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Surgical Management in
Vascular Ehlers-Danlos Syndrome

* We do not have VEDS specific guidelines for aneurysms but can
extrapolate from current aneurysms/dissections recommendations

* General principles of open surgical techniques
* The role of endovascular approaches

* Knowing (or suspecting) the diagnosis in the preoperative setting
improves the outcomes



1 Classical EDS cEDS AD Major: COL5A1, COL5A1 Type V collagen
Rare: COL1A1 Type | collagen
c.934C>T, p.(Arg312Cys)
2 Classical-ike EDS clEDS AR TNXB Tenascin XB
3 Cardiac-valvular ovEDS AR COL1A2 (bullelic mutations that lead to COL142  Type | collagen
NMD and abeence of pro g2 collaoen chaing)
4 Vascular EDS vEDS AD Major: COL3A1 Type HI collagen
Rare: COL1A1 Type I collagen
¢.934C>T, p.(Arg312Cys)
c.1720C>T, p.(Arg374Cys)
c.3227C>T, p.(Arg1093Cys)
5 Hypermobile EDS hEDS AD Unknown Unknown
6 Arthrochalasia EDS aEDS AD COL1A1, COL1A2 Type I collagen
7 Dermatosparaxis EDS dEDS AR ADAMTS2 ADAMTS-2
8 Kyphoscoliotic EDS kEDS AR PLODI1 LHI1
FKBP14 FKBP22
9  Bntlde Cornea syndrome BCS AR ZNF469 ZNF469
PRDM35 PRDM5
10 Spondylodysplastic EDS spEDS AR B4GALT7 B4GalT7
B3GALTs B3GalT6
SLC39A13 ZIP13
11 Musculocontractural EDS mcEDS AR CHST14 D4ST1
DSE DSE
12 Myopathic EDS mEDS AD or AR COLI2A1 Type XII collagen
13 Periodontal EDS pEDS AD CIR Cir
C1S Cls

Vascular EDS
(VEDS) is

5%
of all Ehlers-

Danlos
syndromes

13 subtypes of EDS
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Oderich et al, Journal of Vascular Surgery, 2005
Shalhub et al, Journal of Vascular Surgery, 2019

Cerebrovascular 33%

Descending
Thoracic Aorta 7%

Ascending Thoracic E,
Aorta 5%

Hepatic 14% Splenic 21%

1 0,
Celiac 19% — RA12%
RRA 11%
__— SMA 7%
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Abdominal Aorta
12%
lliac arteries 40%

sVASCULAR

1 Low Frequency Disease Consortium
139 aortic/arterial
pathologies in 53
individuals (51% Male,
median age 33 years)



(\65) VEDS has a unique morphology of the infrarenral abdominal aorta and

SHSU common iliac arteries (Bell-Bottom iliacs)




. g F R AN o ey

) Bell Bottom lliacs

: ) 5

’ -

7 o

F, c.970G>A p.Gly324Ser
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% Aortic and arterial repair in VEDS is feasible

OHSU . .
* Most aneurysms and dissections can be managed

non-operatively

* Elective repairs have better outcomes than repairs

Int h ceme rge n Cy stettin g SVS Clinical Practice Guidelines on the Management of Visceral Aneurysms
* Knowing the diagnosis improves the outcomes | | e | e
. S.ysr};zt:);;\ra:ic ¢ All ;isg;;c;c;agl:;rysms
+ Growth >0.5cm/year P + All sizes in women of
N childbearing age

Gastroduodenal Arteries
Repair all aneurysms regardless of size

[ Pancreaticoduodenal and
J

Celiac Artery
+ All pseudoaneurysms
+ Size >2cm

* Yes, there are risks but the outcomes are better

\ i

when the repair is performed in an elective setting [:upgriTMesemem,;Tnp e

at a well supported setting

- in patients with refractory
hypertension and renal artery

Colic Artery

. . . Jejun:ill and lleal Arteries i S e il

* Currently we do not have VEDS specific guidelines but can [ SqiTaeic J regardlessofsze |
extrapolate from current aneurysms/dissections @\};"ngﬁgr Surgery  Chaer et al. J Vasc Surg, May 2020 p—
r e C O m m e n d a t I' O n S o bty e Voo iy Copyright © 2020 by the Society for Vascular Surgery® n @TheJVascSurg

 When intervention is required for an enlarging
arterial aneurysm or rupture, embolization and

: halh I, JVS, 2014
stenting are well tolerated Shalhub et al, JVS, 20

Shalhub et al, JVS. 2020



%) Vascular

Surgery
Principles

* Repairis indicated by size of
aneurysm or complications
of dissection

* Risk of surgery <<<<< Risk of
aneurysm rupture or
complications of dissection

* Management approach
(medical and surgical) varies
by type and location of the
aortic and arterial pathology




