosis, where history and imaging
features suggested venous malformations. However, clinical suspicion and intra-operative imaging led to
biopsy for both patients, revealing a sarcoma diagnosis.

Methods: Patient 1: 25 year-old female with left thigh pain for 10 years that was worsening. Imaging
findings suggested a venous malformation. Clinic ultrasound demonstrated a partially compressible focal
mass in her left thigh. The patient was planned for percutaneous NBCA injection, followed by resection.
Patient 2: 86 year-old male with a 3-year history of an enlarging right plantar foot mass. Upon
presentation, it had become painful and began spontaneously bleeding. MRI and ultrasound
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demonstrated findings consistent with a venous malformation. The patient was planned for
sclerotherapy followed by surgical resection and skin grafting.

Results: Patient 1: At the time of the procedure, the mass appeared like a well-circumscribed mass with
no flow and not very compressible by ultrasound. Upon excision, the surgeon was concerned that the
mass could be a tumor and the specimen was sent to pathology. Pathology demonstrated synovial
sarcoma. The patient required radiation and surgery for definitive treatment. Patient 2: After two weeks
of wound care, the bleeding decreased, but the overlying skin appeared ulcerated. The affected area
had increased in size. Tissue biopsy performed demonstrated synovial sarcoma and the patient
underwent radiation therapy followed by surgical resection and reconstruction.

Conclusion: We present two cases of synovial sarcoma that were misdiagnosed as venous
malformations upon presentation. The diagnosis of sarcoma should be considered in patients where
imaging findings may be atypical or when clinical suspicion for a different diagnosis is high. In these
clinical scenarios, biopsy should be considered.

Oncogene targeted next-generation-sequencing in extracranial arteriovenous malformations | Sarah
M. Bernhard (Division of Angiology, Swiss Cardiovascular Center, Inselspital, Bern University Hospital,
Bern, Switzerland); Aleksandra Beata Tuleja (Swiss Cardiovascular Center, Division of Angiology,
University Hospital Bern); Yvonne Déring (Division of Angiology, Swiss Cardiovascular Center, Inselspital,
Bern University Hospital, Bern, Switzerland; Institute for Cardiovascular Prevention (IPEK), Ludwig-
Maximilians-University Munich (LMU), 80336 Munich, Germany; DZHK (German Centre for
Cardiovascular Research), Partner Site Munich Heart Alliance, 80336 Munich, Germany); Erik Vassella
(Institute of Pathology, University of Bern, Bern, Switzerland); Ursula Amstutz (Institute of Pathology,
University of Bern, Bern, Switzerland); Christiane Zweier (Department of Human Genetics, Inselspital,
Bern University Hospital, University of Bern, Bern, Switzerland); Jochen Réssler (University Hospital Bern);
Laurence M. Boon (Center for Vascular Anomalies, Division of Plastic and Reconstructive Surgery,
Cliniques universitaires St-Luc, Universite catholique de Louvain, 1200 Brussels, Belgium, VASCERN VASCA
European Reference Centre); Miikka Vikkula (Human Molecular Genetics, de Duve Institute; Center for
Vascular Anomalies, Division of Pathology, University Clinics Saint-Luc, UCLouvain, Brussels, Belgium;
VASCERN VASCA European Reference Centre; WELBIO department, WEL Research Institute, avenue
Pasteur, 6, 1300 Wavre, Belgium); Fabian Haupt (Department of Diagnostic, Interventional and Pediatric
Radiology, Inselspital, Bern University Hospital, University of Bern, Bern, Switzerland); Gyérgyi Hamvas
(Division of Angiology, Swiss Cardiovascular Center, Inselspital, Bern University Hospital, Bern,
Switzerland); Rafael Kammer (Division of Angiology, Swiss Cardiovascular Center, Inselspital, Bern
University Hospital, Bern, Switzerland); Iris Baumgartner (Division of Angiology, Swiss Cardiovascular
Center, Inselspital, Bern University Hospital, Bern, Switzerland)

Purpose: Most isolated congenital vascular malformations are genetically characterized by somatic
variants in various genes. However, large clinical variability challenges the analysis of correlations
between genotype and phenotype. In sporadic extracranial arteriovenous malformation (AVM), mosaic-
activating variants in the RAS/MAPK PTEN signaling pathways have been described. Our aim was to
distinguish AVM phenotypes based on clinical and angiographic findings in relation to corresponding
pathogenic variants.

Methods: Within our prospective vascular malformation cohort, that exists since 2018 and is
continuously enrolling consecutive patients, we reviewed patients with angiographically verified AVM in
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whom a genetic study of the affected tissue using high-throughput sequencing by the TruSight Oncology
500 panel had been performed. Each patient's initial clinical evaluation, imaging and histopathologic
analysis were assessed concerning patient and family history, symptoms, longitudinal overgrowth, soft
tissue hypertrophy, angiographic classification and histology.

Results: Overall, 37 patients (18 males and 19 females) were included for analysis. Most of the AVMs
(73%) were located in the extremities. We detected known variants in MAP2K1 (n=9), KRAS (n=7),
RASA1 (n=1), but also variants in other genes of the RAS pathway (RIT1, PTPN11). We also identified
alterations in the PI3K/AKT/mTOR signaling pathway with a PIK3CA variant (n=2), and in the PTEN-
Pathway with a combination of somatic variants in PTEN and GNAQ (n=1), not yet associated with extra-
cranial AVM. Additional variants of unknown significance were detected in all patients. Comparing AVM
with KRAS variants to AVM with MAP2K1 variants, AVM with KRAS variants were more diffuse, involving
whole extremities (71% vs 22%) and were frequently associated with ulcerations (71% vs 11%) and
longitudinal overgrowth (86% vs 22%).

Conclusion: Though a larger number of cases would be required to draw definite conclusions, our study
contributes to characterizing the molecular landscape of extracranial AVMs and points to a genotype-
phenotype correlation regarding variants in MAP2K1 and KRAS.

Trametinib prevents formation of vascular lesions in a MAP2K1 p.K57N arteriovenous malformation
mouse model

Patrick Smits (Boston Childrens Hospital/Harvard Medical School); Yu Sheng Cheng (Boston Childrens
Hospital); Michal Ad (Boston Childrens Hospital); Matthew Patrick Vivero (Boston Children's Hospital);
Arin K. Greene (Boston Children's Hospital)

Purpose: Extracranial arteriovenous malformation (AVM) is caused by endothelial cell (EC) specific
somatic activating mutations in the RAS/MAPK signaling pathway. Inducing somatic expression of
MAP2K1 p.K57N, the most common AVM mutation, in murine ECs has been shown to cause AVM-like
vascular malformations most prominent in brain, and intestines. The goal of this study was to determine
if pharmacotherapy using a MAP2K1 inhibitor would prevent the formation of vascular lesions in
MAP2K1 mutant mice.

Methods: 12 R26GT-Map2k1-GFP/+; Tg-Cdh5CreER+/- mutant pups were treated topically on the dorsal
skin of the left ear with 50 pug of 4-OH-tamoxifen at postnatal day 10 (P10) to activate MAP2K1 p.K57N
expression in ECs in order to generate vascular lesions. Six mice (Group 1) were not treated with a
MAP2K1 inhibitor. Six mice (Group 2) were treated with the MAP2K1 inhibitor trametinib starting at P21
(weaning) (3 pg/ml ad libitum in drinking water). Both groups were followed for survival and
development of vascular lesions.

Results: Group 1 non-treated mice died between P30-P45. All animals contained vascular malformations
in the brain and intestines. Group 2 mice all survived long-term and were analyzed at P52 for the
presence of vascular anomalies. None of the mice treated with trametinib developed vascular
malformations.

Conclusion: A MAP2K1 inhibitor prevents formation of Map2k1 p.K57N induced vascular malformations
in mice. These findings support the use of trametinib as a treatment for patients with extracranial AVM.

Somatic RIT1 indels identified in arteriovenous malformations hyperactivate RAS-MAPK signaling and
are amenable to MEK inhibition
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Friedrich G Kapp (Division of Pediatric Hematology and Oncology, Department of Pediatrics and
Adolescent Medicine, Medical Center — University of Freiburg, Faculty of Medicine; VASCERN VASCA
European Reference Centre); Farhad Bazgir (Institute of Biochemistry and Molecular Biology I, Medical
Faculty and University Hospital, Heinrich-Heine University, Diisseldorf, Germany); Nagi Mahammadzade
(Division of Pediatric Hematology and Oncology, Department of Pediatrics and Adolescent Medicine,
Medical Center-University of Freiburg, Faculty of Medicine, University of Freiburg, 79106 Freiburg,
Germany, VASCERN VASCA European Reference Centre); Erik Vasella (Institute of Pathology and Tissue
Medicine, University of Bern, Bern, Switzerland); Yvonne Déring (Division of Angiology, Swiss
Cardiovascular Center, Inselspital, Bern University Hospital, Bern, Switzerland); Annegret Elisabeth Holm
(Boston Children's Hospital); Caroline Seebauer (University Hospital Regensburg); Axel Karow
(Department of Pediatrics and Adolescent Medicine, Friedrich-Alexander-Universitét Erlangen-Niirnberg
(FAU), D-91054 Erlangen, Germany); Natascha Platz Batista da Silva (Department of Radiology,
Regensburg University Medical Center, Franz-Josef-Strauf3-Allee 11, 93053 Regensburg, Germany);
Walter A. Wohlgemuth (Martin-Luther University at Halle, Germany); Pia Kréning (Department of
General Pediatrics, Adolescent Medicine and Neonatology, Medical Center-University of Freiburg, Faculty
of Medicine, University of Freiburg, 79106 Freiburg, Germany); Charlotte M. Niemeyer (Division of
Pediatric Hematology and Oncology, Department of Pediatrics and Adolescent Medicine, Medical Center-
University of Freiburg, Faculty of Medicine, University of Freiburg, 79106 Freiburg, Germany, VASCERN
VASCA European Reference Centre); Denny Schanze (Institute of Human Genetics, University Hospital
Magdeburg, 39120 Magdeburg, Germany); Martin Zenker (Institute of Human Genetics, University
Hospital Magdeburg, 39120 Magdeburg, Germany); Whitney Eng (Division of Hematology/Oncology,
Boston Children's Hospital and Harvard Medical School, Boston, MA, USA); Mohammad R. Ahmadian
(Institute of Biochemistry and Molecular Biology I, Medical Faculty and University Hospital, Heinrich-
Heine University, Diisseldorf, Germany); Iris Baumgartner (Division of Angiology, Swiss Cardiovascular
Center, Inselspital, Bern University Hospital, Bern, Switzerland); Jochen Réssler (Division of Paediatric
Hematology and Oncology, Department of Paediatrics, Inselspital, Bern University Hospital, University of
Bern, Switzerland)

Purpose: Arteriovenous malformations (AVM) are benign vascular anomalies prone to pain, bleeding,
and progressive growth. Treatment is often difficult and relapse after therapy is common. AVM are
mainly caused by somatic mosaicism with pathogenic genetic variants of the RAS-MAPK pathway.
However, a causative variant is not identified in all patients.

Methods: Next generation sequencing was performed on AVM tissues to identify somatic mutations.
We performed in vitro and in vivo biochemical and functional characterization of RIT1 mutations in
HEK293T cells and zebrafish, respectively.

Results: We describe novel somatic RIT1 indel variants in lesional tissue of three AVM patients. RIT1 —
not previously implicated in AVM development — encodes a RAS-like protein that can modulate RAS-
MAPK signaling. Expression of RIT1 variants in HEK293T cells led to a strong increase in ERK1/2
phosphorylation. Endothelial-specific mosaic overexpression of the RIT1 indels in zebrafish embryos
induced AVM formation. Both ERK1/2 hyperactivation in vitro and AVM formation in vivo could be
suppressed by pharmacological MEK inhibition. Targeted treatment with the MEK inhibitor trametinib
led to a significant decrease in bleeding episodes and AVM size in one patient.

Conclusion: Our findings expand the genetic spectrum of AVMs by identifying RIT1 as a novel gene
involved in AVM formation, and pave the way for targeted treatment and clinical trials in patients with
AVM.
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Clinical Response to MEK Inhibitors in Arteriovenous Malformations

Whitney Eng (Boston Children's Hospital/Dana Farber Cancer Institute); Meghan O'Hare (Boston
Children's Hospital); Caroline Johnston (Boston Children's Hospital); Melisa Ruiz-Gutierrez (Boston
Children's Hospital)

Purpose: The use of targeted medical therapies for AVM is emerging. However, data on safety, efficacy,
and optimal duration of treatment of AVMs with targeted agents is not well-established. We report our
single-institution experience of AVM patients treated with oral MEK inhibitors.

Methods: We report treatment and outcomes for 11 AVM patients treated with MEK inhibitors between
2019-2023.

Results: Ten patients with complex AVMs were evaluated by an interdisciplinary team at our center.
Patients presented with pain (n=8), bleeding (n=8), discoloration (n=7), anemia (n=1), epistaxis (n=1),
swelling (n=4), headaches (n=1), and bruit/thrill (n=3). All patients had biopsy or resection of affected
tissue; histopathology was consistent with AVM. Genetic testing of affected tissue was performed using
Oncopanel. Patients had mutations in MAP2K1 (n=3), KRAS (n=1), BRAF (n=2), HRAS (n=1), SOS1 (n=3). A
causative mutation was not able to be identified in one patient. AVM locations included: face and neck
(n=9), lower extremity (n=2). Trametinib dose ranged from 0.4 mg to 2 mg daily. Median treatment
duration16 months (range 3- 42). Five patients had marked clinical response, including improvement in
pain (n=6), size (n=6), discoloration (n=4), bleeding (n=4), and headaches (n=1). Dermatologic side
effects included acne (n=5) alopecia (n=1), eczema (n=1), paronychia (n=2), seborrheic dermatitis (n=1),
scalp dermatitis (n=1), and xerosis (n=2). Other adverse events included diarrhea (n=4), anemia (n=1),
AST elevation (n=1), CPK elevation (n=3), LDH elevation (n=1), fatigue (n=2), and creatine kinase
elevation (n=1). Three patients eventually discontinued the medication due to lymphatic leakage (n=1),
acne (n=2), edema (n=1), and paronychia (n=2).

Conclusion: Trametinib led to clinical improvement in most of our patients. Trametinib is a promising
treatment for AVMs, though the side effects were intolerable for some, highlighting the need for further
studies and the identification of other potential targeted agents.

Monocentric Pilot Trial on the use of Trametinib in refractory to standard care Arterio-Venous
Malformations: follow-up after cessation of therapy.

Julien Coulie (Cliniques Universitaires Saint-Luc); Emmanuel Seront (Cliniques universitaires Saint Luc);
Valérie Dekeuleneer (Cliniques Universitaires Saint-Luc); Frank Hammer (Cliniques Universitaires Saint-
Luc); Annouk Bisdorff Bresson (Hopital Lariboisiere); Miikka Vikkula (Human Molecular Genetics, de Duve
Institute; Center for Vascular Anomalies, Division of Pathology, University Clinics Saint-Luc, UCLouvain,
Brussels, Belgium; VASCERN VASCA European Reference Centre; WELBIO department, WEL Research
Institute, avenue Pasteur, 6, 1300 Wavre, Belgium); Laurence M. Boon (Cliniques Universitaires Saint-Luc)

Purpose: This study evaluate the long-term clinical outcomes of trametinib adult patients with
arteriovenous malformations. Initial findings demonstrated a 90% response rate, with notable
reductions in pain (90%) and swelling (80%), as well as complete radiological resolution in 20% of cases.
All patients developed acneiform rash (100%) and 40% experienced bleeding episodes. Following a one-
year trametinib treatment, patients were monitored for four additional years to assess the persistence
of trametinib's clinical effects after discontinuation. This represents an intermediary follow-up eighteen
months after treatment cessation.
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Methods: Ten adult patients received trametinib daily for a planned duration of one year (EudraCT:
2019-003573-26). Monthly clinical follow-up was conducted for the first three months, followed by
assessments every three months thereafter.

Results: Of the ten patients, five patients completed the 12-month trametinib treatment (50%), one
stopped due to a lack of clinical efficacy (10%), and four discontinued due to side effects (40%). The
average duration of trametinib use was 7.75 months (ranging from 1 week to 12 months). After
treatment cessation, patients were followed for an average of 26.7 months (ranging from 18 to 37
months). All patients experienced a gradual reduction of acneiform rash post treatment. No severe side
effects were noted during the follow-up. However, the two patients with radiological resolution
experienced a recurrence of the radiological nidus at 6 months and one year after treatment cessation.
Ulcerations that healed under trametinib did not recur. Four patients presented with progressive
evolution post treatment, with one experiencing a severe worsening of an extensive facial AVM
requiring a tracheostomy.

Conclusion: Trametinib effectively regressed symptoms and halted lesions progression in AVM patients.
However, the observed beneficial effects were not sustained after treatment cessation. Radiological
resolution was transient, emphasizing the need for further investigation into sustaining the positive
outcomes achieved during trametinib treatment.

Extracranial Vascular Anomalies Driven by RAS/MAPK Variants - Spectrum and Genotype-Phenotype
Correlations

Vanessa Franziska Schmidt (University Hospital, LMU Munich); Friedrich G Kapp (Division of Pediatric
Hematology and Oncology, Department of Pediatrics and Adolescent Medicine, Medical Center —
University of Freiburg, Faculty of Medicine; VASCERN VASCA European Reference Centre); Veronika
Vielsmeier (Regensburg University Medical Center); Caroline Seebauer (University Hospital Regensburg);
Armin-Johannes Michel (Paracelsus Medical University Hospital); Max Seidensticker (LMU University
Hospital, LMU Munich); Wibke Uller (University of Freiburg Medical Centre, Medical Faculty of the
University of Freiburg); Beate Hdberle (LMU University Hospital, LMU Munich); Denny Schanze
(University Hospital Magdeburg); Jens Ricke (LMU University Hospital, LMU Munich); Melanie A. Kimm
(LMU University Hospital, LMU Munich); Walter A. Wohlgemuth (Martin-Luther University at Halle,
Germany); Martin Zenker (University Hospital Magdeburg); Moritz Wildgruber (Ludwig Maximilians
Universitdt Miinchen)

Purpose: We aimed to correlate alterations in the RAS/MAPK pathway in vascular anomalies to clinical
phenotype and therapy response for improved patient stratification and treatment.

Methods: This retrospective multicenter cohort study included 29 patients with extracranial vascular
anomalies containing mosaic pathogenic variants (PVs) in genes of the RAS/MAPK pathway. Tissue
samples were collected during invasive treatment or clinically indicated biopsies. PVs were detected by
targeted sequencing of panels of genes known to be associated with vascular anomalies was performed
on DNA from affected tissue. Subgroup analyses were performed according to the affected genes with
regard to phenotypic characteristics and clinical course.

Results: Twenty-five vascular malformations, three vascular tumors, and one patient with both a
vascular malformation and vascular tumor presented the following distribution of PVs in genes: KRAS
(n=10), NRAS (n=1), HRAS (n=5), BRAF (n=8), and MAP2K1 (n=5). AVM patients with RAS PVs had
significantly advanced disease stages according to Schobinger classification (p=0.043) and more frequent
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relapses after treatment (p=0.016). Lesions with KRAS PVs infiltrated significantly more tissue layers
compared to the other PVs (including other RAS PVs, p=0.046).

