SVS | it

Journal Pre-proof
\};us"(l:alllt]jgr Surgery
The Long-Term Fate of Aortic Branches in Patients with Aortic Dissection

Francesco Squizzato, Gustavo S. Oderich, Thomas C. Bower, Bernardo C. Mendes,
Manju Kalra, Fahad Shuja, Jill Colglazier, Randall R. De Martino

PII: S0741-5214(21)00200-7
DOI: https://doi.org/10.1016/j.jvs.2021.01.055
Reference: YMVA 11840

To appearin:  Journal of Vascular Surgery

Received Date: 10 August 2020

Accepted Date: 14 January 2021

Please cite this article as: Squizzato F, Oderich GS, Bower TC, Mendes BC, Kalra M, Shuja F,
Colglazier J, De Martino RR, The Long-Term Fate of Aortic Branches in Patients with Aortic Dissection,
Journal of Vascular Surgery (2021), doi: https://doi.org/10.1016/j.jvs.2021.01.055.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

Copyright © 2021 Published by Elsevier Inc. on behalf of the Society for Vascular Surgery.


https://doi.org/10.1016/j.jvs.2021.01.055
https://doi.org/10.1016/j.jvs.2021.01.055

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

TheLong-Term Fate of Aortic Branchesin Patients with Aortic Dissection
Francesco Squizzato, Gustavo S. Oderich, Thom8®Wwer, Bernardo C. Mendes, Manju

Kalra, Fahad Shuja, Jill Colglazier, Randall R.Nda&rtino

Division of Vascular and Endovascular Surgery, M&jmic, Rochester, MN, United States

*CORRESPONDING AUTHOR

Randall R DeMartino MD, MS

Associate Professor of Surgery

Mayo Clinic - Division of Vascular and Endovascutargery, Department of Surgery
200 First street SW,

55905 Rochester, MN-USA

E-mail: DeMartino.Randall@mayo.edu

Telephone: (507) 284-4492

CATEGORY: CLINICAL PAPER

M eeting infor mation

Accepted for the 2019 Vascular Annual Meeting aresented at the SVS online meeting as

VESS session.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

Fundings

This study was supported by the American Heart gission (16SDG2750043) and made
possible using the resources of the Rochester Eypudiegy Project (supported by the NIH
National Institute on Aging under award no. RO1AGB4). The content is solely the

responsibility of the authors and does not necégsapresent the official views of the NIH.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

ARTICLE HIGHLIGHTS

Type of research: Retrospective population-based cohort study.

Key findings: After the acute phase of aortic dissection (AtBedom from any aortic branch-
related intervention, aneurysm, rupture, malpeoiusor death, was 48% at 15 years. Type B AD
(HR 3.5; P=.033), patency of the aortic false lurfteR 6.8; P=.038) and malperfusion
syndrome at presentation (HR 6.0; P=.023) wereigi@d of late aortic branches-related events.
Dilatation of the aortic branches occurred in 2%é6ases; patency of the aortic false lumen,
initial branch diameter, and Marfan syndrome wegaicantly associated.

Take home message: In patients with AD, aortic branch involvementsvasponsible for a
significant long-term morbidity, without any reldtenortality. Type B AD, patency of the aortic
false lumen, or malperfusion syndrome at presemtdtad a higher risk of branch events during
the long-term follow-up. Dilatation of the aorticamches was observed in one third of cases, in

particular in case of a patent aortic false lumeNarfan syndrome.

Table of contents summary

This retrospective population-based cohort stuay&l that aortic branch involvement was
responsible for a significant long-term morbidiyithout any related mortality. Type B AD,
patency of the aortic false lumen, or malperfuspndrome at presentation had a higher risk of
branch events during the long-term follow-up. Fatsiudies should focus on strategies to limit

branch vessel growth and prevent vascular compmitsin patients with a previous AD.
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ABSTRACT

Objective: Late morbidity and mortality related to aorti@bches in patients with aortic
dissection (AD) are not well described. We aimetht@stigate the fate of aortic branches in a
population cohort of patients with newly diagnogdal

Methods: We used the Rochester Epidemiology Project reiokdge system to identify all
Olmsted County, MN, residents diagnosed with ADfrd995 to 2015.