Shared deC|S|On-mak|ng ...because one size does not fit all...
OHSU patient priorities
Age

Cardiac function

Frailty / comorbid conditions

Prior operations

Zomploc <

When does the benefit of | “
: : : process =

open repair outweigh the risk icost -

of long-term endovascular

secondary interventions &

i ?
failure: ‘,

 The genotype helps predict tissue phenotype & assist with surgical planning
* Biological twinning




OHSU

* 38 y/o F with VEDS (COL3A1 c.718G>C, p.Gly240Arg) diagnosed at age
15 y/o

* Family History
e Father had VEDS

* Died at 49 from descending thoracic aortic aneurysm rupture

* Brother has VEDS
* Alive, age 37 with history of aortic dissection and colonic perforation



R. renal infarct and hemoperitoneum of unclear source







Carotid Cavernous Fistula at age 32

103436751




age 33 age 34

COL3A1: ¢.718G>C, p.Gly240Arg, Gly73Arg












\
%S) Medical management principles

OHSU
Risk factor modification Effect of celiprolol on prevention of cardiovascular events in
* Smoking cessation vascular Ehlers-Danlos syndrome: a prospective randomised,
open, blinded-endpoints trial
e Assessment and treatment for Mpm e bpt e LC’”Cf—’t p201€
hyperten5|0n [41 rinique P Germain, Gabriella Georgesco, Jean-Sebastien Hulot, Ann [? Paepe, Henr Plau H , Xavi unemaitre, Stephan an .
 Moderate aerobic exercise '
© JACC
Journal of the American College of Cardiology
Medical Management Volume 73, Issue 15, 23 April 2019, Pages 1948-1957 —
* Beta blockers, Angiotensin
Rece ptor BIOCke rS Original Investigation
e Vitamin C Vasc,ular Ehlers-Danlos Syndrome: Long-Term
* Low dose Aspirin (dissections) Observational Study
(] StOOI SOftenerS (aVO|d Michael Frank MD * ®, Salma Adham MD * €, Stéphanie Seigle MSc?, Anne Legtram: PharmD 2 ® € Tristan
Mirault MD, PhD # ©, Pierrick Henneton MD 2 &, Juliette Albuisson MD, PhD # ® € Nicolas Denarié MD 3,
ConStI patlon) Jean-Michaél Mazzella MSc?, Elie Mousseaux MD, PhD = & f Emmanuel Messas MD, PhD * 9 Pierre
Boutouyrie MD, PhD b © & Xavier Jeunemaitre MD, PhD * 5. c 2 B @




\—(K U.S. Department of Health and Human Services
<

Avoid Fluoroquinolones
FOA U_S. FOOD & DRUG AtoZ Index | FollowFDA | En Espafiol

ADMINISTRATION EE -

Home | Food | Drugs | Medical Devices | Radiation-Emitting Products | Vaccines, Blood & Biologics | Animal & Veterinary | Cosmetics

Tobacco Products

Drugs

Home » Drugs » Drug Safety and Availability

FDA Drug Safety Communication: FDA updates
warnings for oral and injectable fluoroquinolone
Avelox (moxifloxacin)

. antibiotics due to disabling side effects
Baxdela (delafloxacin)
Cipro (ciprofloxacin) f SHARE in LNKEDIN | @ PINIT | &% EMAL | & PRINT
Factive (gemifloxacin)
Levaquin (levofloxacin)

. . This information is an update to the FDA Drug Safety Communication: FDA advises restricting fluoroquinolone
Generic ofloxacin antibiotic use for certain uncomplicated infections; warns about disabling side effects that can occur together
Information for Patients and v iIssued on May 12, 2016

Providers



%Y Operation

OHSU

e Right Common Femoral Artery
Exposure
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3 years post op

Discharged to home on POD 15
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Aortic
clamp

: Proximal"
©_ . aortic
~-neck _

Open Surgical Technigue

inciples
S, 2

Circumferenti

Circu mfer'ential’,
felt strip

e



1347+1G>A)

26 ( COL3A1 c.