Conclusion: This direct comparison of patients with various PVs in the genes of the RAS/MAPK pathway
reveals a broad distribution of clinical and radiological characteristics in extracranial vascular anomalies.
RAS variants are characterized by more aggressive clinical phenotypes with higher relapse rates,
potentially requiring individualized treatment strategies according to the underlying PV.

The VASCERN-VASCA Working Group Diagnostic and Management Pathways for Arteriovenous
Malformations

Julien Coulie (Cliniques Universitaires Saint-Luc); Rune Andersen (Oslo Universitetssykehus); Maria Barea
(VASCAPA, Patient Organization for Vascular Anomalies, Belgium); Eulalia Baselga (Department of
Dermatology. Hospital Sant Joan de Deu); Miguel Bajarano (Pediatric Dermatology and plastic surgery,
Hospital Sant Joan de Deu, Barcelona, Spain); Sigurd Berger (Oslo Universitetssykehus, Oslo, Norway);
Annouk Bisdorff Bresson (Hopital Lariboisiere); olivia boccara (Necker Hospital); Petra Borgards
(Bundesverband Angeborene Gefféssfehbildungen e.V., Patient Organization for Vascular Anomalies,
Germany); Maria Bon Sucesso (Centro Hospitalar Universitario de Sao Joao, Portugal); Laurence M. Boon
(Cliniques Universitaires Saint-Luc); Andrea Diociaiuti (Bambino Gesu Children's Hospital); Veronika
Dvorakova (Pediatric Dermatology, Children's Health Ireland, Clinical Medicine, Trinity College, Dublin
Ireland.); May El Hachem (Bambino Gesu Children's Hospital); Sofia Frisk (Department of Clinical
Genetics, Karolinska University Laboratory, Karolinska University Hospital, Stockholm, Sweden.); Nader
Ghaffarpour (Dept. of Pediatric Surgery, Karolinska University Hospital); Paolo Gasparella (Medical
University Graz); Emir Haxhija (Medical University of Graz); Annegret Holm (Division of Pediatric
Hematology and Oncology, Department of Pediatrics and Adolescent Medicine, Medical Center -
University of Freiburg, Faculty of Medicine, University of Freiburg, 79106 Freiburg, Germany); Thomas
Hjuler (Rigshospitalet — Copenhagen University Hospital, Copenhagen, Denmark.); Alan D. Irvine
(Pediatric Dermatology, Children's Health Ireland, Clinical Medicine, Trinity College, Dublin Ireland.);
Mikkel Kaltoft (Rigshospitalet — Copenhagen University Hospital, Copenhagen, Denmark.); Friedrich G.
Kapp (Division of Pediatric Hematology and Oncology, Department of Pediatrics and Adolescent
Medicine, Medical Center - University of Freiburg, Faculty of Medicine, University of Freiburg, 79106
Freiburg, Germany); Kristiina Kyrklund (Department of Pediatric Surgery, HUS Rare Disease Center,
Helsinki University Hospital and University of Helsinki, Helsinki, Finland); Antonio Miguel Madureira
(Centro Hospitalar Universitario de Sao Joao, Portugal); Darius Palionis (Vilnius University Hospital
Santaros Klinikos, Vilnius University, Vilnius, Lituania); Pdivi Salminen (Department of Pediatric Surgery,
Helsinki University Hospital); Birute Vaisnyte (Vilnius University Hospital Santaros Klinikos, Vilnius
University, Vilnius, Lituania); Carine van der Vleuten (Department of Dermatology, Hecovan Expertise
Centre for Hemangioma and Vascular Anomalies, Nijmegen, The Netherlands); Leo Schultze Kool
(Vascular Malformation Center, Radboud University Medical Center, The Netherlands); Miikka Vikkula
(Human Molecular Genetics, de Duve Institute; Center for Vascular Anomalies, Division of Pathology,
University Clinics Saint-Luc, UCLouvain, Brussels, Belgium,; VASCERN VASCA European Reference Centre;
WELBIO department, WEL Research Institute, avenue Pasteur, 6, 1300 Wavre, Belgium)

PURPOSE: To elaborate on expert consensus patient pathways to guide patients and physicians towards
efficient diagnostics and management of patients with arteriovenous malformations (AVMs).

METHODS: VASCERN-VASCA (https://vascern.eu/) is a European network of multidisciplinary centers for
Vascular Anomalies. The Nominal Group Technique was used to establish the pathways. A plastic
surgeon (JC) was chosen as facilitator due to his specific clinical and research interest and experience.
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The draft was subsequently discussed within VASCERN-VASCA monthly virtual meetings and bi-annual
face-to-face meetings during 2022 and 2023.

RESULTS: The Pathway delineates a classification system for AVMs, beginning with a subdivision based
on clinical manifestations or anatomical positioning. AVMs are categorized based on associated clinical
signs into three groups: hereditary syndromic AVMs (1), sporadic syndromic AVMs (2), or sporadic non-
syndromic AVMs (3). Hereditary syndromic AVMs include hereditary hemorrhagic telangiectasia (HHT)
(1A), capillary malformation-arteriovenous malformation (CM-AVM) (1B), and PTEN hamartoma tumor
syndrome (PHTS) (1C). Sporadic syndromic AVMs encompass patients with Parkes-Weber syndrome
(PKWS) (2A), cerebrofacial arteriovenous metameric syndrome (CAMS) (2B), or spinal arteriovenous
metameric syndrome (SAMS) (2C). Sporadic non-syndromic AVMs are further classified by location:
central nervous system (CNS) either intracranial (3A) or spinal (3B), visceral or intrapelvic (3C), and
peripheral (3D). The pathway examines specific clinical indicators and recommends diagnostic
modalities for each AVM subtype. It also cites known genetic mutations and outlines treatment
approaches for each AVM subtype.

CONCLUSION: Collaborative efforts from VASCERN-VASCA's network of 14 Expert Centers and European
Patient Advocacy Group resulted in a consensus Diagnostic and Management Pathways for AVMs to
assist clinicians and patients alike. The pathway underscores the crucial role of multidisciplinary expert
centers in the management of AVM patients to offer precision-based care. It will be accessible on the
VASCERN website (http://vascern.eu/).

Thalidomide as (neo-)adjuvant treatment to reduce postoperative recurrence of extracranial
arteriovenous malformations.

Julien Coulie (Cliniques Universitaires Saint-Luc); Valérie Dekeuleneer (Cliniques Universitaires Saint-Luc);
Emmanuel Seront (Cliniques universitaires Saint Luc); An-Katrien De Roo (Cliniques Universitaire Saint-
Luc); Dana Dumitriu (Cliniques Universitaires Saint-Luc); Frank Hammer (Cliniques Universitaires Saint-
Luc); Liliane Marot (Cliniques Universitaires Saint-Luc); Nicole Revencu (Cliniques Universitaires Saint-
Luc); Pascal Brouillard (UCLouvain); Miikka Vikkula (Human Molecular Genetics, de Duve Institute; Center
for Vascular Anomalies, Division of Pathology, University Clinics Saint-Luc, UCLouvain, Brussels, Belgium;
VASCERN VASCA European Reference Centre; WELBIO department, WEL Research Institute, avenue
Pasteur, 6, 1300 Wavre, Belgium); Laurence M. Boon (Cliniques Universitaires Saint-Luc)

Purpose: Thalidomide, a non-specific VEGF inhibitor renowned for its anti-angiogenic and anti-
inflammatory effects, has exhibited important efficacy in treating patients with arteriovenous
malformations (AVMs) refractory to conventional therapies. Given the common occurrence of post-
operative recurrences within the first year following AVM surgery, we postulated that incorporating
(neo-)adjuvant thalidomide treatment could effectively reduce early recurrences of these fast-flow
vascular malformations.

Methods: Since 2020, we have operated on 10 AVMs at our Center for Vascular Anomalies. Thalidomide
was administered either before and/or after the operation, with a standardized dose of 50 mg per day.

Results: We included 10 patients, 7 males and 3 females. The median age was 31.7 years old (ranging
from 13.8 to 55.2 years). All had stage 3 AVMs, predominantly located in the head and neck region
(8/10). Thalidomide initiation occurred either 5 months prior to surgery (range: 1 to 11 months) or on
the day following the operation, continuing for a mean duration of 7.5 months (range: 1 to 24 months).
One patient exhibited early recurrence after 5 months but remained asymptomatic under thalidomide.
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The mean follow-up duration was 23,2 months (range: 10 to 40 months), excluding one patient who
underwent surgery in August 2023. No post-operative complications were observed.

Conclusion: Patients undergoing thalidomide treatment before surgery as a neoadjuvant therapy
reported significant preoperative clinical improvement, manifested by a reduction in pulsatility or pain,
confirming thalidomide's efficacy on extracranial AVMs. The antiangiogenic property of thalidomide did
not cause any healing problems in the post-operative phase, indicating its safe use in the peri-operative
setting. Within our limited series, we encountered only one early postoperative recurrence. We
anticipate that these promising initial findings, from the combination of surgical resection and peri
/postoperative thalidomide administration will be substantiated through an extended follow-up of at
least five years.

Differential diagnosis of arteriovenous malformation and capillary malformation-arteriovenous
malformation syndrome using two-dimensional and three-dimensional ultrasound

Xia Gong (Shang Ninth Peoples' Hospital); Ping Xiong (Shanghai Ninth People's Hospital, School of
Medicine, Shanghai Jiaotong University); Jia Li (Shanghai Ninth People's Hospital, School of Medicine,
Shanghai Jiaotong University)

Purpose: This study evaluated two-dimensional and three-dimensional ultrasound (US) features of
arteriovenous malformation (AVM) and capillary malformation-arteriovenous malformation syndrome
(CM-AVM), to make differential diagnosis.

Methods: Between January 2020 and October 2023, 103 cases CM-AVM and 105 AVM (45 early stage,
60 advanced) cases were reviewed. US findings were retrospectively evaluated. On US images, the
depth, echotexture, echogenicity, margin, vessel density, blood flow velocity and three-dimension
ultrasound pattern were recorded.

Results: AVM lesions were mixed echoic with hyper-echo and many visible vessels mainly with ill-
defined. CM-AVM lesions were hyper-echo with ill-defined, sometimes showed visible vessels. There
were statistical significances in the depth, diameter of anechoic lumen, vascular density, and arterial
peak systolic velocity (p < 0.05), and AVM was all significantly higher than CM-AVM. The resistance index
of CM-AVM was significantly increased compared with AVM. The three-dimension color Doppler
revealed branch-shape blood flow for AVM. CM-AVM showed scattered streaked blood flow. Compared
with early stage of AVM and CM-AVM, early stage of AVM showed more anechoic lumens than CM-
AVM, the vascular density of early stage of AVM lesions are higher than CM-AVM (p < 0.05).

Conclusion: CM-AVM and AVM have distinctive two-dimensional and three-dimensional US imaging
characteristics, and US has important value in distinguishing between two diseases.

The Sandwich Neoadjuvant+Adjuvant use of Bleomycin and Surgery for Limited S3 AVMs of the head
and neck

Giacomo Colletti (Associate Professor of Cranio-Maxillo-Facial Surgery, uniMORE, Italy); Linda Rozell-
Shannon (Vascular Birthmarks Foundation); Sara Negrello (Consultant in CranioMaxilloFacial Surgery @
uniMORE, Italy); Giangiacomo Sanna (Resident in CranioMaxilloFacial Surgery @ uniMORE, Italy);
Gregory Levitin (PHM2016); Luigi Chiarini (Full Professor in CranioMaxilloFacial Surgery @ uniMORE,
Italy)

Purpose: Tailored treatment is often advisable with AVMs, and a clinical staging system can guide the
management. SECg staging system is the Authors' preferred staging system. S3 AVMs can be removed
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surgically but at the cost of functional or aesthetic impairment. Bleomycin has previously been studied
in the management of AVMs. To minimise the detriments owed to radical surgery we have conducted a
pilot study where bleomycin was used in a "sandwich" manner, before and after surgical remodelling
(partial resection) S3 AVMs.

Methods: This was a prospective pilot study based on 14 patients affected by head and neck AVMs
managed in the period February 2021 to June 2023. Inclusion criteria were: - patients older than 18
years; - S3 AVM, regardless of stages E, C or g; - no history of previous treatments; - no contraindications
to the use of bleomycin. Patients underwent 3 sessions of interstitial bleomycin injections, with an
interval of 4 to 6 weeks. After that, surgical resection of the AVM was performed with morphological
intents. Three months after surgery, 3 more sessions of interstitial bleomycin injections, 4 to 6 weeks
apart from one another, were done. US examination was done pre-treatment, before each session and
every 3 months after the end of the protocol. A chest Xray was done before commencing the treatment
and at the end of it.

Results: There were no major complications and 2 minor complications. One patient responded poorly
to the first 3 bleomycin injections and the protocol was interrupted. Major improvements in terms of
appearance and symptoms were always achieved. Total or near-total symmetry was restored, while
pulsations, ulcerations, bleeding, or pain disappeared.

Conclusion: This is the first study where bleomycin was used in a "sandwich" manner with surgery to
manage limited S3 AVMs. Data are encouraging and may suggest this as an ideal protocol in selected
cases.

Research and Development of Novel Image-guided Ethanol Injection: Pre-clinical Investigations, and
Clinical Application in Vascular Malformation.

Yuchen Shen (Shanghai Ninth People's Hospital); Lixin Su (Shanghai Ninth People's Hospital); Deming
Wang (Shanghai Ninth People's Hospital); Xindong Fan (Shanghai Ninth People's Hospital)

Purpose: Clinically, absolute ethanol (EtOH) has achieved satisfactory prognoses in the endovascular
therapy of vascular malformations. Given ethanol's radiolucency, improper injection of high-
concentration ethanol could bring about serious complications. Our study aimed to introduce a novel
image-guided ethanol injection (IEI) for treating vascular malformations and evaluate its efficacy and
safety in both animal and human subjects.

Methods: lopromide is mixed with ethanol to achieve radiopacity and improve the physicochemical
properties of the solution. Overall, 82 male New Zealand white rabbits are selected for in vivo
radiopacity testing, peripheral vein sclerosis, pharmacokinetic analyses, peripheral artery embolization,
kidney transcatheter arterial embolization, and biosafety evaluations. Then, a prospective cohort study
involving six patients with peripheral venous malformations (VMs) is performed to explore the clinical
safety and effectiveness of IEl.

Results: IEl contained 642.3 mg/mL ethanol (81.4% [v/v]) and 231.2 mg/mL iopromide, with an iodine
concentration of 111.3 mg/mL. The viscosity of IEl was 3.6 mPa.s in 25°C and 2.6 mPa.s in 37°C
compared with the EtOH's 1.1 mPa.s in 25°C and 0.8 mPa.s in 37°C. IEl can be traced throughout the
injection in both animals and patients. The IEl also exerts a similar effect as EtOH on peripheral venous
sclerosis, peripheral arterial embolization, and renal embolization. Furthermore, the IEIl is metabolized
quickly without causing organ injury in the animals. No |El-related adverse effects have occurred during
sclerotherapy of VMs, and 4/6 (66.7%) patients have achieved complete response at 3-month follow-up.
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Conclusion: IEl possessed the following properties: 1) being visible under X-ray; 2) minimizing the
patient's iodine intake; 3) maximizing the effective ethanol content; 4) possessing excellent stability. In
comparison with EtOH, IEl allowed clinicians to supervise the whole injection process in real-time and to
adjust the injection speed. In conclusion, IEl is safe, exerts therapeutic effects, and compensates for the
radiolucency of EtOH.

Ethanol Embolotherapy Management of Pelvic Arteriovenous Malformations (AVM)
Wayne Yakes (Vascular Malformation Center)

Purpose: To determine the curative role of ethanol endovascular and/or ethanol coils in the treatment
of large pelvic arteriovenous malformations (AVMs).

Methods: 48 patients (25 females; 23 males; age range: 4 - 86 years; mean age: 37 years) underwent
315 endovascular procedures (6.5 procedure/patient) to treat their pelvic AVMs. 2 patients had bilateral
pelvic AVMs (1 male; 1 female). 2 patients had traumatic lesions (2 males). Patients underwent
transarterial, retro-grade transvenous, and direct puncture embolization procedures. Embolic agents
included absolute ethanol and coils, at times in combination.

Results: 41 patients cured of their pelvic AVM (mean follow-up: 43 months) and 7 patients' treatments
are on-going. Pelvic AVMs were cured by using ethanol, coils, or in combination. The addition of coils
was particularly useful in those AVMs with aneurysmal venous outflows and in those AVMs with giant
venous aneurysms. 3 patients suffered transient sciatic nerve injuries. 1 patient suffered an ipsilateral
perineal numbness that completely resolved. 4 instances of perineal blistering and tissue injury with one
injection, was treated uneventfully. 1 patient had a rectal wall injury requiring bowel diversion, and after
healing, underwent re-anastamosis. 1 elderly patient died within 30 days of a 4th procedure from
pulmonary embolus (PE). 1 patients coils eroded thru bladder wall and endoscopically removed. 1
patient had a small bleed that was self-limited not requiring transfusion.

Conclusion: Endovascular approaches to manage pelvic AVM have proven to be curative at long-term
follow-up. In our cases, surgery adjunctively to remove the AVM has not been required. Despite
previous embolizations with coils, glue, Onyx, and surgical ligations prior to being referred to our
institution, endovascular and direct puncture approaches using ethanol, ethanol and coils, has proven to
curatively manage pelvic AVMs involving soft tissue and bone with low complication rates and no
recurrences. The longest arteriographic follow-up documenting cure is 24 years.

Session 5: Lymphatic Malformations

Assessing pharmacological inhibition and defining pathogenesis in KRAS-driven zebrafish lymphatic
malformation models

Scott M. Paulissen (NIH/NICHD); Dhyanam Shukla (NIH/NICHD); Benjamin Sempowski (NIH/NICHD);
Gennady Margolis (NIH/NICHD); Ryan Dale (NIH/NICHD); Sarah Sheppard (NICHD)

Purpose: RASopathies are caused by pathogenic variants that upregulate the RAS-MAPK pathway. A
common feature is lymphatic dysfunction. Previously, we identified somatic pathogenic variants in KRAS
in individuals affected with central conducting lymphatic anomaly and demonstrated they activate
MAPK. In vitro and in vivo. Single case studies using inhibitors of KRAS effectors, MEK and ERK, have had
mixed success in humans. Thus, the purpose of this study is to establish additional zebrafish lymphatic
anomaly models, define disease progression, and identify therapeutic treatments for individuals
affected with KRAS-related CCLA.
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Methods: Using transient transgenesis in zebrafish larvae, we created models of lymphatic
malformations driven by pathogenic variants in KRAS identified in research participants (p. G12D,
p.A146T, p.G12C). We used live confocal imaging, drainage assays, RNA-seq and pharmacological
inhibition to understand and treat overactivated-KRAS driven lymphatic anomaly.