Only patients with >30 days of available follow-mpaging were included in the analysis. The
primary outcome was freedom from any branch-relatezht (any intervention, aneurysm,
malperfusion, rupture, or death occurring afterdbete phase >14 days). Secondary outcome
was the diameter change of the aortic branchewsddate and multivariable Cox proportional
hazards models were used to identify predictotsranch-related events; univariate and
multivariate linear regression models were useasgess aortic branches growth rate.

Results: Of 77 total incident AD cases, 58 patients whvisteed with imaging follow-up were
included, 28 (48%) with type A and 30 (52%) witlpéyB AD. The presentation was acute in 39
(67%) cases; 6 (10%) had branch malperfusion. @fabftic branches involved by the AD, 81
(46%) arose from the true lumen, 33 (19%) fromfdige lumen, 63 (36%) from both.

After the acute phase, freedom from any brancheélavent at 15 years was 48% (95%CI 32-
70). Thirty-one branch-related events occurreddipdtients over 15 years: 12 interventions
(76% freedom, 95%CI 63-92), 10 aneurysms (67% bee®5%CI 50-90), 8 malperfusions
(76% freedom, 95%CI 61-94) and 1 rupture (94% foeed5%CI 84-100). There were no
branch-related deaths. Type B AD (HR 3.5, 95%Ci10B; P=.033), patency of the aortic false
lumen (HR 6.8, 95% CI 1.1-42.2; P=.038) and malmsdn syndrome at presentation (HR 6.0,

95% CI 1.3-28.6; P=.023) were predictors of latdiatranches-related events.
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Overall growth rate of aortic branches was 1.3181f/year. Patency of the aortic false lumen,
initial branch diameter, and Marfan syndrome weégaificantly associated with diameter
increase.

Conclusions: In patients with AD, aortic branch involvementsvasponsible for a significant
long-term morbidity, without any related mortalifiype B AD, patency of the aortic false
lumen, or malperfusion syndrome at presentationahlaigher risk of branch events during the
long-term follow-up. Dilatation of the aortic brdres was observed in one third of cases during

follow-up, in particular in case of a patent aoftitse lumen or Marfan syndrome.
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INTRODUCTION

Acute aortic dissection (AD) may present with aoside branches compromise, because of
severe compression of the true lumen at the Ievileoostium or due to progression of the
dissection process into the aortic side brancmi€zl manifestations of malperfusion are present
in up to 30% of patients with acute AD, and thesses are associated with an increased early
mortality*?

In patients with AD, the risk of aortic branchesmgyomise may still be maintained also after
the acute phase, because of progression to statimamic obstruction, recurrence of aortic
dissection with involvement of the aortic branch@spccurrence of isolated dissection of the
branch vessels. Furthermore, the progressive sizease that is typically described for the
chronically dissected aoftanay affect also the non-aortic arterial segments.

However the long-term fate of aortic branches rmteof malperfusion, aneurysm formation,
intervention, rupture, and related mortality aréwell described. The objective of this study
was to investigate the long-term morbidity and ralust related to aortic branches in a

population cohort of patients with newly diagnogdal

METHODS

Patients. We used the Rochester Epidemiology Project (RE&)rd linkage system to identify
all Olmsted County, MN, residents diagnosed with #&dm 1995 to 2015. The detailed methods
for the identification of the original cohort arestribed elsewheteln brief, the REP represents
a unique collaboration of health care providerkifig together medical records of virtually all
residents of Olmsted County, MN. This allows thentification of incident diagnoses at a

population level and allows follow-up of patients@ss providers. Within the REP, adult



10

11

12

13

14

15

16

17

18

19

20

21

22

23

residentsX18 years of age) with a new diagnosis of AD fror@3-2015 were identified using
International Classification of Disease codes (IG, and 10th revision) and Hospital
Adaptation of the International Classification déBases codes (HICDA, 2nd editioRpr
diagnosis, patients were required to have imagamgicnation of AD (computed tomography
with arterial contrast, magnetic resonance imagifigasound, or conventional angiography),
primary diagnosis of AD on their death certificate autopsy confirmation of AD. The study
was approved by the Institutional Review Boardtheftwo major health care providers in the
REP, Mayo Clinic and Olmsted Medical Center. Alividuals included in the study had
already provided informed consent for the use eirtimedical records in research as part of the
REP.