& Open Surgical Techniques Principles

Gentle retraction

Minimize excessive tissue manipulation
Padded clamps/avoid repeated
application

Avoid vessel loops or umbilical tape if the
genotype corresponds to a severe
phenotype

Felt strips for the anastomosis

Pledgeted repairs

Avoid hypertension




26 (

COL3A1 c.1347+1G>A) |







% Tissue qguality variability by genotype

OHSU

* Variability in tissue quality in arterial tissues in VEDS can be
appreciated

* Glycine substitution affects coll:

* Size
B in
* Charge HN—C—C”
o
"0 CH,
HN*—C—C’ |
g * <
Glycine NH,
(Gly/G) Arginine
(Arg /R)

Control p.Gly373Arg
Smith LT. J Invest Derm, 1997



Collagen triple helix Gly-x-y

HaC

Glycine substitution affects Gycine | Aanine M en o an
collagen folding: Size, Charge . " g :

0 Q
H;N H;N H;N HyMN H H;N
= o 9 : OH OH OH * OH N OH 2 OH
L0 & % P
| N l NH
| Z om o HO H
i Vi NH;

o
q ¢ H;N HaN \)k
HzN OH H;N OH OM
o o )\

Triple heix

Oragt L N
Phenylalanine Tyrosine NH; HN R
Tryptophan Lysine Hydroxylysine Arginine
0 O 0 (0] o)
H;N H,N \)k HN H;N H;N
’ OH - | OH ; OH ? \¢2H ’ OH
= YO
NH
P~ Al N==/ OH NH;
Positions /AU SNCR Yl 5 e ‘ ‘ HO o] HyN (o]
s - N IS : Histidine Asparticacid  Glutamic acid Asparagine Glutamine
0 o 0 0 o HO n
H;N H,N HzN H;N
: OH : oH OH * OH m m
H OH ﬁ OH
SH OH HiC OH
Cysteine S\CH‘ Serine Threonine Proline  Hydroxyproline

Methionine



Pathogenlc COL3A1 variant types have dlfferen»t impact o'n tlssue quallty

64 (c 2200C>A, p Leu734||e) 3 45 (c.1347+1delG) i 38 (c. 718G>C ,0.Gly240Arg) 26 (c 1347+1G>A)
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) Endovascular thoracic aortic repair in confirmed or
g& suspected genetically triggered thoracic aortic N=171 (2005-2020)

centac  dissection 18 aortic centers in Europe, Asia, North

Sherene Shalhub, MD, MPH,” Kim A. Eagle, MD.” Federico M. Asch, MD Scott A. LeMaire, MD*and  America, & New Zealand.
Dianna M. Milewicz, MD, PhD," on behalf of the GenTAC Investigators for the Genetically Triggered Thor

Aortic Aneurysms and Cardiovascular Conditions (GenTAC) Consortium, Seattle, Wash: Ann Arbor. Mich:  ® V1@ rfan syn drome: Clinical d iagn 0SIs
Washington, D.C; and Houston, Tex Augus t 2018 .

Loeys-Dietz syndrome: genetic testing
The Role of Thoracic Endovascular Aortlc Repalr VEDS: Clinical diagnosis

(TEVAR) of Thoracic Aortic Diseases in Patients with | ¢ Median follow-up: 4.7 years (1.9-9.2)
Connective Tissue Disorders — A Literature Review

Amer Harky', MBChB, MSc, MRCS; Syed Mohammad Asim Hussain', MBChB, MSc, MRCS; Beverly MacCarthy-Ofosy Figure. Kaplan-Meier Estimate of Survival for Patients With Connective Tissue Disease
MBChB, BSc; Mohammad Usman Ahmad?, MBChB

After Endovascular Treatment of Aortic Pathology

100

JAMA Surgery | Original Investigation "_“hu-._,_‘H_ Loeys-Dietz syndrome
- . . . 80 e M
Outcomes After Endovascular Aortic Intervention in Patients

60 -

With Connective Tissue Disease

Vascular Ehlers-Danlos syndrome

Survival, %

40
Karl Wilhelm Olsson, MD, PhD; Kevin Mani, MD, PhD; Anne Burdess, MD, PhD; Suzannah Patterson, BS;

Salvatore T. Scali, MD; Tilo Kélbel, MD, PhD; Giuseppe Panuccio, MD, PhD; Ahmed Eleshra, MD; 20
Luca Bertoglio, MD; Vincenzo Ardita, MD, PhD; Germano Melissano, MD; Amish Acharya, MD; Colin Bicknell, MD;

% i 2 3 i 5
. . . . Time, y
Endovascular Aortic Intervention in Patients No. atrisk
. . . . Marfan syndrome 142 110 92 81 69 57
With Connective Tissue Disease (EVICTUS) LoeVS-Dithsyndrome 17 15 12 11 7 4
Vascular Ehlers-Danlos syndrome 12 10 8 7 4 3




%) Biological twinning & Shared Decision Making

Using pre-existing data from family members (or similar variants)