Results: KRAS p. G12D, p.A146T, p.G12C zebrafish models impact lymphovenous development including
pericardial edema (68.8%, 24.6%, 29.6% occurrence, respectively) and cystic lymphovenous
malformations (65.6%, 70.6%, 42.9% occurrence, respectively). Although the lymphatic and axial
vasculature appear fused, preliminary lymphatic drainage assays demonstrate these vessels retain some
specialized circulatory/drainage function. Gene ontology analysis of RNA-seq from 5 days post
fertilization, KRAS-expressing larvae show upregulation of angiogenesis, Ras signaling, and endothelial
migration associated genes. These include angpt2a and gnal4, notchl and dll4. Though angiogenesis
genes were normalized by MEK inhibitor cobimetinib, downregulation is incomplete, leaving gnal4, and
notchl upregulated. This suggests that inhibition of Notch and alternative Ras-signaling pathways may be
therapeutic targets. Furthermore, preliminary studies demonstrate increased efficacy of allele specific
KRAS inhibitors compared to MEK inhibition.

Conclusion: Our zebrafish models show that angpt2a and gnal4 are upregulated, enhancing
understanding of KRAS pathogenesis and indicating these could be biomarkers for future clinical trials.
Future work targeting prospective dysregulated pathways will identify additional clinical therapies.

A high throughput zebrafish chemical screen identifies Pan-AKT and tyrosine kinase as novel candidate
treatment for Kaposiform Lymphangiomatosis (KLA)

Ivan Bassi (Weizmann Institute of Science, Rehovot, Israel); Amani Jabali (Tel-Aviv University, Israel);
Shany Egozi (Weizmann Institute of Science, Rehovot, Israel); Naama Farag (Sheba Medical Center,
Israel); Noga Moshe (Weizmann Institute of Science, Rehovot, Israel); Gil S. Leichner (Sheba Medical
Center); Jonathan Long (Weizmann Institute of Science); Lotan Levin (Sheba Medical Center); Karina Yaniv
(Weizmann Institute of Science, Rehovot, Israel); Shoshana Greenberger (Sheba Medical Center)

Purpose: Current pharmaceutical treatments for KLA have led to clinical improvement; however
currently there is no cure for the disease. In recent years, a somatic activating mutation in NRAS (Q61R)
in the lymphatic endothelial cells was identified as the disease cause. Therefore, we aimed to develop a
zebrafish model of the disease in order to characterize the disease pathogenesis and identify new drug
treatments by a high throughput zebrafish chemical screen.

Methods: We established two zebrafish transgenic lines in order to model KLA. Cconfocal imaging of
developing zebrafish larvae were used to characterize the mutant phenotypes. In addition, we
performed a focused drug screen based on canonical and non-canonical NRAS downstream targets.
Images were automatically analyzed using Artificial intelligence-based Application. Hits were validated
using zebrafish confocal microscopy, as well as immunoblotting and sprout assays on patients'
endothelial lymphatic cells.

Results: The two zebrafish models reproducibly recapitulate the phenotype of KLA. Expression of
mutated NRAS in the venous/lymphatic endothelium leads to pronounced pericardial edema, a
phenotype largely associated with lymphatic defects in zebrafish. Confocal imaging showed bloating of
the thoracic duct as well as severe morphological changes in intersegmental lymphatic vessels and the
Posterior Cardinal vein (PCV). Trametinib, a MEK inhibitor, effectively reverted the Q61R mutation
lymphatic phenotypes, both in terms of the bloated TD and the pericardial edema, in a dose-dependent
manner. Overall, 130 drugs were tested, and 36 hits were identified, including receptor tyrosine kinase,
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PI3K, and MEK inhibitors. GSK690693, a pan-AKT inhibitor, and Cabozantinib, a tyrosine kinase inhibitor,
were further verified to revert the lymphatic phenotype, normalize patient's lymphatic endothelial cell
sprouting, and block NRAS downstream pathways.

Conclusion: NRAS Q61R zebrafish models recapitulate KLA clinical features. Using this model, we
established a pipeline for automated in vivo high-throughput KLA drug screening. Our analyses identified
new therapeutic candidates for KLA.

Hyperactive KRAS/MAPK signaling disrupts normal lymphatic vessel architecture and function
Michael Dellinger (UT Southwestern Medical Center)

Purpose: Complex lymphatic anomalies (CLAs) are sporadically occurring diseases caused by the
maldevelopment of lymphatic vessels. We and others recently reported that somatic activating
mutations in KRAS can cause CLAs. However, the mechanisms by which activating KRAS mutations cause
CLAs are poorly understood. Here, we report that inhibition of MAPK signaling in lymphatic endothelial
cells (LECs) suppresses changes caused by active KRAS.

Methods: Lyvel-Cre mice were used to express an active form of KRAS (KRASG12D) or a dominant-
negative form of MEK1 (Map2k1K97M) in LECs. Immunostaining was performed to visualize lymphatic
vessels in tissue samples. Lentivirus particles were used to express GFP (vector control) or KRASG12D in
primary human LECs. MTS assays were performed to assess cell proliferation and scratch assays were
performed to assess cell migration. Changes in cell signaling were analyzed by immunoblotting and
changes in gene expression were analyzed by RNA sequencing.

Results: We found that hyperactive KRAS signaling in LECs during embryonic development impaired the
development of lymphovenous valves and led to the formation of enlarged lymphatic vessels.
KRASG12D caused morphologic changes to LECs and stimulated their proliferation and migration.
Expression of KRASG12D in LECs also stimulated PI3K/AKT and MAPK signaling and decreased the
expression of genes that regulate the maturation of lymphatic vessels. To determine the effect of
MEK1/2 inhibition on these phenotypes, cells were treated with trametinib. Trametinib decreased
KRASG12D-induced changes in cell morphology, proliferation, and migration. It also decreased MAPK
signaling and increased the expression of genes that regulate the maturation of lymphatic vessels.
Blockade of MAPK signaling by expressing Map2k1K97M in LECs also suppressed KRASG12D-induced
lymphatic vessel hyperplasia in embryos.

Conclusion: Our results suggest that one mechanism by which hyperactive KRAS/MAPK signaling causes
lymphatic malformations is by inhibiting the maturation of lymphatic vessels. Taken together, our work
further supports the testing of MEK inhibitors in CLA patients.

Precision Engineering of Patient-Specific Lymphatic Malformation Models Reveals Alpelisib
Responsiveness and Unveils Non-Hot Mutations in the PI3K/Akt/mTOR Pathway

Yarelis Gonzalez-Vargas (Georgia Tech); Greta Hiehle (Georgia Institute of Technology); Katie Skinner
(Emory University); Jennifer Spangle (Emory University School of Medicine); Andrew Hong (Emory
University School Of Medicine); Matt Hawkins (Children's Healthcare of Atlanta); J. Brandon Dixon
(Georgia Institute of Technology)

Purpose: We aimed to determine the impact of non-hotspot mutations (NHMs) in lymphatic

malformation (LM) progression, recurrence, and drug resistance. Despite the approval of alpelisib for
pik3ca-related overgrowth, patient heterogeneity and mosaicism can limit the response to treatment.
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Using a precision medicine approach, we reverse-engineered patient-matched LM organoids (LMOs) for
in-vitro testing. Our goal was to isolate patient-specific cell lines, collect genomic data, and assess their
responses to PI3K/Akt/mTOR inhibitors. This study emphasizes the importance of exploring NHMs in
LMs and their potential implications in alpelisib treatment.

Methods: LM biopsies were expanded using hydrogels and lymphatic endothelial cells (LECs) were
generated, followed by whole-exome and scRNA-seq. LMOs were formed from 3,000 LECs and
embedded in sprout-inducing hydrogels. LMOs were treated with alpelisib (24uM), sirolimus (16uM), or
vehicle control for 24h. Confocal microscopy was used to capture live/dead staining and branching data.
Regression percentages were calculated, and the groups were compared using two-tailed unpaired t-
tests.

Results: Treatment with sirolimus and alpelisib did not significantly affect the viability of LMOs, with
most cell death occurring at the center of the organoid. Alpelisib treatment resulted in significantly
higher sprout regression than sirolimus treatment for LMO3 (p<0.05) and 6 (p<0.01). Alpelisib did not
significantly regress LMO5 sprouts. LMO3 exhibited over-proliferation and increased live-cell marker.
Enrichment of LEC subtypes was characterized by scRNA-seq. Whole-exome sequencing identified 30
variants, including missense 1391M in the kinase domain of pik3ca in LMO3, and 6. Shared NHMs (47%
overlap) were also found in pik3cb, tp53, map3k1, pik3r2, and flt4.

Conclusion: We highlighted the presence of NHMs in patient cell lines and demonstrated a higher
alpelisib regression response in samples with 1391M in pik3ca. This in vitro platform effectively
discerned drug responses, linking treatment responses to a more complex LM genetic background,
which could help predict the patient's treatment response and disease outcomes.

The Antenatal and Perinatal Management of Fetuses with Extensive Lymphatic Malformations
Paolo Campisi (University of Toronto); Yada Kunpalin (University of Toronto); Tim Van Mieghem
(University of Toronto); Joao Amaral (University of Toronto); Dilkash Kajal (University of Toronto); Greg
Ryan (University of Toronto); Manuel Carcao (University of Toronto)

Purpose: To review fetuses with extensive lymphatic malformations (LMs) detected in-utero in whom
consideration was given to life saving procedures (e.g. ante- and/or postnasal sirolimus, ex-utero
intrapartum treatment (EXIT) to establish an airway, in-utero transfusions or amnioreduction).

Methods: A retrospective review of cases presenting between 2007 and 2023 to a regional fetal care
centre with antenatally diagnosed extensive LMs of the head and neck (H&N), chest or extremities.

Results: N=18 fetuses with extensive LM involving the H&N (n=9), chest (n=7) and extremities (n=2)
were managed. H&N: 9 fetuses had H&N LMs that varied in maximum estimated size between 133 and
1157 mL. Two of the 5 mothers with polyhydramnios required amnioreduction; 1 fetus required in-utero
transfusion. Antenatal sirolimus was administered to 2 mothers; reducing the final estimated LM
volume. There was 1 intrauterine death. An EXIT procedure was required in 6 of the remaining 8 fetuses.
There were 2 additional deaths (during EXIT and postnatal withdrawal of care ). Of the 5 neonates who
survived, a tracheostomy was required in 4. All survivors received and responded to sirolimus and
sclerotherapy. Chest: 7 fetuses had LMs of the chest wall that varied in estimated size between 38 and
360 mL. Polyhydramnios was present in 3; one required amnioreduction; another in-utero transfusions.
One suffered an intrauterine death. 3/6 surviving fetuses received sirolimus and sclerotherapy.
Extremities: 2 fetuses had extremity LMs that varied in size between 80 and 183 mL. In both cases,
families chose termination of pregnancy.
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Conclusion: Extensive LMs that are detectable antenatally require intervention especially when the
airway is compromised. Typically, an EXIT procedure and eventual tracheostomy are required for
survival for those with extensive H&N LM. Antenatal and early postnatal sirolimus may promote earlier
regression of the malformation potentially allowing fetuses to survive with improved functional
outcomes.

Predicting postnatal outcomes and therapeutic needs by combining pre- and post-natal imaging
characteristics and clinical data in patients with neck lymphatic malformations versus cystic tumors
Monica Mary Matsumoto (University of Pennsylvania); Anne Marie Cahill (Children's Hospital of
Philadelphia); Deborah M. Zarnow (Children's Hospital of Philadelphia); Seth Vatsky (Children's Hospital
of Pennsylvania); Abhay Srinivasan (Children's Hospital of Philadelphia); Denise M. Adams (CHOP);
Tamara Feygin (Children's Hospital of Philadelphia)

Purpose: This study aims to (1) analyze MR imaging characteristics as predictors of lymphatic
malformations (LMs) versus cystic tumors (e.g., teratomas), and (2) determine imaging risk factors
associated with both invasive airway management at birth and requirements for more immediate
therapeutic intervention.

Methods: A single-center 3-year retrospective analysis of prenatal fetal MR studies in patients with
cystic neck masses was performed. 43 prenatal MR studies were included, and the imaging features
evaluated were: macro/microcystic content, intra-cystic blood-fluid levels, calcification, tongue invasion,
esophageal and tracheal compression/deviation, pattern of extension (invasion vs displacement), and
mediastinal involvement. Postnatal clinical data, including delivery notes, post-natal MR imaging, and
laryngoscopy results, were analyzed.

Results: The cohort comprised 37 LMs (86%) and 6 cystic teratomas (14%). Mean gestational age at time
of prenatal diagnostic imaging was 29 weeks 3 days (range:19w 4d - 37w), and mean age at time of the
postnatal MR imaging was 4 days. Imaging features for distinguishing between LMs and cystic tumors
were: (1) pattern of lesion extension, specifically invasion (LM 96%) vs distortion (teratoma 100%); (2)
tongue invasion (80% LM, 0% teratoma); and (3) presence of blood-fluid levels (60% LM, 13% teratoma).
The pre-natal features most associated with invasive airway management (intubation/tracheostomy) at
birth were: (1) tracheal compression (32.5% LM, 100% teratoma) and (2) tongue invasion (39%
intubated) (Fig. 1). Neonatal interventions occurred in 65% and included sclerotherapy, surgical
debulking, laryngoscopy, sirolimus, enteral nutrition support, or a combination.

Conclusion: Fetal MR features of neck LM such as infiltrative margins, extension to either the tongue or
mediastinum, and fluid levels were the most reliable discriminators of LM versus other cystic neck
masses. Prenatal detection of airway deviation and fetal tongue invasion were the best predictors of
post-natal invasive airway management and need for therapeutic interventions, and thus may aid
parental counseling and anticipate perinatal care needs.

An audit of the treatment costs of pediatric lymphatic malformations — a tertiary center experience
Hanna Hyvénen (Department of Pediatric Surgery, New Children's Hospital, University of Helsinki and
Helsinki University Hospital, Helsinki Finland; VASCERN VASCA European Reference Center); Hannele
Salonen (Department of Pediatric Surgery, New Children's Hospital, University of Helsinki and Helsinki
University Hospital, Helsinki Finland; VASCERN VASCA European Reference Center); Johanna Aronniemi
(University of Helsinki and Department of Radiology, HUS Medical Imaging Center, Children's hospital,
Helsinki, Finland, VASCERN VASCA European Reference Centre); Péivi Salminen (Department of Pediatric
Surgery, New Children's Hospital, University of Helsinki and Helsinki University Hospital, Helsinki Finland;
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VASCERN VASCA European Reference Center); Kristiina Kyrklund (Department of Pediatric Surgery, New
Children's Hospital, University of Helsinki and Helsinki University Hospital, Helsinki Finland; VASCERN
VASCA European Reference Center)

Purpose: To assess care volumes and costs in pediatric vascular anomalies (VA), and to consider how
healthcare resources could be optimally directed to enhance care protocols.

Methods: Case volumes and costs of care for several main VA diagnoses were retrieved from our
tertiary institution's finance management database by ICD-10 codes. Nonsyndromatic pediatric
lymphatic malformations (LMs) emerged as a high-cost subgroup. The records of patients <16 years of
age with LMs (D18.1) managed 2018-2023 were reviewed.

Results: Care costs for LMs were EUR 3,456,000 for 265 patient care episodes. Costs ranged EUR
1,563,000—-220,000/year and mainly related to long-term tracheostomy requirement and home nursing
care, and multiple sclerotherapies under anesthesia. The highest costs were incurred in 2018 (Fig 1)
when several patients had tracheostomies. In 2019, 2 patients were successfully decannulated and costs
reduced by EUR 1,055,000. In total, 6 PIK3CA positive patients required a tracheostomy with the median
decannulation time 34 (13-72) months. With increasing experience through ISSVA and VASCERN, our
approach has now shifted to favor primary mTOR inhibitor treatment following initial tracheostomy in
complex cases, reserving sclerotherapy only if these are not effective. Our data suggests the need for
sclerotherapy has reduced in head and neck LMs. Sclerotherapies for peripheral LMs are increasingly
being performed under local anesthesia, which further reduces treatment costs and simplifies the care
pathways.

Conclusion: Our national health care system is predominantly based on public health care resources.
Assessment of the financial perspectives of care is essential for demonstrating key targets for optimizing
healthcare delivery by understanding the main cost drivers. In this analysis, LMs appear to be associated
with a high financial burden, mainly from tracheostomy-related costs. Early introduction of mTOR
inhibitors, when indicated, may reduce the need for sclerotherapy and permit earlier weaning from
tracheostomy.

Comparisons of Clinical Features Between Pediatric and Adult Patients with Surgically-resected
Abdominal Lymphatic Malformations

Min Yang (West China Hospital of Sichuan University); Cong-xia Yang (West China Hospital of Sichuan
University); Yi Ji (West China Hospital of Sichuan University)

Purpose: We aimed to compare the clinical features of abdominal lymphatic malformations (ALMs)
between pediatric and adult patients.

Methods: We retrospectively analyzed and compared the clinical data between pediatric (<14 years)
and adult (>14 years) patients who were surgically treated and pathologically diagnosed as ALMs at our
institution from January 2009 to December 2022.

Results: Our study enrolled 162 pediatric and 158 adult patients. The male-to-female ratio for pediatrics
and adults was respectively 82:80 and 52:106 (P=0.001). 42.6% pediatrics with ALMs were admitted to
hospital through emergency channels, while that was 11.4% in adults (P<0.001). The mean duration of
symptoms prior to admission for pediatrics was 4.69+10.9 months, which was statistically shorter than
that for adults (10.93+24.19 months; P<0.001). The most common location of ALMs for pediatrics was
small intestinal mesentery (42.6% VS. 6.3%; P<0.001), while that for adults was retroperitoneum (62.7%
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VS. 15.4%; P<0.001). The most common clinical presentations at diagnosis for pediatrics was acute
abdominal disease (45.1% VS. 12.0%; P<0.001), while that for adults was incidental health checkup
(56.3% VS. 16.0%; P<0.001). There was no significant difference when comparing the maximum
diameter of ALMs for both pediatric and adult patients (9.1945.28 cm VS. 8.84+5.05 cm; P=0.118), as
well as their pathological type (P>0.05). The proportion of chyliform contents of ALMs for pediatrics
were significantly higher than that for adults (27.2% VS. 14.6%; P=0.006). ALMs for pediatrics combined
with statistically more preoperative intestinal volvulus than that for adults (23.5% VS. 3.8%; P<0.001).
The most common surgical procedure for both pediatric and adult patients was total resection of ALMs
(98.8% VS. 98.1%; P=0.682), while resections with intestine were more frequently performed for
pediatrics (32.7% VS. 6.3%; P<0.001).

Conclusion: ALMs between pediatric and adult patients differed significantly in gender, admission
pathway, duration of symptoms, presentations, location, chyliform contents, intestinal volvulus and
resections with intestine.