Only patients with a confirmed diagnosis of AD amith an available imaging follow-up >30
days were included in this analysis. Patients wifimal imaging diagnosis of aortic intramural
hematoma or penetrating aortic ulcer where excluded

AD was classified using the De Bakey and the Standtassifications. Acuity of the disease was
classified as acute (<14 days from initial symptpragbacute (2 weeks to 3 months) or chronic
(>3 monthsy’. AD was considered subacute or chronic if theéahimaging was performed after
the acute phase, but it was possible to clearly thet onset of symptoms. Acuity was
categorized as “unknown” if the diagnosis of AD waade by imaging, but it was not possible
to clearly date the onset of symptoms. Marfan symdr was diagnosed by Ghent criteria and
confirmed by genetic testing.

Endpoints. The primary endpoint was freedom from any brarathted event, defined by any
intervention, aneurysm, malperfusion, aortic brangture, or death occurring after the acute

phase. Any intervention performed for static orayic malperfusion, side branch aneurysm, or
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rupture, was considered as branch-related. If timegpy indication to surgery was aortic-related,
the patient was considered to receive a branclecklatervention only if the surgical approach
was conditioned by involvement of the aortic brabgtthe pathology (ie, necessity to perform
fenestration of aortic intimal flap, bypass duelissected branch vessel), as reported in the
operative note.

Since the objective of the study was to evaluagentitural history of aortic branches, in order to
maintain reproducibility of the results we decidedtonsider as endpoint the event of “aneurysm
formation” basing on a pre-specified definitiongdarot basing on its eventual surgical treatment.
For the purpose of the analysis, only aortic brasclith a diameter large enough to take into
consideration a surgical treatment were considefefihed by a maximum diameter >2 cm for
peripheral or reno-visceral ves$edsd 3 cm for supra-aortic trurfkand iliac arterie’S.

Branch vessel malperfusion was defined as any hraessel involvement with evidence of both
anatomic and clinical branch vessel compromise,(static and/or dynamic branch involvement
with accompanying stroke, mesenteric, visceralalieand/or extremity symptoms), according to
most recent reporting standatdsAlso the incidence of new aortic branches disseatas
investigated. However, new branch dissections wet@associated with malperfusion in any
case, so it was not considered a clinically sigatffit event. Therefore, new dissections of aortic
branches were considered separately and not irgtindée primary composite endpoint.

The secondary outcome was the diameter change aiatttic branches during follow-up. The
maximum branch diameter was measured at the ianidllast available computed tomography
angiogram (CTA). To account for minimal observepeledent diameter changes, any diameter
increase was defined agdmm increase in the maximum diameter of the asitie branch. All

the images were reviewed by a radiologist and cowidil by a vascular surgeon. The growth rate
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was calculated as the difference (in millimetefshe maximum branch diameter on the most
recent study before any related intervention mthesnitial maximum diameter, divided by the
time in years. The growth rate was separately destfor supra-aortic vessels (innominate
artery, left carotid artery, left subclavian arjemgno-visceral arteries (celiac artery, superior
mesenteric artery, renal arteries), and iliac sser

Statistical analysis. Results were reported as a number and percentagatégorical variables,
meanzstandard deviation or median and range fairagyus variables. Time-dependent
outcomes were reported using Kaplan-Meier estim&ezdom from branch-related events was
calculatedoer person and notper artery. In case of multiple types of complications ocmgrin

the same patient, just the first one was considfenethe estimation of freedom from any
branch-related complication. For the estimatiothefspecific rates of freedom from
intervention, aneurysm, malperfusion, aortic brangiture, or death, just the first complication
was considered, if multiple complications occura¢different time points during follow-up of
the same patient. Univariable and multivariable @mportional hazards models were used to
assess the impact of baseline characteristicseoprtmary outcome. Univariable and
multivariable logistic regressions were used taitg factors associated with any increase in
aortic branch diameter during follow-up. Univari@laind multivariable linear regression models
were used to identify factors associated with wi@branches growth rate. A P-value of less
than .05 was used to determine statistical sigaiite. The R 3.5.2 software (R foundation for

statistical computing, Vienna, Austria) was usettiie analysis.