C/-

OHSU
60-year- B
old female
Q stable repair 7 years later
65-year- = | %
old male | < & w0 emall — e
( \ B e | N\ stable repair 4 years
142 ‘ Deployment over dme ' Iater

VEDS COL3A1 c.555delT p.Gly186Valfs*36, Null variant

Shalhub & Byers. J Vasc Surg Cases Innov Tech. 2023 Apr 20;9(2):101192



39- year—old male (COL3A1 c. 97OG>A p.Gly0324Ser Missense varlant)

COLLABORATIVE "\ \One year follow up




Journal of

S U bC I aVi din Arte ry JVS-CIT Vascular Surgery

Cases, Innovations and Technique




From the Western Vascular Society

%) Splenic artery pathology presentation, operative interventions, and

outcomes in 88 patients with vascular Ehlers-Danlos syndrome

Sherene Shalhub, MD, MPH, FACS, DFSVS,” Reginald Nkansah, MD,” Asmaa EI-Ghazali, MD,
Charles J. Hillenbrand, MD,” Sandeep S. Vaidya, MBBS,” Ulrike Schwarze, MD,® and Peter H. Byers, MD,®

Portland, OR and Seattle, WA
Cross-sectional analysis of 1547 individuals presented
between 1992 and 2021 with pathogenic variants in COL3A1
N=88 /40 interventions in 34 patients (38.6%)
6 (18%) more than one intervention

21 Open surgical repairs
* 10 Splenectomies
* 17 (81%) ruptured splenic artery/spleen rupture
* 19% intraoperative mortality / 1 AVF 2 years later

18 Endovascular interventions (Embolization (Most since 2010)
8 (47%) ruptured aneurysms

* No deaths or access site complications

Four patients (23.5%) had a new SAA in the remaining splenic
artery

37 year old male (COL3A1 c.3103G >A, p.Gly1035Ser)

One year prior

Old coils

i
-
TR -

- -
7’&




; , T b
32-year-old female (COL3A1, c.3500G>A, p.Gly1167Asp)




%

Permissive Hypotension

“Permissive hypotension to The Society for Vascular Surgery practice guidelines on the

maintain a systolic blood care of patients with an abdominal aortic aneurysm

pressu re Of 80 mm Hg Elliot L. Chaikof, MD, PhD,” Ronald L. Dalman, MD,” Mark K. Eskandari, MD., Benjamin M. Jackson, MD,"
.. W. Anthony Lee, MD,° M. Ashraf Mansour, MD," Tara M. Mastracci, MD.” Matthew Mell, MD,”

limits volume overload and M. Hassan Murad, MD, MPH," Louis L. Nguyen, MD, MBA, MPH, Gustavo S. Oderich, MD)

a ppea rs Sufﬁcient tO Madhukar S. Patel, MD, MBA, ScM,** Marc L. Schermerhorn, MD, MPH.? and Benjamin W. Starnes, MD,

Boston, Mass; Palo Alto, Calif: Chicago. Ill: Philadelphia, Pa: Boca Raton, Fla: Grand Rapids, Mich; London, United Kingdom:

ma|nta|n Sr|t|ca| end-o rgan Rochester. Minn; and Seattle, Wash JVS 2018 Jan;67:2-77
perfusion

Byers et al, Am J Med Genet C Semin Med Genet 2017;175:40-47



One year prior 37-year-old male (COL3A1 ¢.3103G >A, p.Gly1035Ser)

Old coils . New aneurysm in residual splenic artery

" a4/
\&./
T

Ruptured middle colic artery 2 years later requiring -

laparotomy. latrogenic injury to spleen = splenectomy | A
Short Gastrics (

Common Left Gastric 7 o 4

-

Hepatic VA
_¥ —_ e Splenic
- 8 e |

e

Dorsal Pancreatic

Anterior and Arcade

Posterior
Pancreatico-
duodenal

Gastroepiploic



* Gentle wire
manipulation

» Softer
wires/catheters

* Access site
complications
(early and
delayed) —
consider open
exposure and

Wei Lum et al, Annals of Vascular repalr Of the

Suréery, 2012 femo_ral
arteries

c.2735G>A, p.Gly0912Asp
V-




External lliac Artery







& Endovascular Technical Tips

OHSU

Avoid repeated sheath
exchanges
NN Y

* Minimal to no oversizing
* No ballooning of seal zones

* Prefer devices with lower radial force

* |deally, graft to graft

* Be mindful of potential access site
complications (early and delayed)



\
Planforopen A cess site considerations %
exposure of

the common , :

; art “U” stitch Avoid . ¢ -
emf)ra artery onofilament repeated Circumferentia
Avoid vessel sledgeted sheath artery

loops reinforcement

repair

exchanges
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