Kaposiform Lymphangiomatosis (KLA): Update on clinical features, treatment approach, and use of
targeted medical therapy

Whitney Eng (Boston Children's Hospital/Dana Farber Cancer Institute); Alexindra Wheeler (Boston
Children's Hospital); Melisa Ruiz-Gutierrez (Boston Children's Hospital); Harry Kozakewich (Boston
Children's Hospital, Department of Pathology); Kiersten Ricci (Cincinnati Children's Hospital Medical
Center); Adrienne Hammill (Cincinnati Children's Hospital Medical Center); Denise M. Adams (CHOP)

Purpose: Kaposiform lymphangiomatosis (KLA) is a rare and aggressive lymphatic anomaly first
described as a distinct entity in 20 patients in 2014 [1]. Overall survival is very poor (51%) [1].
Historically, patients were treated with supportive care and surgical intervention. Recently, new medical
therapies have emerged, including the use of mTOR and MEK inhibitors.

Methods: We conducted a retrospective review of clinical features and treatment outcomes for 57
patients diagnosed with KLA. All patients were referred to the participating treatment institutions
between 1995 and 2023.

Results: The median age at symptom onset was 5.4 years (range 0-40.6). Anatomic involvement varied:
lung (82%), abdominal (77%), bone (68%). Pleural effusions occurred in 72% and pericardial effusions
occurred in 56%. Thrombocytopenia (platelet count <150,0000/uL) occurred in 63% and
hypofibrinogenemia (fibrinogen <150 mg/dL) occurred in 50%. Sixty percent of patients required
transfusions of blood products. Sixty percent of patients were treated with sirolimus for >6 month:s.
Five-year overall survival was 56% in the non-treated group and 97% in the sirolimus-treated group (log-
rank p-value=0.0013). Seven patients had genetic mutations identified: NRAS (n=5), KRAS (n=1) from
tissue (n=4) or cell-free DNA (n=2). Due to toxicity (n=4) or disease progression (n=3) on mTOR
inhibitors, 5 patients initiated therapy with trametinib. Three of these patients had no significant
adverse events. Two patients stopped trametinib due to lower extremity swelling and are now doing
well on selumetinib. Fifteen of the 57 patients died (24%).

Conclusion: Sirolimus significantly improved survival of patients with KLA. Despite this success, some
patients have disease progression on sirolimus. There is emerging potential for molecular diagnostics
and targeted therapies in KLA patients, particularly in those who become refractory to mTOR inhibition.
Evaluating the safety and efficacy of targeted therapies in KLA will be an important area of future
research.
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Genomic Characterization of Patients with Vascular Anomalies and Neurocutaneous Disorders Using
Paired Exome Analysis and RNA Sequencing

Ying-Chen Claire Hou (Nationwide Children's Hospital); Bhuvana Setty (Division of
Hematology/Oncology/BMT, Nationwide Children's Hospital Columbus, OH); Anna Lillis (Department of
Radiology, Nationwide Children's Hospital Columbus); Ibrahim Khansa (Department of Pediatric Plastic
and Reconstructive Surgery, Nationwide Children's Hospital Columbus, OH); Gregory D. Pearson
(Department of Pediatric Plastic and Reconstructive Surgery, Nationwide Children's Hospital Columbus,
OH); Esteban Fernandez Faith (Division of Dermatology, Nationwide Children's Hospital, Columbus, OH);
Archana Shenoy (Department of Pathology and Laboratory Medicine, Nationwide Children's Hospital,
Columbus, OH); Sonja Chen (Department of Pathology and Laboratory Medicine, Nationwide Children's
Hospital, Columbus, OH); Brandon Stone (Divisions of Genetics and Genomic Medicine, Nationwide
Children's Hospital, Columbus, OH); Erica Macke (The Steve and Cindy Rasmussen Institute for Genomic
Medicine, Nationwide Children's Hospital, Columbus, OH); Mari Mori (Divisions of Genetics and Genomic
Medicine, Nationwide Children's Hospital, Columbus, OH); Gregory Wheeler (The Steve and Cindy
Rasmussen Institute for Genomic Medicine, Nationwide Children's Hospital, Columbus, OH); Heather
Costello (The Steve and Cindy Rasmussen Institute for Genomic Medicine, Nationwide Children's Hospital,
Columbus, OH); Benjamin Kelly (The Steve and Cindy Rasmussen Institute for Genomic Medicine,
Nationwide Children's Hospital, Columbus, OH); Mariam Mathew (The Steve and Cindy Rasmussen
Institute for Genomic Medicine, Nationwide Children's Hospital, Columbus, OH); Kathleen M. Schieffer
(The Steve and Cindy Rasmussen Institute for Genomic Medicine, Nationwide Children's Hospital,
Columbus, OH); Elizabeth Varga (The Steve and Cindy Rasmussen Institute for Genomic Medicine,
Nationwide Children's Hospital, Columbus, OH); Elaine R. Mardis (The Steve and Cindy Rasmussen
Institute for Genomic Medicine, Nationwide Children's Hospital, Columbus, OH); Catherine E. Cottrell (The
Steve and Cindy Rasmussen Institute for Genomic Medicine, Nationwide Children's Hospital, Columbus,
OH)

Purpose: Vascular, lymphatic, or capillary malformations, somatic overgrowth, neurocutaneous
disorders, or vascular tumors, are caused by inherited and/or post-zygotic variants in the
PI3K/AKT/mTOR and RAS/RAF/MEK signaling pathways. Here we describe the use of high-depth paired
exome analysis to discern the genetic underpinnings of these disorders.

Methods: Comprehensive genomic profiling, including high-depth paired exome sequencing of a
comparator germline sample and disease-involved tissue, and whole transcriptome analysis of disease-
involved tissue, was performed across a cohort of 75 individuals affected with the disease entities. The
capture panel is comprised of targets for 19,433 genes within the human genome (39 Mb of genomic
space) in concert with a genomic backbone of probes, enabling the detection of SNV, CNV, and cnLOH.

Results: Among this cohort, 43 individuals had clinically significant variants (pathogenic/likely
pathogenic by ACMG/AMP for germline or Tier I/1l by AMP/ASCO/CAP for somatic), resulting in a
diagnostic yield of 57%. Furthermore, we identified 7 individuals with germline pathogenic variation in
which disease-affected tissues harbored second-hit variants, including 5 involving GLMN (glomuvenous
malformation), and 1 each involving NF1 (neurofibromatosis), KRIT1 (cerebral cavernous
malformations), and TSC1 (tuberous sclerosis). Second-hit variants in the form of were observed in three
cases with GLMN germline variants (1p cnLOH), one case with KRIT1 germline variant (7q cnLOH), and
one case with TSC1 germline variant (9 cnLOH), demonstrating the breadth of detection of disease-
associated variation. We did not detect second-hit variants in the lesional tissues of three individuals
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with germline pathogenic variation in GLMN, TSC1, and PTEN. The comparisons of inferred stromal and
immune cell fractions derived from expression data between cases with and without the detection of
second-hit variants did not show a significant difference.

Conclusion: High-depth paired exome sequencing extends the breadth of the detectable mutation
spectrum in both germline and somatic vascular anomalies and neurocutaneous disorders.

Utility of cfDNA in comprehensive genomic profiling of complex vascular anomalies

Dong Li (Children's Hospital of Philadelphia); Sarah Sheppard (NICHD); Michael March (Children's
Hospital of Philadelphia); Mark Battig (Children's Hospital of Philadelphia); Lea Surrey (Children's
Hospital of Philadelphia); Abhay Srinivasan (Children's Hospital of Philadelphia); Alexandra Jane Borst
(Children's Hospital of Philadelphia); Fengxiang Wang (Children's Hospital of Philadelphia); Tamjeed Z.
Sikder (Children's Hospital of Philladelphia); Nora O'Connor (Children's Hospital of Philadelphia);
Alexandria Thomas (Children's Hospital of Philadelphia); Erin Pinto (Children's Hospital of Philadelphia);
Allison Davis Britt (Children's Hospital of Philadelphia); Joseph Napoli (Children's Hospital of
Philadelphia); David Low (Children's Hospital of Philadelphia); Seth Vatsky (Children's Hospital of
Philadelphia); James Treat (Children's Hospital of Philadelphia); Janet R. Reid (Children's Hospital of
Philadelphia); Christopher Smith (Children's Hospital of Philadelphia); Kristen Snyder (Children's Hospital
of Philadelphia); Anne Marie Cahill (Children's Hospital of Philadelphia); Yoav Dori (Children's Hospital of
Philadelphia); Denise M. Adams (CHOP); Hakon Hakonarson (Children's Hospital of Philadelphia)

Purpose: To investigate comprehensive genomic analyses, including use of cfDNA, to aid in molecular
diagnosis and guide medical therapies in complex vascular anomalies.

Methods: 358 individuals with complex vascular anomalies were evaluated from our institution. Routine
exome (~80x), high coverage exome (>400x), UMI-based ultra-deep coverage targeted sequencing
(~100,000x, panel of 51 genes), and blocker displacement gPCR/Sanger assay were applied to genomic
DNA isolated from blood, saliva, lesional tissue, lymph node, FFPE, endothelial cells isolated from
lymphatic effusions, and cell-free DNA (cfDNA) from plasma and lymphatic fluid.

Results: Pathogenic germline and somatic variants, unveiling new genotype-phenotype associations,
were identified in 203 individuals (56.7%) across 40 different vascular anomaly diagnoses. All somatic
variants were independently confirmed. Among participants harboring somatic variants identified in
tissue DNA, 22 out of 39 participants demonstrated concordance in cfDNA (56.4%). Notably, 24
participants, for whom tissue biopsy was not possible, were found to have positive results with cfDNA
isolated from peripheral blood with variant allele fraction (VAF) ranging from 0.2% to 18.2% (median
0.6%). These patients, because of lack of ability to safely obtain tissue, would have otherwise been
unable to be included for genetic testing, potentially missing the opportunity for efficacious molecular-
guided therapies. We found that cfDNA sampling after embolization/sclerotherapy increased molecular
diagnostic likelihood in five participants with AVM, VM, PHTS, or KTS. cfDNA yielded relatively high
positive rate (17/22; 77%) in participants with CM, KTS, FAVA, PROS, CLOVES, or extensive VM,
suggesting its utility in patients with relatively high index in terms of disease volume and severity.

Conclusion: The use of cfDNA from plasma and chylous fluid provides a promising and less invasive
alternative to resolve the genetic etiology, informing clinical diagnosis and enabling targeted
therapeutics. Our comprehensive genomic platform, featuring extremely deep sequencing, has
expanded our ability to discover somatic variants of VAF as low as 0.2%.
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MEK inhibition restores dysregulated genes in human endothelial cells expressing the NRAS Q61R
mutation identified in kaposiform lymphangiomatosis

Sara Alharbi (Cincinnati Children's Hospital Medical Center); Patricia Pastura (Cincinnati Children's
Hospital Medical Center); C. Griffin McDaniel (University of Cincinnati and Cincinnati Children's Hospital
Medical Center); Dermot Fox (University of Cincinnati and Cincinnati Children's Hospital Medical Center);
Andrew Wagner (University of Cincinnati and Cincinnati Children's Hospital Medical Center); Yan Xu
(Cincinnati Children's Hospital Medical Center); Punam Malik (Cincinnati Children's Hospital Medical
Center); Denise Adams (Children's Hospital of Philadelphia); Timothy D. Le Cras (University of Cincinnati
and Cincinnati Children's Hospital Medical Center)

Purpose: Kaposiform lymphangiomatosis (KLA) is characterized by spindled lymphatic endothelial cells
accompanying malformed lymphatic channels and elevated levels of Angiopoietin-2 (Ang-2). We have
developed human endothelial progenitor cells (EPC) expressing the somatic NRAS Q61R mutation
identified in the lesions of KLA patients. The purpose of these studies was to use RNA sequencing
analysis to identify genes and pathways that were dysregulated in NRAS Q61R EPC and restored by MEK
inhibitor trametinib, which is starting to be used clinically. The efficacy of three MEK inhibitors on
abnormal endothelial spindling and Ang-2 expression was also assessed.

Methods: EPC were transduced with lentiviral constructs containing p.Q61R NRAS (NRAS Q61R) or wild-
type NRAS (NRAS WT) under doxycycline (Dox) regulation. RNA was extracted from Dox-induced NRAS
WT, NRAS Q61R, or NRAS Q61R EPC treated with trametinib (2nM) for 48 hrs. Bulk RNA sequencing
analysis was performed. Additionally, EPC were treated with Dox and either trametinib (2 nM),
selumetinib or cobimetinib (50, 100, and 200 nM), or vehicle for 48 hrs. EPC spindling was assessed with
Image) and Ang-2 levels by western blot and ELISA.

Results: RNA sequencing revealed 1315 upregulated genes and 1773 downregulated genes in NRAS
Q61R EPC. Trametinib corrected 19% of the upregulated genes and 8% of the downregulated genes,
including genes associated with MAPK signaling, angiogenesis, and coagulation. Trametinib prevented
EPC spindling morphology and reduced Ang-2 production (85%). At the highest dose, selumetinib and
cobimetinib reduced Ang-2 production (82% and 90%, respectively) and inhibited spindling.

Conclusion: RNA sequencing analysis revealed dysregulated genes in the MAPK, angiogenesis, and
coagulation pathways in EPC expressing NRAS Q61R. Studies using MEK inhibitors demonstrated that
the MAPK pathway is driving abnormal spindling morphology and Ang-2 production in NRAS Q61R EPC.
Trametinib reduced abnormal EPC spindling and Ang-2 production at a much lower dose compared to
selumetinib and cobimetinib.

Clinical phenotype of the PIK3R1-related vascular overgrowth syndrome

Paul Kuentz (CHU Besangon, France); Camille Engel (CHU Besang¢on, France); Fanny Morice-Picard (CHU
Bordeaux, France); Didier Bessis (CHU Montpellier, France); Hélene Aubert (CHU Nantes, France);
Bertrand Isidor (CHU Nantes, France); Alice Phan (HFME, CHU Lyon, France); Olivia Boccara (CHU Necker,
Paris, France); Annabel Maruani (CHU Tours, France); Juliette Mazereeuw (CHU Toulouse, France); Hagen
Ott (Kinderkrankenhaus auf der Bult, Hannover, Germany); Anne-Marie Guerrot (CHU Rouen, France); Eve
Puzenat (CHU Besancon, France); Jehanne Martel (CHU Dijon-Bourgogne, France); Laurence Faivre (CHU
Dijon-Bourgogne); Pierre Vabres (Université de Bourgogne)
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Purpose: The PIK3R1-related vascular overgrowth syndrome remains poorly defined clinically. We
sought to determine the frequency of PIK3R1 variants in patients with segmental overgrowth, and to
further describe the phenotype of patients harboring a mosaic PIK3R1 variant.

Methods: Patients were ascertained from a national cohort of skin mosaic phenotypes, including 623
patients with segmental overgrowth genotyped for PIK3CA. We searched for PIK3R1 variants by targeted
NGS (next-generation sequencing) on affected tissue in 297 patients with a clinical presentation
suggestive of PIK3CA-related overgrowth (PROS) negative for PIK3CA variants. We retrospectively
studied the clinical phenotype of patients positive for PIK3R1 variants.

Results: We identified three missense variants and six in-phase indels of PIK3R1 in 15 patients (5.0%),
exclusively in affected tissue, with variant allele fractions (VAFs) between 2.0% and 12.0%. All variants
were predicted to upregulate the PI3K-AKT-MTOR pathway. We found extensive pale or dark capillary
malformations (CMs) in 14 patients, segmental overgrowth in 11, venous development anomalies
(varicose veins or persistent lateral marginal vein) in ten, lymphatic malformation in six, and an
extensive café-au-lait macule or naevus spilus in three, thus defining phacomatosis pigmento-vascularis
(PPV). Two patients had fingertip CM. One had limb hypoplasia and one had isolated hemihypertophy
without VMs. Two had spinal involvement. No patients had MCAP (megalencephaly-capillary
malformation) or life-threatening manifestations, and none were treated with sirolimus or alpelisib.

Conclusion: PIK3R1 variants account for a minority of patients with PROS-like phenotypes (5%). They are
about 20 times less common than PIK3CA variants. Patients usually present with a Klippel-Trenaunay
phenotype, whereas the MCAP phenotype appears to be absent. Whether venous development
anomalies, limb hypoplasia or PPV are more common in PIK3R1-related KTS remains to be determined.
We suggest that PROS be renamed "PI3K-related overgrowth spectrum” to include both PIK3CA and
PIK3R1-related phenotypes.

New promising ways for sirolimus treatment: from continuous to intermittent administration of
sirolimus in slow-flow vascular malformations

Emmanuel Seront (Cliniques Universitaires Saint Luc); An Van Damme (Institut Roi Albert Il, Department
of Pediatric Hematology & Oncology, Cliniques universitaires St Luc, University of Louvain, Brussels,
Belgium); Julien Coulie (Division of Plastic Surgery, Cliniques universitaires Saint Luc, UCLouvain,
Brussels); Miikka Vikkula (Human Molecular Genetics, de Duve Institute; Center for Vascular Anomalies,
Division of Pathology, University Clinics Saint-Luc, UCLouvain, Brussels, Belgium; VASCERN VASCA
European Reference Centre; WELBIO department, WEL Research Institute, avenue Pasteur, 6, 1300
Wavre, Belgium); Laurence M. Boon (Center for Vascular Anomalies, Division of Plastic and
Reconstructive Surgery, Cliniques universitaires St-Luc, Universite catholique de Louvain, 1200 Brussels,
Belgium, VASCERN VASCA European Reference Centre)

Purpose: The VASE trial aims to establish sirolimus as the new standard of care for slow-flow vascular
malformations. Conventionally, sirolimus is administered continuously, leading to accumulation of
adverse events in some patients. There is a need for new administration schemes.

Methods: We conducted a prospective evaluation of different sirolimus regimens in patients initially
enrolled in the VASE trial who experienced symptom resurgence after the 2-year sirolimus treatment.
They resumed sirolimus for 3-6 months and were then allocated to various dosing schedules: 1)
sirolimus for 5 days ON/ 2 days OFF (group A); 2) sirolimus for 3 months ON/ 3 months OFF (group B), 3)
sirolimus as painkiller during pain episodes (group C) and 4) sirolimus as pain prevention before physical
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effort (group D). The assessment focused on symptom control (pain and functional limitation) in these
alternative regimens.

Results: Twenty-five patients were included in this analysis; at sirolimus reintroduction, 20 patients had
pain (VAS score between 5-8) and 5 had functional limitations (VAS score between 5-7). All patients
achieved symptoms control after 3-6 months of sirolimus (pain VAS between 0-2 and functional
limitation VAS between 0-2). Nine patients were included in group A, 4 patients in group B, 4 in group C
and 8 in group D. With a median follow-up of 9 months (ranging from 6 to 12), we observed that all
patients maintained sustained symptom control without any deterioration in VAS scores. Adverse events
were less frequently reported.

Conclusion: Sirolimus administration can be tailored to each patient with intermittent schedules,
resulting in excellent symptom control and a reduction in adverse events.

Sirolimus for Vascular Anomalies Associated with PTEN Hamartoma Tumor Syndrome

Alexandra Zabeida (The Hospital for Sick Children, University of Toronto); Kelley Zwicker (Children's
Hospital of Eastern Ontario, University of Ottawa); Michelle Fantauzzi (The Hospital for Sick Children,
University of Toronto); Laura Willis (The Hospital for Sick Children, University of Toronto); Jack Brzezinski
(The Hospital for Sick Children, University of Toronto); Cheryl Cytrynbaum (The Hospital for Sick Children,
University of Toronto); Jonathan Wasserman (The Hospital for Sick Children, University of Toronto);
Rosanna Weksberg (The Hospital for Sick Children, University of Toronto); Kevin Zbuk (McMaster
University Medical Centre, McMaster University); Manuel Carcao (The Hospital for Sick Children,
University of Toronto)

Purpose: PTEN Hamartoma Tumor Syndrome (PHTS) is a rare condition associated with vascular
anomalies and heightened cancer risk via dysregulation of the AKT/mTOR pathway resulting from a
germline mutation in the PTEN tumor suppressor gene. The use of sirolimus, an mTOR inhibitor, for
managing vascular anomalies associated with PHTS remains relatively unexplored, with few documented
cases. Investigating the outcomes of sirolimus treatment contributes to valuable collective experience
regarding pharmacotherapy for this unique patient population.

Methods: A retrospective chart review of patients with PHTS and vascular anomalies treated with
sirolimus was conducted at a single institution.

Results: The study identified six patients with PHTS and vascular anomalies, all treated with sirolimus.
Their median age at treatment initiation was 12 years (range: 7 — 17). One patient had prior surgery, and
another had surgery and sclerotherapy. All presented distinct germline heterozygous PTEN mutations,
without discernible hot spots. All had macrocephaly, and three had developmental delay. Each had at
least one arteriovenous malformation, with one displaying multiple additional venolymphatic
malformations. After a median 2-year follow-up (range: 0.25 — 4), five patients (83%) exhibited a
significant clinical response, including perceived reduced malformation size, pain relief, and improved
function. Among the four patients with repeat magnetic resonance imaging, two showed size reduction,
while two showed stability or minimal decrease. No significant adverse effects were observed, apart
from mild buccal ulcers and acne.

Conclusion: This case series highlights the effective and safe use of sirolimus in managing vascular

anomalies in a small group of children with PHTS. Larger studies are needed to substantiate these
results. Intriguingly, sirolimus has demonstrated promise in animal PHTS models, prolonging survival,
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and delaying cancer in PTEN knockout mice. While beyond this study's scope, this prompts questions
about its potential dual role in treating vascular anomalies and preventing cancer in this population;
long-term trials are required.

Adverse events during alpelisib and sirolimus treatment in PROS patients. A comparative study
Paloma Triana Junco (La Paz Hospital); Juan Carlos Lopez Gutierrez (La Paz Hospital)

Purpose: Alpelisib is a PIK3CA inhibitor approved for the treatment of patients with PIK3CA-related
overgrowth spectrum (PROS). Although there are many reports on adverse events (AEs) of alpelisib as
adyuvant in breast cancer, there are only a few published alluding to AEs related to alpelisib in
monotherapy in PROS patients.

Methods: Retrospective review of patients with PROS who received alpelisib through compassionate
use was performed. Variables included age of treatment start, PROS phenotype, length of treatment,
time of AEs appearance and grade of AEs.

Results: From the 39 patients included in the study, 70 AEs were recorded. Thirty-one patients
presented at least one AE (79.5%) which was considered related to alpelisib, although most were graded
mild or moderate (77.4%). The most frequently reported AE was alopecia (n=12), followed by diarrhea
(n=10), anorexia (n=7) and fatigue (n=6). Another common AE not published before was growth
retardation (n=9), found in children under 10 years old after at least one year of treatment, although
every case resolved with dose adjustment or withdrawal. Most AEs were observed in the first year of
treatment (64.5%), while some appeared later after dose escalation. At the time of this abstract there
were 12 withdrawals (30.8%), only 3 related to AEs and due to patient/parent decision. The length of
treatment was associated to the appearance of AEs (OR 9), while there were no differences with age or
phenotype. Comparing these results with our previously reported experience in patients with PROS
managed with sirolimus (92 patients of comparable age and phenotype), AEs were less frequent (44.5%)
and less severe (83% mild or moderate) in the sirolimus group.

Conclusion: Most patients on alpelisib treatment will experience at least one AE, usually mild and/or
moderate that resolve with dose adjustment or withdrawal. Sirolimus in similar patients produces less
and milder AEs.

Accelerated Repurposing of Sotorasib for Vascular Malformations Associated with KRAS G12C
Mutation
Guillaume CANAUD (Hépital Necker Enfants Malades)

Purpose: Arteriovenous malformations (AVM) are debilitating conditions caused by genetic mutations,
either inherited or somatic when acquired during embryonic development. KRAS gain-of-function of
mutations are frequently observed in sporadic AVM, particularly those involving the brain vasculature.
Mechanism of disease progression in KRAS driven AVM are not well characterized and do not have
approved treatments available.

Methods: We describe here two post-natal mouse models of KRAS G12C-vascular malformations that
recapitulate patient phenotypes. We administered sotorasib, a targeted pharmacological inhibitor for
KRAS G12C approved in oncology, to these models. Additionally, we treated a human patient with an
AVM related to KRAS G12C mutation.
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Results: Using these pre-clinical models, we demonstrate the effectiveness of sotorasib at improving
vascular malformations and extending life expectancy. We further show that KRAS mutation specifically
in arterial endothelial cells led to activation of the PI3K and ERK pathways in cells carrying the mutation
but also in the surrounding ones, evocative of non-cell autonomous effect. On the basis of these results,
we used sotorasib to treat an adult patient with a severely rapidly progressing KRAS G12C AVM. The
patient experienced a rapid attenuation of disease symptoms, including the cessation of bleeding and a
reduction in the size of the AVM. Imaging studies conducted at 12 and 24 months compared to the
initial baseline showed a sustained reduction of 21.2% and 31.5% in AVM size, as well as a decrease in
interstitial edema. Treatment did not cause any significant adverse events.

Conclusion: This study provides evidence that KRAS G12C direct inhibition may be a promising
therapeutic approach for patients with KRAS G12C vascular malformations.

Percutaneous Sclerotherapy of Lymphatic and Venous Malformations with Osseous Involvement
Alan J. Kim (Johns Hopkins University School of Medicine); Mohammad Mirza-Aghazadeh-Attari (Johns
Hopkins University School of Medicine); Arun Kamireddy (Johns Hopkins University School of Medicine);
Clifford R. Weiss (Johns Hopkins University School of Medicine)

Purpose: Lymphatic (LMs) and venous malformations (VMs) with osseous involvement (Ol) are
uncommon vascular anomalies with limited literature. This study evaluates the effectiveness and safety
of percutaneous sclerotherapy for treating vascular malformations with osseous involvement.

Methods: We performed a single-center retrospective review of all patients treated with percutaneous
sclerotherapy from 01/2003 to 08/2023. Ol was defined using MRI, based on osseous or periosteal
involvement as assessed on T2 fat-suppressed sequences. We identified three and 21 cases of osseous
LMs and VMs, respectively; one VM patient was excluded due to amputation of the fibula. We collected
data on demographics, clinical presentation, treatment, adverse events, and clinical response. Clinical
response was graded using a 7-point Likert scale assessing changes in pre- and post-treatment pain
scores.

Results: Three non-Hispanic White male patients were treated for osseous LMs of the lower extremities.
Patients presented with LMs between ages 10 and 18 with primary symptoms that include pain (3/3
patients), weakness (2/3) and swelling (1/3). Patients received 1, 3, and 3 sclerotherapy procedures
specific to the intraosseous LM for a total of 6 procedures. Patients were embolized with bleomycin (1/6
procedures) or doxycycline (5/6). Patients reported mild (1/3) or moderate (2/3) improvement of
symptoms following treatment. 20 patients were treated for osseous VMs of the lower extremities
(11/20 patients), upper extremities (8/20), and face (1/20). Primary symptoms included pain (14/20),
enlargement (5/20), and cosmetic deformity (3/20). Our institution performed 76 sclerotherapy
procedures with bleomycin (24/76 procedures), ethanol (28/76), sotradecol (22/76), Onyx (1/76), and
bleomycin/sotradecol combination (1/76). Patients reported no (7/20), mild (2/20), moderate (7/20),
and significant (1/20) symptom improvement following treatment; three patients did not have follow-up
notes after treatment. No major or minor adverse events were reported following sclerotherapy.

Conclusion: Percutaneous sclerotherapy is potentially a safe and effective treatment for lymphatic and
venous malformations with osseous involvement.

Clinical features and advances in treatment of Gorham-Stout disease: a systematic review Zilong Zhou
(West China School of Medicine, Sichuan University); Yi Ji (West China Hospital of Sichuan University)
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Purpose: GSD is a subtype of complex lymphatic malformation, research on GSD is still very limited,
making it difficult to diagnose and treat the disease clinically. The purpose of this study was to analyze
the clinical features of GSD by screening the literature published in the last ten years and integrating the
data.

Methods: A systematic search was conducted for all literatures on GSD from January 1, 2013 to January
1, 2023 to collect clinical information on all patients with GSD. Based on other authors' articles, we
summarized the following four criteria to help diagnose GSD: (1) lymphangiectasia in lesion tissue
biopsy, without cytotypy; (2) Imaging evidence of bone destruction; (3) Locally progressive bone
resorption with little or no osteogenic reaction; (4) Genetic, metabolic, tumor, immune, infection
etiology negative. The literature was excluded if any point was missing and the patient could not be
definitively diagnosed with GSD.

Results: A total of 222 patients are included in the study, with a slightly higher incidence in males (male:
female=1.28:1). GSD mainly affect children and adolescents (73/122, 59.8%), 80% of patients are
younger than 40 years old, the mean age of onset is 21.3 years old, and the mean age of diagnosis is
23.8 years old. The number of patients with axial bone invasion is more than that of appendicular bone
(155 vs 105). The most affected bones are the vertebrates (43.4%), ribs (25.9%), and pelvic bones
(23.4%). The most common clinical manifestation of GSD patients is pain (63.4%). After treatment, 96
patients are stable, and 12 died due to severe complications.

Conclusion: This study reveals the clinical characteristics and prognosis of patients with GSD, which is
crucial for the early diagnosis and treatment of GSD. Further prospective studies are urgently needed to
risk stratify complex lymphatic abnormalities and optimize the management of GSD.

Oncologic outcomes for patients with Ollier disease and Maffucci syndrome
Whitney Eng (Boston Children's Hospital/Dana Farber Cancer Institute)

Purpose: Ollier disease (OD) is characterized by multiple benign cartilaginous tumors known as
enchondromas. When multiple enchondromatosis is associated with spindle cell hemangiomas it is
known as Maffucci syndrome (MS). Somatic IDH1 and IDH2 mutations are identified in up to 80% of
patients with OD or MS. Patients are at increased risk for chondrosarcoma and other malignancies.
There are no universal or consensus oncologic screening guidelines, nor are there any FDA-approved
medical treatments.

Methods: A retrospective chart review of patients diagnosed with OD or MS between 1980 and 2021
was conducted.

Results: Forty-five patients (22 males [45%)], 23 females [51%]) were identified; 36 with OD, 8 with MS, 1
with multiple spindle cell hemangiomas. The median age at diagnosis was 5 years (range 2-14). Patients
presented with pathologic fracture (20%) or discovery of a "lump" (33%). Functional limitation (48%) and
pain (60%) were common. Five patients (4 with MS [83%], 1 with OS [17%]) developed malignancy
between 10 and 29 years of age (mean 22.8 years); five are alive with an average follow-up of 7 years
(range 1-24) after cancer diagnosis. One patient died from metastatic chondrosarcoma. Oncologic
diagnoses included grade I/1l chondrosarcoma (n=6), acute myelogenous leukemia (n=1), grade Il
anaplastic astrocytoma (n=1), and paraganglioma (n=1). Sequencing of tumor in 3 patients revealed
IDH1 (p.R132C) mutations.
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Conclusion: In our cohort, five patients (4 with MS, 1 with OD) developed malignancy prior to age 25,
suggesting that cancer may develop in these patients earlier than has been reported in the literature. At
our institution, patients are jointly followed by the Vascular Anomalies Center and Pediatric Cancer
Genetic Risk Program and receive annual whole-body MRI and complete blood counts as well as imaging
of known lesions. Larger, prospective studies are needed to assess the role of surveillance in pediatric
OD/MS patients.

Analysis of related factors of functional impairment caused by fibro-adipose vascular anomaly (FAVA)
Bin Sun (Henan Provincial People's Hospital); Changxian Dong (Henan Provincial People's Hospital);
Hongzhao Lei (Department of Hemangioma and Vascular Malformation Surgery, Henan Provincial
People’s Hospital, People's Hospital of Zhengzhou University, People's Hospital of Henan University)

Purpose: To investigate the factors associated with limb dysfunction in Fibro-Adipose Vascular Anomaly
(FAVA) and identify independent risk factors.

Methods: Data from FAVA patients treated at our center between 2018 and 2023 were collected and
divided into two groups based on functional disability. The variables analyzed included gender, age, pain
history, clinical manifestations, lesion distribution, imaging examination results, laboratory test data,
postoperative pathology findings, and other relevant information. The data were appropriately
categorized and differences among the groups were compared to identify potential risk factors.

Results: A total of 202 diagnosed FAVA patients were included in the study, out of which 100 (49.5%)
had limb dysfunction. These patients experienced an average duration of pain for 7.4 years. Additionally,
42% (n=42) showed increased D-dimer levels, 16% (n=16) had elevated fibrin degradation products
(FDP), and 28% (n=28) exhibited decreased fibrinogen levels. Among those affected by FAVA in lower
limbs (74%, n=74), a majority (89.1%, n=66) reported a history of claudication. In almost all cases (99%,
n=99), deep tissues such as fascia, muscles, bones,and joints were involved by FAVA lesions. Prior to
admission,treatment was received by approximately60%(n=60).

Conclusion: Factors contributing to limb dysfunction in FAVA patients include a history of pain lasting
more than one year,pain intensity exceedingl5cm2 under MRI scans,fibrinogen deficiency,and
involvement of deeper tissues including muscles,bones,and joints. Early intervention targeting pain
management,hemostatic abnormalities,and prevention of further progression can reduce the
incidenceoflimb dysfunction.Inappropriate treatment may accelerate disease progression. Surgery
currently remains the main stay of treatment for FAVA.

Session 7: Capillary Malformations

Generation of a mouse model for Capillary Malformation

Patrick Smits (Boston Childrens Hospital/Harvard Medical School); Yu Sheng Cheng (Childrens Hospital
Boston); Matthew Patrick Vivero (Boston Children's Hospital); Leanna Marrs (Boston Childrens Hospital);
Michal Ad (Boston Childrens Hospital); Christopher Sudduth (Boston Childrens Hospital); Joyce E. Bischoff
(Boston Children's Hospital and Harvard Medical School); Arin K. Greene (Boston Children's Hospital)

Purpose: Capillary malformation (CM), the most common type of vascular malformation, is a sporadic
congenital lesion caused by a somatic GNAQ p.R183Q activating mutation in an endothelial cell (EC).
Treatment for CM includes pulsed-dye laser and excision; drugs for CM do not exist. Our goal is to
generate a murine CM model to study the pathophysiology of CM and to use as a preclinical model for
CM pharmacotherapy.
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Methods: A Gnaq p.R183Q-IRES-GFP cassette was inserted into the mouse R26 locus under control of
the CAG promoter. To prevent expression a LoxP flanked gene trap (GT) was inserted downstream of the
promotor. GT removal by Cre recombinase allows expression of GNAQ p.R183Q and GFP, with GFP
allowing identification of mutant cells. By using a tamoxifen inducible Cre specifically expressed in ECs
(Cdh5CreERT2) we activated GNAQ p.R183Q expression in ECs at a chosen developmental time.

Results: GNAQ p.R183Q and GFP was expressed in ECs of fetal and newborn mice using Tg-Cdh5Cre or
Tg-Cdh5CreERT2 alleles. Tg-Cdh5Cre+/-;R26GT-Gnag-GFP/+ animals featured a vascular phenotype at
embryonic day (E) 14.5 and died by E16.5. Histology showed abnormal blood vessels, most prominently
in the developing skin. Tg-Cdh5CreER+/-;R26GT-Gnag-GFP/+ animals in which EC GNAQ p.R183Q
expression was induced with tamoxifen at postnatal (P) day 1 died between P15 and P37. They displayed
diffuse vascular abnormalities that were macroscopically noticeable in the intestines and skeletal
muscles. Blood vessels contained both recombined (GNAQ p.R183Q/GFP expressing) and non-
recombined ECs. GNAQ p.R183Q expressing cells co-localized with enlarged and tortuous areas of blood
vessels.

Conclusion: We generated a conditional EC specific GNAQ p.R183Q mouse model of CM. Mutant
animals developed vascular malformations in the intestines. These results support the causality of the
human CM mutation. This murine model can be used to study the pathophysiology of CM as well as
testing pharmacotherapy.

Endothelial permeability in mosaic GNAQ p.R183Q driven capillary malformations

Sana Nasim (Boston Children's Hospital); Colette Bichsel (Boston Children's Hospital); Mariam Baig
(Boston Children's Hospital); Jill Wylie-Sears (Boston Children's Hospital); Matthew Vivero (Boston
Children's Hospital); Patrick J. Smits (Boston Children's Hospital); Sanda Alexandrescu (Boston Children's
Hospital); Anna Pinto (Boston Children's Hospital); Arin K. Greene (Boston Children's Hospital); Joyce E.
Bischoff (Boston Children's Hospital and Harvard Medical School)

Purpose: Capillary malformations (CM) are slow-flow vascular malformations present at birth. They are
most often cutaneous but in the rare neurocutaneous disorder Sturge Weber syndrome (SWS), patients
additionally have leptomeningeal and ocular CMs. Ninety percent of CMs are caused by a somatic
activating mutation in GNAQ, the gene encoding the a-subunit of the heterotrimeric G-protein Gaq. The
p.R183Q mutation is present in endothelial cells (EC), and EC expressing the GNAQ p.R183Q mutation —
designated EC-R183Q - are sufficient to recreate enlarged, CM-like vessels in mice.

Methods: We observed that blood vessels in skin and brain lesions from SWS patients exhibit
extravascular fibrin and absence of the tight junction protein zona occluden-1 (ZO1), indicating a defect
in endothelial barrier formation in CM. To explore this likely consequential feature of CM, we
investigated the nature of the diminished endothelial barrier by measuring trans endothelial electrical
resistance (TEER) in EC-R183Q compared EC-wild type (WT).

Results: We found EC-R183Q form a significantly reduced endothelial barrier in the TEER assay, which
can be fully restored using a specific inhibitor of Gag; this verifies the reduced barrier is due to
constitutively active mutant Gaq. We speculate that the EC-R183Q exert a dominant effect on nearby
EC-WT. To model this and examine functional consequences, we tested the effect of increasing
percentages of EC-R183Q, from 5-75%, in an EC-WT monolayer. TEER measurements showed that
cultures with 10% EC-R183Q:90% EC-WT formed significantly weakened barriers. This suggests that the
mutant EC-R183Q negatively affect the ability of EC-WT to form an endothelial barrier. Small molecule
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inhibitors and shRNA knockdown of key players such as ANGPT2 reveal signaling pathways for restoring
the endothelial barrier to CM vessels and reducing vascular permeability.

Conclusion: In summary, TEER shows GNAQ p.R183Q EC exhibit reduced endothelial barrier formation
and allows modeling of the somatic mosaicism, a pathological feature of CM.

Development of an AlphalLISA high-throughput technique to screen for targeted pharmacotherapy for
capillary malformation

Matthew Patrick Vivero (Boston Children's Hospital); Leanna Marrs (Boston Children's Hospital); Sana
Nasim (Boston Childrens Hospital); Michal Ad (Boston Childrens Hospital); Patrick Smits (Boston Childrens
Hospital/Harvard Medical School); Joyce Bischoff (Boston Children's Hosp); Matthew Warman (Boston
Children's Hosp); Arin K. Greene (Boston Children's Hospital)

Purpose: Capillary malformation (CM) is a slow-flow vascular anomaly characterized by clusters of
dilated, malformed venule-like vessels within the papillary dermis. Lesions can be sporadic or part of a
syndrome (ie. Sturge-Weber Syndrome). Nearly all CMs contain a somatic mutation in the GNAQ gene.
To date, no CM endothelial cell (EC) model exhibits stable knock-in of the GNAQ p.R183Q mutation
under the control of the endogenous promoters and enhancers of the gene. The purpose of this study
was to: (1) create a novel, stable GNAQ mutant EC line and (2) develop a high-throughput screening
(HTS) assay for identifying targeted pharmacotherapies for CM.

Methods: Utilizing CRISPR-Cas9, the GNAQ p.R183Q mutation was introduced into immortalized arterial
endothelial cells (teloHAECs). Digital droplet PCR (ddPCR) and Western Blot was conducted comparing
mutant and control cells. For in-vitro drug experiments, cells were plated at 20k cells/cm2 and
treatments applied for 24-hours. Conditioned culture media was collected and processed for
angiopoietin-2 (ANGPT2) protein levels using AlphaLISA.

Results: Phenotypic analysis of GNAQ p.R183Q teloHAECs reveal expected expression of mutant
transcript and elevated levels of phosphorylated phospholipase C-beta 3. A key regulator of vessel
formation, ANGPT2, was confirmed upregulated 2.4- to 7.2-fold in mutant compared to control cells.
Treatment of mutant cells with Trametinib (MEK inhibition), YM 254890 (Gag-protein inhibitor),
Sotrastaurin (PKC inhibitor), and VS-4718 (focal adhesion kinase inhibitor) show reduction of secreted
ANGPT2 by 3.2- to 6.8- fold. Our AlphaLISA HTS assay preliminarily reveals a Z1 factor of 0.69 and a
signal to noise ratio of 51.6.

Conclusion: Our teloHAEC model is a stable, easy to use cell model for CM that recapitulates many
previously published molecular findings associated with the GNAQ p.R183Q activating mutation. Our
model coupled with the successful development of a robust, ANGPT2 based AlphaLISA HTS pave the way
for the identification of targeted pharmacotherapy for CM.

Somatic mutations GNAQ183 do not only cause Port Wine Stain/Capillary malformation: Troncular
venous abnormalities in a series of patients.

Eulalia Baselga (Department of Dermatology. Hospital Sant Joan de Deu); Luisa Fernanda Montenegro
(Department of Dermatology. Hospital Sant Joan de Deu); Elena Marin-Manzano (Department of
Vascular Surgery. Hospital Universitario La Paz, Madrid, Spain); Marta Ivars (Department of
Dermatology. Hospital Sant Joan de Deu); Carine Van der Vleuten (Radboudumc Center of Expertise
Hecovan, Nijmegen, The Netherlands); Olivia Boccara (Service de Dermatologie Pédiatrique, Hopital
Necker-Enfants Malades, AP-HP, Paris, France.); Laurence Boon (Division of Plastic Surgery, Center for
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Vascular Anomalies, Cliniques Universitaires Saint Luc, UCLouvain, Brussels, Belgium); Valerie
Dekeuleneer (Division of Plastic Surgery, Center for Vascular Anomalies, Cliniques Universitaires Saint Luc,
UCLouvain, Brussels, Belgium); Ana Martin _Santiago (Department of Dermatology. Hospital Son
Espases, Mallorca, Spain); Marie-Antoinette Sevestre (Service de Médecine Vasculaire, CHU d'Amiens,
Amiens, France.); MArtin Theiler (Department of Dermatology . Pediatric Skin Center, Department of
Dermatology, University Children's Hospital Zurich, Zurich, Switzerland.); Lisa Weibel (Department of
Dermatology. Pediatric Skin Center, Department of Dermatology, University Children's Hospital Zurich,
Zurich, Switzerland.); Sonia Paco (Department of Molecular Oncology. Hospital Sant Joan de Deu,
Barcelona, Spain); Cinzia Lavarino (Department of Molecular Oncology. Hospital Sant Joan de Deu,
Barcelona, Spain); Daniel Antonio Brualla (Department of Dermatology. Hospital Sant Joan de Deu,
Barcelona, Spain); Carolina Prat (Department of Dermatology. Hospital Sant Joan de Deu, Barcelona,
Spain); Aasuncion Vicente-Villa (Department of Dermatology. Hospital Sant Joan de Deu, Barcelona,
Spain); M Angeles Mufioz-Miguelsanz (Department of Pediatric Surgery. Son Espases Hospital, Spain.);
Miikka Vikkula (Human Molecular Genetics, de Duve Institute, University of Louvain, Brussels, Belgium,
WELBIO department, WEL Research Institute, Wavre, Belgium.); Juan Carlos Lopez-Gutierrez
(Department of Pediatric Surgery. Hospital Universitario La Paz, Madrid, Spain.)

Purpose: Geographic capillary malformations on lower limbs, as seen in conditions like Klippel-
Trenaunay Syndrome or CLOVES, are often associated with a persistent marginal vein and other vein
abnormalities. Pale/reticulated lower limb capillary malformations may also have associated varicosities,
a condition oten referd to as capillary-venous malformation of the lower limb. However, The
development of varicosities, atrophie blanche or venous ulcers, in patients with port-wine
stains/capillary malformations (PWS/CM) due to GNAQ183 somatic variants is less recognized.

Methods: In this retrospective study, we reviewed electronic and photographic records from five
institutions to comprehensively describe venous anomalies in patients with GNAQ183 CM of the limbs.

Results: Twenty-two patients (9 M/14 F, mean age: 24 years) with CM due to somatic GNAQp.R183Q
variants in the lower extremities were included. Superficial and/or deep vein abnormalities were
observed, with dilated veins typically not visible at birth but developing later (between 19 months and
10 years). Some patients exhibited atrophie blanche and darkening of CM at older ages, and four
developed venous ulcers (two before 25 years). None presented with deep vein thrombosis or
pulmonary thromboembolism. Imaging studies (Doppler ultrasound or MRI) in 20 patients revealed
various abnormalities, including agenesis or hypoplasia in 12 cases, aberrant drainage through
superficial veins in 9, and persistent embryological veins such as marginal veins in 3.

Conclusion: Patients with GNAQ183 CM of the limbs may be misdiagnosed with Klippel-Trenaunay
syndrome. Recommendations include regular Doppler ultrasound, especially beyond 10 years of age,
and for those with vein anomalies: monitoring of D-dimers and fibrinogen, education on thrombosis risk,
avoidance of prothrombotic factors, and the use of compression stockings. Larger prospective studies
are needed to fully understand the incidence of venous abnormalities in these patients.

Application of Artificial Intelligence in Quantitative Evaluation of Facial Port-Wine Stains

Lan Luo (Department of Plastic and Reconstructive Surgery, Shanghai Ninth People's Hospital, School of
Medicine, Shanghai Jiaotong University); Wenjun Fu (Institute of Science and Technology for Brain-
Inspired Intelligence, Fudan University, Shanghai); Shanfeng Zhu (Institute of Science and Technology for
Brain-Inspired Intelligence, Fudan University, Shanghai); Lin Xiaoxi (Department of Plastic and
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Reconstructive Surgery, Shanghai Ninth People’s Hospital, School of Medicine, Shanghai Jiaotong
University)

Purpose: The efficacy evaluation of port-wine stains (PWSs) consists of subjective and objective
evaluations. Subjective evaluation is mainly the visual analogue score (VAS) assessed by clinical doctors,
while the objective evaluation includes spectrometer measurements, dermoscope measurements, and
other imaging examinations. Spectrometer is the most commonly used quantitative evaluation method
in PWSs quantitative evaluation, however, its accuracy is influenced by the force and measure point
while measuring. This study is to accurately quantify PWSs, thus to assist both doctors and patients in
efficacy evaluation and disease management.

Methods: We used the standard pictures from our patients database to build a system that were able to
automatically and objectively evaluate the efficacy of PWS treatment by combining deep learning based
image segmentation and three-dimension face reconstruction. To verify the reliability of this system, we
then asked the system and five relevant clinical doctors to evaluate the area changes of 20 PWSs
patients after receiving one session of photodynamic therapy.

Results: The system was built successfully. Pearson correlation analysis showed a good correlation
between the evaluation of this Al system and the evaluation of clinical doctors (r=0.9137, P<0.01).
Weighted Kappa indicates good consistency (k= 0.78), confirming the reliability of this artificial
intelligence quantification system.

Conclusion: This system could reconstruct the three-dimension model of PWSs, accurately quantify the
lesion area, and evaluate the efficacy by assisting in calculating the changes of the lesion before and
after treatment. Our artificial intelligence quantification PWSs evaluation system can provided an
innovative model for the application of artificial intelligence in PWSs quantification evaluation.

Comparison of pulsed dye Laser Medicine and photodynamic therapy in the treatment of port-wine
stain: a retrospective paired control study

Gang Ma (Department of Plastic and Reconstructive Surgery, Shanghai Ninth People's Hospital, School of
Medicine, Shanghai Jiaotong University); Yuyan Zhang (Department of Plastic and Reconstructive
Surgery, Shanghai Ninth People's Hospital, School of Medicine, Shanghai Jiaotong University); Lan Luo
(Department of Plastic and Reconstructive Surgery, Shanghai Ninth People's Hospital, School of Medicine,
Shanghai Jiaotong University); Yue Han (Department of Plastic and Reconstructive Surgery, Shanghai
Ninth People's Hospital, School of Medicine, Shanghai Jiaotong University); Hanru Ying (Department of
Plastic and Reconstructive Surgery, Shanghai Ninth People's Hospital, School of Medicine, Shanghai
Jiaotong University); Wenxin Yu (Department of Plastic and Reconstructive Surgery, Shanghai Ninth
People's Hospital, School of Medicine, Shanghai Jiaotong University); Jiafang Zhu (Department of Plastic
and Reconstructive Surgery, Shanghai Ninth People's Hospital, School of Medicine, Shanghai Jiaotong
University); Lixin Zhang (Department of Plastic and Reconstructive Surgery, Shanghai Ninth People's
Hospital, School of Medicine, Shanghai Jiaotong University); Lin Xiaoxi (Department of Plastic and
Reconstructive Surgery, Shanghai Ninth People’s Hospital, School of Medicine, Shanghai Jiaotong
University)

Purpose: port-wine stain (PWS) is the most common congenital vascular malformation. Pulsed dye laser
(PDL) is the gold standard therapy in the world, but its therapeutic efficiency is limited. Since the
application of photodynamic therapy (PDT) in PWS in 1990s, the therapeutic effect of PWS has been
significantly improved. However, there are many unknowns about the efficacy, safety, application scope
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and influencing factors of PDL and PDT. This study compared the clinical efficacy and safety differences
between PDL and PDT in the treatment of PWS through a retrospective paired control study.

Methods: A retrospective paired control study was conducted to analyze 60 PWS patients who had been
treated with PDL or PDT only for 3 times, respectively, to compare the overall efficacy and safety
differences between the PDL group and the PDT group, and to compare the influence of different
anatomical site lesions on the efficacy and safety of both.

Results: The overall effective rate and significant efficiency of PDT group were higher than those of PDL
group. The curative effect of PDT group was significantly higher than that of PDL group in V1, V2 and V3,
but there was no significant difference in neck. In the PDT group, lesion localization had no effect on the
efficacy, while PDL had poor effect on the V2 lesions.

Conclusion: PDT and PDL are effective noninvasive treatment for PWS. Compared with PDL, PDT showed
significantly higher efficacy for facial lesions. For PDT, different facial regions had no significant effect on
the efficacy, while PDL had a poor effect on V2 region.

Staged Surgical Correction for Patients with Facial Port-Wine Stains

Hanru Ying (Department of Plastic and Reconstructive Surgery, Shanghai Ninth People's
Hospital, School of Medicine, Shanghai Jiaotong University); Lei Chang (Department of Plastic
and Reconstructive Surgery, Shanghai Ninth People's Hospital, School of Medicine, Shanghai
Jiaotong University); Yun Zou (Department of Plastic and Reconstructive Surgery, Shanghai Ninth
People's Hospital, School of Medicine, Shanghai Jiaotong University); Zhixu Liu (Department of
Oral & Cranio-maxillofacial Surgery, Shanghai Ninth People's Hospital, Shanghai Jiao Tong
University School of Medicine & College of Stomatology); Yajing Qiu (Department of Plastic and
Reconstructive Surgery, Shanghai Ninth People's Hospital, School of Medicine, Shanghai Jiaotong
University); Gang Ma (Department of Plastic and Reconstructive Surgery, Shanghai Ninth
People's Hospital, School of Medicine, Shanghai Jiaotong University); Hui Chen (Department of
Plastic and Reconstructive Surgery, Shanghai Ninth People's Hospital, School of Medicine,
Shanghai Jiaotong University); Lin Xiaoxi (Department of Plastic and Reconstructive Surgery,
Shanghai Ninth People’s Hospital, School of Medicine, Shanghai Jiaotong University)

Purpose: The majority of patients with port-wine stains commonly develop soft-tissue and/or bony
hypertrophy leading to facial asymmetry, functional deficits and psychological problems. This study
analyzes the structural deformities of facial PWS and provides corresponding surgical solutions.

Methods: We conducted a retrospective case review of facial capillary malformations patients who
underwent surgical procedure(s) in our vascular anomalies center from 2010 to 2023. We assessed their
medical records and photographs. Three-dimensional computed tomography was conducted to evaluate
bony asymmetry, and enhanced magnetic resonance imaging was analyzed to estimate soft-tissue
hypertrophy.

Results: Of the 280 patients who presented with facial port-wine stain, 231 (82.5 percent) had soft-
tissue hypertrophy in one or more dermatomes, resulting in facial asymmetry. Only 25.49 percent of
patients had V1 involvement and all of these cases combined with other dermatomal involvement, 38.8
percent had exclusive V2 involvement, 19.6 percent had solely V3 involvement, 17.6 percent had V2 and
V3 involvement. The most common hypertrophic manifestations were macrocheilia, prominent malar
complex and parotid gland hypertrophy on the affected side. In this study, surgical procedures included
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fractional resection, complete resection followed by local flap or skin graft transplantation, two-staged
surgery applying adjacent or free expanded flaps or expanded prefabricated flap, superficial
parotidectomy combined with the dissection of the facial nerve, macroglossia reduction, genioplasty,
zygomatic reduction and orthognathic surgery. The technique and incisions used for each facial zone are
described in detail. In all cases, incisions were placed along existing boundaries of facial subunits. Serial
pulsed-dye laser or photodynamic treatments were also performed.

Conclusion: More than 80 percent of patients with facial capillary malformation experience soft-tissue
hypertrophy with or without bony remodeling. Tailored surgical designs are necessary to address
different deformities. We describe staged surgical treatments for these patients to achieve the best
aesthetic appearance while preserving and restoring maximum function.

Macrocephaly Associated with Sturge-Weber Syndrome: Presentation of Two Cases

Marta Ivars (Barcelona ChildrenA’s Hospital Sant Joan de Deu); Ana Martin-Santiago (Dermatology
Department. Son Espases Hospital. Mallorca.); Aniza Giacaman (Hospital Universitari Son Espases);
Carmen Fons (Neurology Department. Sant Joan de Deu Hospital); Jordi Muchart (Radiology Department.
Sant Joan de Deu Hospital); Cinzia Lavarino (Hospital Sant Joan de Déu); Sonia Paco (Department of
Molecular Oncology. Hospital Sant Joan de Deu, Barcelona, Spain); Sandra D. Castillo (Josep Carreras
Research Institute); Mariona Graupera (1JC); Carlota Rovira (Pathology Department. Sant Joan de Deu
Hospital.); Eulalia Baselga (Department of Dermatology. Hospital Sant Joan de Deu)

Purpose: Sturge-Weber syndrome (SWS) is a neurocutaneous disorder that associates a facial port-wine
stain (PWS) and venocapillary malformations in meninges and/or eye. Complications include glaucoma
and neurological symptoms, but also bony and/or soft tissue overgrowth ipsilateral to the PWS. We
describe the atypical cases of two children with SWS with extensive PWS, associated with a pronounced
and progressive macrocephaly.

Methods: -Patient 1: 2-year-old girl with extensive PWS. Brain MRI at one month of life did not detect
indirect signs of SWS. Ophthalmologic examination was normal. At 3 months of age she started a
progressive increase in head circumference (HC percentile >99). At 12 months of age she presented her
first epileptic seizure. -Patient 2: 7-year-old boy diagnosed with pigmentovascular phacomatosis. Brain
MRI at 2 years of age showed asymmetric enhancement of the choroid plexus. At 4 months of age, he
started a progressive increase in head circumference (HC percentile >99). He has never presented
epileptic seizures or stroke-like episodes. At the age of one year he required a trabeculectomy for
glaucoma. Brain MRI at one year of life in both patients showed a striking bony thickening of the diploe
associated with marked cerebral cortical atrophy. Genetic study performed on a skin sample, detected a
somatic mutation in GNAQ183 in both patients.

Results: -In recent years, early brain MRI has proven useful in identifying indirect signs of
leptomeningeal angiomatosis but they are not universally identifiable in all cases. -We present 2
exceptional pediatric cases of SWS that debuted with a risky facial PWS and progressive macrocephaly
and cranium overgrowth without indirect radiological signs characteristic of leptomeningeal
angiomatosis.

Conclusion: -Macrocephaly in patients with PWS is not specific to PROS syndrome. -The genetic study is

useful in the diagnosis of atypical forms of complex vascular syndromes and allows the follow-up of
patients with possible complications.
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Double non allelic somatic activating oncogene variants in a series of vascular anomalies.

Pierre Vlabres (Université de Bourgogne); Thomas Hubiche (CHU Nice, France); Stéphanie Mallet (CHU La
Timone, Marseille, France); Annabel Maruani (CHU Tours, France); Bertille Bonniaud (CHU Dijon-
Bourgogne, France); Jehanne Martel (CHU Dijon-Bourgogne, France); Laurence Faivre (CHU Dijon-
Bourgogne, France); Paul Kuentz (CHU Besang¢on)

Purpose: In contrast with multiple somatic alterations found in malignancies, activating somatic variants
in vascular anomalies (VAs) usually involve a single oncogene. The identification of multiple non-allelic
variants in tissue from vascular anomalies has rarely been reported, and their frequency and
pathogenicity remain unknown.

Methods: We performed deep next generation sequencing (NGS) using a 55-gene panel in 237 affected
tissue samples from 202 patients referred for various skin birthmarks, including vascular anomalies. The
phenotype of patients harbouring two non-allelic somatic variants was further characterized.

Results: Three adult patients with vascular anomalies (1.5%) each harboured two non-allelic oncogene
variants, previously reported as pathogenic, in affected tissue. Patient #1 had an extensive congenital
melanocytic nevus on her trunk overlapping a scapular intramuscular venous malformation, harbouring
NRAS and TEK variants. Patient #2 had a PIK3CA-related overgrowth spectrum (PROS) phenotype, with
an extensive pale capillary malformation (CM). A darker superimposed linear CM on her neck harboured
PIK3CA and GNAQ variants. Patient #3 had an extensive CM on his face, trunk, lower limbs, and right
arm where GNAQ and PIK3CA variants were found. In all cases, a major variant with a VAF >10% and one
with a lower VAF (<2%) were present.

Conclusion: The frequency of double non-allelic somatic variants in VAs had not previously been
estimated form multiplex gene sequencing. Superimposed hamartomas ("twin spotting") involving two
different cell lineages in patient #1, as well as the pattern of CMs in patient #2, suggest that both
variants were early-onset drivers of the phenotype in the embryo, although different VAFs suggest that
they were asynchronous. In contrast, the PIK3CA variant in patient #3 appears as a late-onset event
occurring on a congenital CM harbouring a GNAQ variant, as previously reported with BRAF and NRAS
variants in secondary pyogenic granulomas arising on CMs.

Assessment of gene—disease associations and recommendations for genetic testing for somatic
variants in vascular anomalies by VASCERN-VASCA

Nicole Revencu (Center for Human Genetics, Cliniques universitaires Saint-Luc, University of Louvain,
Brussels, Belgium; VASCERN VASCA European Reference Centre); Astrid Eijkelenboom (Department of
Pathology, Radboud university medical center, Nijmegen, the Netherlands, VASCERN VASCA European
Reference Centre); Claire Bracquemart (Normandie Univ, UNICAEN, CHU Caen Normandie, Service de
Génétique, BIOTARGEN EA 7450, 14000 Caen, France, VASCERN VASCA European Reference Centre); Pia
Alhopuro (HUS Diagnostic Center, Laboratory of Genetics, University of Helsinki and Helsinki University
Hospital, Helsinki, Finland, VASCERN VASCA European Reference Centre); Judith Armstrong (Institut de
Recerca Sant Joan de Déu, Esplugues de Llobregat, CIBER-ER (Biomedical Network Research Center for
Rare Diseases), Instituto de Salud Carlos Il (ISCIll), Madrid, and Genomic Unit, Molecular and Genetic
Medicine Section, Hospital Sant Joan de Déu, Barcelona, Spain, VASCERN VASCA European Reference
Centre); Eulalia Baselga (Department of Dermatology; Hospital Sant Joan de Deu, Barcelona, Spain,
VASCERN VASCA European Reference Centre); Claudia Cesario (Laboratory of Medical Genetics,
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Translational Cytogenomics Research Unit, Bambino Gesu Children Hospital and Research Institute,
IRCCS, Rome, Italy, VASCERN VASCA European Reference Centre); Marialisa Dentici (Bambino Gesui
Children's Hospital, IRCCS, Rome, 00165 Italy, VASCERN VASCA European Reference Centre); Melanie
Eyries (Sorbonne Université, Département de génétique, Assistance Publique-Hdpitaux de Paris, Hopital
Pitié-Salpétriere, Paris, France, VASCERN VASCA European Reference Centre); Sofia Frisk (Dept of
Molecular Medicine and Surgery, Karolinska Institutet and Dept of Clinical Genetics, Karolinska University
Hospital, Stockholm, Sweden, VASCERN VASCA European Reference Centre); Helena Gdsdal Karstensen
(Dept. of Genetics, Center of Diagnostics, Copenhagen University Hospital - Rigshospitalet, Copenhagen,
Denmark, VASCERN VASCA European Reference Centre); Nagore Gene-Olaciregui (PhD, Laboratory of
Molecular Oncology, Pediatric Cancer Center Barcelona, Hospital Sant Joan de Déu, Barcelona, Spain,
VASCERN VASCA European Reference Centre); Sirpa Kivirikko (Department of Clinical Genetics, HUS
Diagnostic Center, University of Helsinki and Helsinki University Hospital, Helsinki, VASCERN VASCA
European Reference Centre); Cinzia Lavarino (Laboratory of Molecular Oncology, Pediatric Cancer Center
Barcelona, Hospital Sant Joan de Déu, Barcelona, Spain, VASCERN VASCA European Reference Centre);
Inger-Lise Mero (Department of Medical Genetics, Oslo University Hospital, Norway, VASCERN VASCA
European Reference Centre); Rodolphe Michiels (Center for Human Genetics, Cliniques universitaires
Saint-Luc, Université catholique de Louvain, Brussels, Belgium, VASCERN VASCA European Reference
Centre); Elisa Pisaneschi (Laboratory of Medical Genetics, Translational Cytogenomics Research Unit,
Bambino Gesu Children Hospital and Research Institute, IRCCS, Rome, Italy, VASCERN VASCA European
Reference Centre); Bitten Schénewolf-Greulich (Dept. of Genetics, Center of Diagnostics, Copenhagen
University Hospital - Rigshospitalet, Copenhagen, Denmark, VASCERN VASCA European Reference
Centre); llse Wieland (Institute of Human Genetics, University Hospital Otto-von-Guericke-University
Magdeburg, Magdeburg, Germany); Martin Zenker (Institute of Human Genetics, University Hospital
Otto-von-Guericke-University, Magdeburg, Germany); Miikka Vikkula (Center for Vascular Anomalies,
Cliniques universitaires St Luc, University of Louvain, Brussels, Belgium; VASCERN VASCA European
Reference Centre; and Human Molecular Genetics, de Duve Institute, University of Louvain, Brussels,
Belgium; and WELBIO department, WEL Research Institute, avenue Pasteur, 6, 1300 Wavre, Belgium)

PURPOSE: Vascular anomalies caused by somatic (postzygotic) variants are clinically and genetically
heterogeneous diseases with overlapping or distinct entities. The genetic knowledge in this field is
rapidly growing, and genetic testing is now part of the diagnostic workup alongside the clinical,
radiological and histopathological data. Nonetheless, access to genetic testing is still limited, and there is
significant heterogeneity across the approaches used by the diagnostic laboratories, with direct
consequences on test sensitivity and accuracy. The clinical utility of genetic testing is expected to
increase progressively with improved theragnostics, which will be based on information about the
efficacy and safety of the emerging drugs and future molecules. The aim of this study is to make
recommendations for optimising and guiding the diagnostic genetic testing for somatic variants in
patients with vascular malformations.

RESULTS: Physicians and lab specialists from 11 multidisciplinary European centres for vascular
anomalies reviewed the genes identified to date as being involved in non-hereditary vascular
malformations, evaluated gene—disease associations, and made recommendations about the technical
aspects for identification of low-level mosaicism and variant interpretation. A core list of 24 genes were
selected based on the current practices in the participating laboratories, the ISSVA classification and the
literature. In total 45 gene—phenotype associations were evaluated: 16 were considered definitive, 16
strong, 3 moderate, 7 limited and 3 with no evidence.
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CONCLUSION: This work provides a detailed evidence-based view of the gene—disease associations in
the field of vascular malformations caused by somatic variants. Knowing both the gene—phenotype
relationships and the strength of the associations greatly help laboratories in data interpretation and
eventually in the clinical diagnosis. This study reflects the state of knowledge as of mid-2023 and will be
regularly updated on the VASCERN-VASCA website (https://vascern.eu/).

The Mini-Multidisciplinary Vascular Anomalies Team Clinic: Steps to Improve Patient Access and
Volumes

Gresham Richter (University of Arkansas for Medical Sciences, Arkansas Children's Hospital Inc.); Amber
Smith (Arkansas Children's Hospital); Joana Mack (University of Arkansas for Medical Sciences)

Purpose: Multidisciplinary teams are important in the management of complex vascular anomalies as
multimodal treatment approaches are employed for optimal patient outcomes. At large centers, teams
can exceed over 10 disciplines with numerous providers and ancillary support. The coordination of large
teams can limit the number of clinics and available patient visits although, frequently, the entire team is
not required for each patient. Thus, we created a mini-multidisciplinary team (MMDVT) to improve
access, reduce wait time, and execute team strategies without requiring the entire team.

Methods: A MMDVT of two providers with specialty support was developed. Evaluation of patient
volumes, speed to clinic access, vascular diagnosis, and care coordination was performed with
comparison to the traditional team clinic.

Results: Weekly MMVDT clinics were organized for each of the two involved team leaders with
simultaneous sessions in the same hallway. Six to eight patients were scheduled per hour in each clinic
session. In less than 4 months, over 200 regional patient visits were conducted with expedited access to
care and included all vascular anomalies diagnosis. Coordination to appropriate treatment was
performed via electronic medical record messaging and scheduling. This compares to less than 80
patients in the traditional multidisciplinary team clinic. Better directed referrals to the full
multidisciplinary team was a secondary benefit.

Conclusion: Patient access and volumes can be improved with mini-multidisciplinary vascular team
clinics in comparison to full teams. We herein explain the process to create and support the MMDVT
using available resources and vascular coordinators.

A Precision Medicine Approach for Vascular Anomalies: Clinical Impact of Molecular Testing in 315
Patients Treated at a Single Center

Whitney Eng (Boston Children's Hospital/Dana Farber Cancer Institute); Melisa Ruiz-Gutierrez (Boston
Children's Hospital); Samantha Spencer (Boston Children’s Hospital, Harvard Medical School); Harry
Kozakewich (Boston Children's Hospital, Department of Pathology); Alyaa Al-lbraheemi (Boston Children's
Hospital, Department of Pathology); Marilyn Liang (Boston Children's Hospital); Amir Taghinia (Boston
Children's Hospital); Arin K. Greene (Boston Children's Hospital); Ahmad Alomari (Boston Children's
Hospital); Raja Shaikh (Boston Children's Hospital); Steven J. Fishman (Boston Children's Hospital,
Department of Surgery); John Mulliken (Boston Children's Hospital, Department of Plastic Surgery);
Denise M. Adams (CHOP); Alanna Church (Boston Children's Hospital)

Purpose: Recent discoveries have demonstrated that vascular anomalies arise primarily due to somatic
variants in cancer genes. While molecular profiling has become a mainstay of diagnostic testing in
cancer, its adoption in the clinical care of patients with vascular anomalies has not been ubiquitous.
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Methods: We evaluated the clinical utility of molecular profiling in vascular anomalies patients at a
single institution. We report on diagnostic clarification, identification of clinically actionable variants,
and use of targeted therapies. Pre-testing diagnoses were established via expert interdisciplinary review
of patient presentation, imaging, and histopathology. Post-testing diagnoses incorporated genetic
findings identified via molecular profiling.

Results: Variants in PIK3CA were identified in 47% (149/315) of all patients. Identification of PIK3CA
variants supported the pre-testing diagnosis in 82% (122/149), namely in PROS (for example, KTS, MCM,
FAVA, CLOVES) or isolated LM. Eighty-six percent of all PIK3CA variants identified occurred in one of 5
hotspots (C420R, E542K, E545K, H1047L, H1047R). Both targeted NGS and ddPCR testing identified
variants at low variant allele frequencies (average VAF = 6.9%). Five patients with a pre-testing diagnosis
of CLOVES had variants in PIK3R1. Several patients had variants in the RAS-MAPK pathway: MAP2K1
(n=10), NRAS (n=5), KRAS (n= 8), BRAF (n=6), SOS1 (n=5). Variants were also found in AKT (n=1), GNAQ
(n=4), GNA11 (n=2), RASA1 (n=3), PTEN (n=6). Targeted NGS led to diagnostic reclassification (n=21) and
identification of potential germline cancer predisposition (n=12). Molecular profiling demonstrated
actionable variants in 72% (226/315) of patients. As a result of genetic testing, 39 patients initiated
targeted medical therapy [alpelisib (n=19), miransertib (n=8), trametinib (n=16), selumetinib (n=2)].

Conclusion: Our study demonstrates the clinical utility of using a precision medicine approach in
patients with vascular anomalies, as this testing provided diagnostic clarity, identified actionable
variants, and provided support for the use of targeted therapies.

Improvement of histopathological diagnostics of vascular anomalies through spatial deep-phenotyping
using non-destructive 3D histopathology
Rene Haegerling (Charite - Universitaetsmedizin Berlin)

Purpose: For histopathological analysis and subsequent diagnosis of diseased tissues a fast and accurate
histopathological analysis of biopsied tissues or surgical specimens are essential. However, the 2-
dimensional slide-based histopathological analysis does not represent tissue structures and molecular
targets sufficiently, which aggravates an accurate and spatial analysis of the tissue.

Methods: To overcome these limitations, we have established a 3D histopathology approach based on
non-destructive volumetric Light-sheet microscopy, which bears the potential to revolutionize the way
pathological analysis are done. In comparison to conventional 2D pathology, non-destructive 3D
histopathology allows rapid slide-free histological imaging of a whole tissue sample, volumetric analysis
of diagnostic relevant structures such as immune cells or vessels as well as an improved spatial analysis
of cells and cell distribution relevant to study e.g. the vascular microenvironment. To achieve this, we
have successfully established a fluorescence-based analogue of the histological gold-standard staining
method, hematoxylin and eosin (H&E) staining, suitable for Light-sheet microcopy. In combination with
codon reassignment technology and nanobody-based staining protocols detecting relevant markers such
as immune cells, vessels or proliferation state, this approach offers cutting-edge diagnostic phenotyping
of the specimen. Due to the non-destructive nature of the optical sectioning methodology, the sample is
available for downstream applications such as molecular diagnostics of the previously imaged specimen.

Results: Using this approach, we were able to identify new vascular phenotypes, which will set the basis

for future improved histological classification. Newly identified spatial phenotypes of various vascular
anomalies will be presented.
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Conclusion: In summary, this innovative approach for 3D-histopathology allows more sophisticated and
detailed diagnosis of tissue samples from patients with vascular anomalies and has the potential to
become the new gold standard in histopathological analysis.

Bridging Cells and Cures: From Mechanisms to Dual Approach to Target Endothelial and Intervascular
Stromal Cells for Vascular Anomaly Treatment
Johanna P. Laakkonen (Assoc. Prof, Ph.D.)

Purpose: Venous Malformation (VM), Angiomatosis of Soft Tissue (AST) and FAVA are benign congenital
vascular anomalies that predominantly affect veins. More effective therapies are needed for
symptomatic patients. We have identified that, in addition to mutation harboring endothelial cells
driving the lesion formation, other cell types, notably fibroblasts, significantly contribute to venous
lesion vascularization. Fibrous connective tissue is present around vessels in AST or FAVA, and
sclerotherapy can induce secondary fibrosis in VM.

Methods: To investigate the crosstalk of endothelial cells and fibroblasts and its effect on vascular lesion
growth VM/AST patient samples, RNA-sequencing, cell culture techniques, small molecule inhibitors,
and a xenograft mouse model were used.

Results: Our studies demonstrated that fibroblasts induce pro-angiogenic endothelial cell phenotype via
the ErbB and VEGFR2 pathways. Patient-derived fibroblasts were shown to secrete multiple factors
regulating neovessel formation. Fibroblasts were further shown to increase vascularization of PI3K-
driven venous lesions in mice. As a proof-of-concept we showed that treatment with afatinib, inhibitor
of ErbB ligands, effectively reduced vascularization in PI3K-driven venous lesions in mice. We have
further explored the the therapeutic potential of dual-targeted inhibition of both endothelial and
intervascular stromal cells.

Conclusion: Our findings highlight the importance of the cellular microenvironment in regulating venous
lesion formation and suggest that a dual therapeutic approach, targeting both intervascular stromal cells
and endothelial cells, could be a potential strategy in treating venous lesions with a fibrotic component.

Evaluation of content and readability of ChatGPT-generated Educational Materials for Vascular
Anomalies

Christine Y. Wong (UCSF); llona Frieden (UC San Francisco); Erin Mathes (UCSF); Josephine Czechowicz
(University of California San Francisco - Benioff Children's Hospital)

Purpose: ChatGPT, a large language model, uses artificial intelligence to generate human-like responses
to prompts. The purpose of this study was to explore the utility of ChatGPT to generate educational
content for a vascular anomalies center website.

Methods: ChatGPT was provided the prompt: "Generate medical website content about [diagnosis] with
the headings "Overview," "Signs and Symptoms," "Diagnosis", "Genetics," and "Treatment", 200 words
total, at a 10th-grade reading level" for three diagnoses (venous malformations, infantile hemangiomas,
and PHACE syndrome). The content was scored by vascular anomalies experts and graded on accuracy,
level of medical detail, writing style, and completeness on a scale of 1 (strongly disagree) to 5 (strongly
agree). Reading level and word count were assessed with Microsoft Word.

Results: Eight attending physicians with expertise in vascular anomalies (three pediatric dermatologists,
three pediatric hematology-oncologists, one neuro-interventional radiologist and one diagnostic
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radiologist) participated. Content for venous malformations was highest-rated in Accuracy and
Completeness. PHACE syndrome content was rated lowest in these categories. Specifically, readers
commented on inaccuracy around imaging recommendations and a superficial writing style. Content on
infantile hemangiomas lacked details about specific medications and treatment expectations. Flesch-
Kincaid reading level and word counts were calculated as follows: Venous Malformations (grade 13.4,
291 words), Infantile hemangiomas (grade 13.9, 302 words) and PHACE syndrome (grade 15.4, 296
words).

Conclusion: Clinical information generated by ChatGPT has relevance and much of the content is
accurate with good readability. However, our study highlights limitations including a paucity of complete
and accurate information on genetics as well as diagnostics and therapies. Specifications of grade level
and word count varied by up to 5.4 grade levels and 102 words. Large language models have potential
for aiding clinicians in efficiently generating information for patients and other providers. However, true
clinical utility currently will require heavy modification to improve content.

Case Series of Prenatal Administration of Sirolimus (Tolerance and Efficacy)

lonela lacobas (Baylor College of Medicine, Houston, TX); Tara Rosenberg (Baylor College of
Medicine/Texas Children's Hospital); Roopali Donepudi (Baylor College of Medicine, Houston TX); Sharada
H. Gowda (Baylor College of Medicine/Texas Children's Hospital); Ahmed Nassr (Baylor College of
Medicine/Texas Children's Hospital); Alireza Shamshirsaz (Boston Children's Hospital); Magdalena Sanz
Cortes (Baylor College of Medicine/Texas Children's Hospital)

Purpose: Present postnatal outcomes of fetuses diagnosed with complicated vascular anomalies that
received prenatal sirolimus at a quaternary care center.

Methods: Four mothers pregnant with fetuses with complex vascular anomalies were treated with
sirolimus starting from 27-29 weeks gestational age to delivery (range of prenatal therapy: 3-9 weeks).
Babies were followed from birth to current date, 8-24 months old.

Results: Prenatal presentation: Fetus 1 - CLOVES phenotype with massive overgrowth of right upper
extremity and large chylothorax, required 2 pleuro-amniotic shunts before sirolimus. Fetus 2. Klippel-
Trenaunay phenotype with extensive intra-abdominal, pelvic and left lower extremity capillary-veno-
lymphatic malformation. Fetus 3: cervical lymphatic malformation with airway extension. Fetus 4:
Turner syndrome and large chylothorax that required 4 pleuro-amniotic shunts placement before
sirolimus. All mothers tolerated sirolimus well with mild side effects (mucositis, fatigue and a vaginal
fungal infection). Sirolimus daily doses ranged between 4-8mg po daily targeting trough levels of 8-
12ng/ml. Postnatal outcomes: 1. CLOVES phenotype - pleural effusions responded promptly to sirolimus
and did not require thoracentesis after birth. Spent 102 days in neonatal intensive care unit (NICU).
Patient continues sirolimus due to large venous and lymphatic malformations. 2. Klippel-Trenaunay
phenotype - Spent 7 days in NICU. Continues on sirolimus. 3. Cervical lymphatic malformation, 82-day
NICU stay due to difficulty feeding. Was on sirolimus for 14 months and now off doing very well. 4.
Turner syndrome with chylothorax and lymphedema, effusions decreased significantly while on
sirolimus prenatally and did not require intubation, thoracentesis, or sirolimus after birth. 9 days NICU
admission. Continues follow-up for lymphedema.

Conclusion: All mothers tolerated therapy well. No unexpected congenital anomalies outside of the
vascular malformations known before prenatal sirolimus administration were identified in 2 years
monitoring. Prenatal sirolimus is not a cure for vascular anomalies but can possibly decrease the
immediate post-natal complications and invasive procedures.
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How to increase the safety of surgical excision of facial vascular malformations. The role of adjuvant
intraoperative technologies in avoiding complications.

Rebecca Rossener (University of Sdo Paulo, Brazil); Dov Charles Goldenberg (University of Sao Paulo
Medical School); Marilia Emi Sato Ito (University of Sao Paulo); Rolf Gemperli (University of SGo Paulo,
Brazil)

Purpose: To evaluate surgical time, bleeding and facial palsy after surgical treatment of facial vascular
malformations using ultrasonic scalpel and intraoperative facial nerve monitoring.

Methods: Cross-sectional retrospective analysis of a series of extracranial head vascular malformation
operated by the same surgeon. Surgical resection was accomplished with use of harmonic scalpel and
intraoperative facial nerve monitoring. Facial nerve monitor was used for dissection and protection of
nerve branched during access and resection of the malformations. Patients' demographic data were
studied, as characteristics of the malformation. Proposed outcomes were surgical time in hours,
postoperative facial paralysis, bleeding and need for transfusion.

Results: Twenty-two cases were evaluated (2008-2023). Malformations were mostly venous (50%) and
arteriovenous (40,9%). Ultrasonic scalpel was used in 12 cases (54.54%). Facial nerve monitor was used
in 66.67% of cases, where the lesion was located, or surgical access crossed the territory of the facial
nerve. The average procedure duration was 3.8 hours. In contrast, in cases where ultrasonic scalpel was
used, it was 3.25 hours. Partial facial paralysis was diagnosed as permanent in 9.09% and transient in
4.54%. In the ultrasonic scalpel group, there were no cases of permanent facial paralysis. Despite facial
nerve monitoring, 15.38% permanent facial nerve changes and 7.69% transient were observed. In all
cases it was selective and related to muscular resection. In 9.09% of operated cases, there was need for
blood transfusion. This rate falls to 8.33% in patients operated using ultrasonic scalpel. There were no
reports of hemorrhagic intraoperative complications.

Conclusion: The ultrasonic scalpel promoted a trend for reduction in surgical time and low rate of facial
paralysis. Transfusion rates seems more elated to lesion dimensions. Although there was no significant
decrease in postoperative facial paralysis, the absence of cases of paralysis in branches manipulated but
not primarily affected by the malformation supported the indication of nerve monitoring.

Why do adults present with new-onset Vascular Malformations? Retrospective cohort study from a
Multidisciplinary Vascular Anomalies Center

Ayushi Gautam (UCSF); Josephine Czechowicz (UCSF); Erin Mathes (UCSF); Mark Mamlouk (UCSF); Arman
Shoyatev (UCSF); llona Frieden (UCSF)

Purpose: Most vascular malformations (VMalf) are due to somatic or germline mutations and they most
often present in infancy or childhood. However presentation as an adult with no previous signs or
symptoms is not rare. We aimed to better characterize features in this group and consider potential
pathogenetic implications.

Methods: Retrospective chart review of all adult patients presenting to our multidisciplinary VascAnom
center between 2018 and 2021. Diagnosis (with clinical radiologic or histopathologic correlation),
relevant past medical history including family history and recalled history of trauma or provoking factors
were recorded.

Results: Of 412 total patients seen, 172/412 (41.7%) were >18 years and 46/412 (11.2% of total) had no
history or signs or symptoms before age 18. Venous malformation (29/46; 63%), primarily intra-
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muscular, was the most common diagnosis. Two had late-onset multifocal venous malformations. Also
observed were arteriovenous malformations (10/46; 22%), fibro-adipose vascular anomalies (FAVA)
(2/46, 4%) and acquired vascular neoplasms (3/46, 7%). Only 2 patients had lymphatic malformations,
one possibly iatrogenic due to cardiac surgery. Most had no skin-color changes but many had soft-tissue
swelling leading to evaluation. The mean age of onset was 34 years with mean age of presentation 43
years. Locations included the head and neck (18/46; 39%), upper extremity (11/46; 24%), lower
extremity (15/46; 33%), genitourinary region (1/46; 2%) and torso (1/46; 2%). Further analysis with a
larger cohort is underway.

Conclusion: Adult-onset vascular malformations are not rare. Nearly 85% had either VMs or AVMs;
lymphatic or capillary malformations were far less common. Our findings suggest that many late-
presenting VMalf congenital with tardive onset, but further research including genomic studies are
needed to help elucidate etiopathogenesis including the role of trauma and other provoking factors.

A Decade of Bleomycin

Joseph Michael Miller (Children's Hospital Los Angeles); Shimwoo Lee (CHLA); Erin Delfosse (CHLA); Mary
Timbang (CHLA); Gabriel Gomez (CHLA); Minnelly Luu (CHLA); Meagan Hughes (CHLA); Jessica Lee
(CHLA); Sara Kreimer (Children's Hospital Los Angeles); Dean Anselmo (CHLA)

Purpose: While still considered a second-line agent, our practice has regularly utilized bleomycin for
treatment of vascular anomalies since 2014, typically in lesions or anatomic regions unlikely to tolerate
edema. We describe our experiences, successes, and complications performing 403 individual
procedures with bleomycin across 188 patients during this period.

Methods: Procedural report includes 6 orbital venolymphatic malformation (four patients), 4 acral
hemosideric lymphatic malformation (single patient), 127 lymphatic malformation (59 cervicofacial, 68
other), 19 glomuvenous malformation (eight patients), 1 verrucous venous malformation, 192 venous
malformation (132 of the extremities, 60 other), 8 fibroadipose vascular anomaly (three patients), 11
hemangioma (single patient), and 35 arteriovenous malformation (22 head and neck, 13 other; seven
patients).

Results: Clinical success rates for each group will be described in detail, however of note GVM cure rate
of 89% observed and single large glabellar non-involuting congenital hemangioma debulked to allow
resection without skin graft. Standard single session bleomycin dose was kept to under 15 units, but in
less than 2% of cases was between 15 and 30 units. Maximum lifetime dose of bleomycin administered
was less than 100 units for all patients, but was significantly higher on average for patients with AVM
(9.5 units to 79.5 units lifetime). All AVM located within the head/neck showed both angiographic and
clinical response to bleomycin, while none of the other AVM did (p = 0.03). This discrepancy did not
appear to be related to dose delivered (p = 0.17). Few complications were witnessed across the 403
procedures. Skin ulceration: 0, flagellate erythema: 0, clinically-apparent pulmonary injury: 0 (including
hypersensitivity pneumonitis and pulmonary fibrosis, although note that PFTs were not measured),
hyperpigmentation: 5.

Conclusion: We discuss potential mechanisms for hyperpigmentation based on a synthesis of
bleomycin's pharmacokinetics, mechanism of action, and our experience, suggesting future avenues for
benchtop research.

Session 9: Difficult Cases
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Lightening striking twice: patients with two distinct vascular malformations

Maya Muldowney (University of Wisconsin School of Medicine and Public Health); Beth A. Drolet
(University of Wisconsin School of Medicine and Public Health); Catharine Garland (University of
Wisconsin School of Medicine and Public Health); Jason Pinchot (University of Wisconsin School of
Medicine and Public Health); Sarah E. McDermott (University of Wisconsin School of Medicine and Public
Health); Todd Le (University of Wisconsin School of Medicine and Public Health); Donglin Zhang
(University of Wisconsin School of Medicine and Public Health); Lisa Arkin (University of Wisconsin School
of Medicine and Public Health)

Purpose: The occurrence of any one vascular anomaly due to a somatic mutation is rare. Estimated
incidence is 1 in 300 for capillary malformations, 1-2 in 10,000 for venous malformations, and 1 in
100,000 for arteriovenous malformations. Yet, a very small proportion of these individuals have more
than type of vascular malformation due to distinct genetic mutations.

Methods: Patients with >1 vascular anomaly type were identified within a multi-site cohort study
dedicated to better understanding vascular anomalies. Through this study, demographic, clinical, and
genetic data are collected and entered in a centralized HIPAA-compliant database (REDCap).

Results: Two patients were identified as having two distinct vascular malformations, confirmed by
genetic testing. A 41-year-old female had a port wine stain (GNAQ p.Arg183GIn) of the left temple and
an arteriovenous malformation (HRAS p.Gly75_Glu76insMetArgAspGInTyrMetArgThrGly) of the left
proximal forearm. A 9-year-old male had a port wine stain (GNAQ p.Arg183GIn) affecting the right face,
neck, and arm and a venous malformation (TEK p.Leu914Phe) affecting the left hemipelvis and knee.

Conclusion: Given that having just one vascular malformation is rare, what could explain the occurrence
of two distinct mosaic vascular mutations within the same individual? We are curious if these individuals
have a genetic susceptibility and are interested in testing that could elucidate this phenomenon.

GNA11+ Frontal Segmental Vascular Anomaly Associated With Intracerebral Vascular Malformation: A
Challenging Case

Daniela Kramer (Hospital Luis Calvo Mackenna); Antonella Mufioz (Médico General Pontificia Universidad
Catdlica de Chile); Maria Cossio (Pontificia Universidad Catolica de Chile); Camila Downey (Clinica
Alemana - UDD); Paulo Zuiiiga (Clinica Alemana - UDD); Lizbet Perez (Clinica Alemana - UDD); Laura
Moneguini (ASST Santi Paolo e Carlo di Milano); Giacomo Colletti (University of Modena and Reggio
Emilia)

Purpose: Describe a challenging case of a male born with an unusual vascular segmental facial anomaly
complicated by heart failure secondary to a high flow dural fistula

Methods: Description of a unique clinical, histopathologic and genetic evaluation in a male infant
observed over 6 years.

Results: A 37-week-old male newborn delivered for prenatal ultrasound findings of a forehead tumor
associated with fetal congestive heart failure signs. At birth he presented a segmental, palpable, left
facial, bright red vascular anomaly with sharp-defined borders, involving upper eyelid, forehead and the
adjacent scalp. A remarkable venous ingurgitation on the upper chest and neck was present. Shortly
after birth, he developed progressive cardiac failure and secondary pulmonary hypertension, mainly due
to the presence of a high-flow dural fistula in the posterior fossa detected on MRI, which was treated
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with endovascular embolizations, with resolution of cardiac involvement. No concomitant congenital
anomalies were present. At 8 months of age, an oral trial of propranolol at 2.5 mg/kg/day was
administered for 2 months, with no modification of the lesion. Throughout the years of observation he
received periodic ophthalmologic, cardiologic, dermatologic and neurologic evaluation. He has no
developmental delay and vision is diminished in the ipsilateral eye, without signs of glaucoma. Clinically,
the vascular lesion remained stable, exhibiting neither consistent involution nor growth. No areas of
ischemia nor ulceration developed. Only a subtle change in color and flattening, characterized by a
reduction in the number and depth of surface furrows, was observed. At 4 years of age, the lesion was
completely excised. Histology showed a GLUT1 negative superficial and deep dermal vascular
proliferation. Genetic study of the tissue revealed a Q209P GNA11 mutation.

Conclusion: We present a challenging case involving a GNA11 vascular segmental anomaly associated
with an intracerebral anomaly, contributing to the spectrum of these complex vascular anomalies

Unusual Presentation of Coronary Artery Fistula in Capillary Malformation-Arteriovenous
Malformation 2 Syndrome

Tyson C. Echols (Children's Hospital of Philadelphia); Seth E. Vatsky (Children's Hospital of Philadelphia);
Jonathan J. Rome (Children's Hospital of Philadelphia); Bryan A. Pukenas (University of Pennsylvania
Health System); Allison Davis Britt (Children's Hospital of Philadelphia); Jennifer Colt (Children's Hospital
of Philadelphia); Alexandra J. Borst (Children's Hospital of Philadelphia)

Purpose: This case illustrates an atypical presentation of capillary malformation-arteriovenous
malformation syndrome 2 (CM-AVM?2), featuring a unique occurrence of giant coronary aneurysm
requiring long-term anticoagulation and antiplatelet therapy.

Methods: Review of patient electronic health records and imaging studies.

Results: 22-day-old male presented with new cardiac murmur and was found on echocardiogram and
computed tomography angiogram (CTA) to have a large fistula from the left circumflex coronary artery
directly into the coronary sinus. The patient was monitored closely by echocardiogram until
presentation at age 1yo with left eye exophthalmos. MR imaging and subsequent angiography revealed
left-sided basilar artery to perforator venous fistula with dilation and tortuosity of the left superior
ophthalmic vein, enlargement of the left cavernous sinus with a large draining vein, and prominent flow
voids in the left anterior middle cranial fossa. He underwent IR embolization and coiling. Procedure was
complicated by subarachnoid hemorrhage and temporary need for external ventricular drain. Patient
was then noted to have several cutaneous capillary malformations and genetic testing was sent
revealing a pathogenic variant in EPHB4 c.175G>A, consistent with CM-AVM2 syndrome. Spinal imaging
for screening did not reveal any spinal vascular malformations. At age 3yo, the patient underwent
closure of the coronary AVF. The presence of prior AVF and subsequent closure resulted in secondary
massive aneurysmal dilation of the coronary artery. For prevention of coronary thrombosis, the patient
was initiated on dual anticoagulation and anti-platelet therapy with warfarin and aspirin.

Conclusion: Timely cardiac auscultation and imaging led to the discovery of an unusual coronary AVF.
Subsequent presentation of cerebral AVF and skin findings prompted genetic testing of pathogenic
EPHB4 variant, confirming diagnosis of CM-AVM2. Whether this represents an isolated phenomenon or
a new clinical feature in the spectrum of CM-AVM2 syndrome is unknown, but clinicians should consider
cardiac imaging for any patients with cardiac murmur.
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Difficult Case Presentation: Dual therapy with beta blockers and sirolimus in an infant with diffuse
hemangiomatosis

Elizabeth M. Cappello (Vanderbilt University Medical Center); Neeraja Swaminathan (Vanderbilt
University Medical Center); Meghan Beatson (Vanderbilt University Medical Center); Jami Miller
(Vanderbilt University Medical Center); Alan Boyd (Vanderbilt University Medical Center); Elizabeth
Snyder (Vanderbilt University Medical Center)

Purpose: Infantile hemangiomas are common, but diffuse neonatal hemangiomatosis and infantile
hemangiomatosis are rare. We present the case of a now 10-month-old infant with diffuse cutaneous
and hepatic hemangiomas who was initiated on intravenous beta blocker, steroid and sirolimus in the
setting of critical illness. The purpose of this submission is to present the clinical use of a) dual therapy
with beta blockers and sirolimus, and b) intravenous esmolol when oral propranolol is unable to be
utilized in diffuse neonatal hemangiomatosis.

Methods: Our team was consulted on a 2-day-old late preterm infant with diffuse innumerable
cutaneous and hepatic hemangiomas. Prenatally, fetus was noted to have a "tortuous vessel in liver."
Patient was initially started on oral propranolol at 3 days of life and tolerated maximum dose. Patient
remained in the NICU for respiratory distress and development of feeding skills. Infant then developed
necrotizing enterocolitis requiring bowel rest and cessation of oral propranolol, with switch to
intravenous steroids for management of hemangiomas. Patient developed high output cardiac failure,
severe hypothyroidism, and respiratory distress due to severe tracheo-bronchomalacia. Airway
evaluation did not reveal hemangiomas. Patient clinically decompensated with escalation of respiratory
support and inability to give enteral medication. Hemangioma on forearm was biopsied with positive
GLUT-1 staining consistent with infantile hemangioma. Infant was initiated on triple therapy with
steroids, intravenous esmolol and sirolimus.

Results: Patient stabilized after starting this therapy and was weaned off steroids within two weeks.
Beta-blocker therapy was transitioned to oral propranolol, which infant has remained on along with
sirolimus. Hemangiomas have been stable based on clinical symptoms and imaging.

Conclusion: We present a challenging case of an infant with life-threatening diffuse infantile
hemangiomatosis treated with beta blockers and sirolimus therapy. Patient benefited from intravenous
esmolol when enteral beta blocker was not an option due to clinical complications.

GPR161 Unmasked: Expanding the Gene-Phenotype Relationship of an Emerging Tumor Suppressor
Catherine Cottrell (Nationwide Children's Hospital); Ying Chen Claire Hou (Nationwide Children's
Hospital); Vinay Prasad (Nationwide Children's Hospital); Anna Lillis (Nationwide Children's Hospital);
Ibrahim Khansa (Nationwide Children's Hospital); Thomas Scharschmidt (Nationwide Children's Hospital);
Kim Bjorklund (Nationwide Children's Hospital); Elizabeth Varga (Nationwide Children's Hospital)

Purpose: A now 15-year-old female presented for concern due to increasing hypertrophy of fatty tissue
around the right hip with no inciting event. Past history was significant for detection of multiple masses
in different body regions over time including the left foot (at 5y) and right elbow (at 8y). There was a
family history of pediatric and adult-onset cancer. Despite prior imaging and pathologic examination,
the constellation of the proband's clinical features were of uncertain etiology.

Methods: Imaging studies and biopsy of involved tissues were undertaken. To evaluate the genetic
underpinnings of disease, paired exome sequencing was performed using saliva as a germline
comparator along with somatic tissue from the elbow mass.
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Results: MRI of the elbow demonstrated an ill-defined area of abnormal T2 hyperintense and T1
hypointense signal within the subcutaneous soft tissue.