RESULTS
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Of 77 incident AD included in the original patiemshorf, 12 (16%) died within 30 days. In 2

of these, death was related to malperfusion obthpga-aortic vessels in patients presenting with
a type A dissection. Fifty-eight patients had aalgé imaging >30 days and met the inclusion
criteria for the current analysis. Mean age wasl@6gears and most patients were males (n=40,
69%) (Tablel).

Twenty-eight (48%) patients had type A AD and 3% had type B AD. The presentation was
acute in 39 (67%) cases and twenty-five (43%) p&tieeceived open (n=23, 40%) or
endovascular (n=2, 3%) aortic treatment duringattige phase. Of the 30 type B dissections, 28
were medically treated and 2 received TEVAR dueifiure (n=1) or uncontrolled
hypertension/pain (n=1). Surgical treatment foletypdissections consisted in replacement of
the ascending aorta in all cases, without anywetgron on aortic branches. A medical
conservative treatment was initially adopted iraSes with intimal tear at the level of the aortic
arch and not involving the proximal ascending adtzbsequent surgical treatment was not
necessary in any of these cases and there wem@thol@anches events in these patients.

At presentation, 177 aortic branches were involwethe AD, 81 (46%) arising from the true
lumen, 33 (19%) from the false lumen, 63 (36%) filmoth; concomitant clinical signs of
malperfusion were present in 6 (10%) patients ftluleper extremity ischemia, 1 paraparesis, 2
dynamic malperfusion of reno-visceral vesselspfated malperfusion of the right or left renal
artery). Also 4 branch aneurysms (3 left commarcikrteries and 1celiac artery) were detected
at the initial CTA.

Survival. Median follow-up was 101 months (interquartilaga, 43-173 months). At 15 years,
Kaplan-Meier estimated survival was 42.3% (95%Cb29 and freedom from aortic-related

mortality was 80.3% (95%CI 65-98). Specific surVibg type of dissection was 34.1% (95%ClI
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18-65) for type A and 50.2% (95%CI 32-77) for typelissections (P=.800). There were no
branch-related deaths.

Interventions. Twelve interventions in 10 patients occurredratte acute phas@ éblell). The
indication was the presence of a branch aneurysh(33%) cases (4 iliac arteries) and
malperfusion in 3 (25%) (2 renal arteries, 1 ilgatery). In 2 (17%) cases an intimal flap
fenestration was required for left renal arterymstey during endovascular repair of a
thoracoabdominal aortic aneurysm. In 1 (8%) cask thibracoabdominal aortic aneurysm post
type B dissection, a visceral artery bypass wasired because of dissected branch vessels; 1
case received multiple visceral bypasses to regppatch aneurysm after a previous type Il
thoracoabdominal aneurysm open repair. One paterwent aortic arch repair for a chronic
residual dissection involving also all supra-aoviéssels; proximal side branches ligation and
graft replacement using a trifurcated graft wasqgrered. The estimated freedom from branch-
related interventions at 15 years was 76% (95%&328H376% (95%CI 59-97) for type A
dissections and 76.7% (95%CI 59-99) for type B %P8).

Aneurysm. Ten new aneurysms developed in 9 patients inye&Es period. The affected
arterial segment was the innominate artery in 1(1€46e, the subclavian artery in 1 (10%), the
superior mesenteric artery in 1 (10%), and the gigery in 7 (70%)Supplementary Figure

1). Of the 10 newly detected aneurysms, 7 were pre@aously dissected artery. Freedom from
any new branch aneurysm was 67% (95%CI 50-90), (B8 CI| 50-100) for type A dissections
and 59.8% (95%CI 38-94) for type B dissections 808).

During follow-up, a surgical correction of the angm was performed in 4 cases (1 right iliac

artery, 3 left iliac artery), in 1 case due to wrptof aneurysmal right external iliac artery.
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Malperfusion and new branch dissection. Eight malperfusion syndromes were detected after
the acute phase, involving the superior mesentéetgry in 1 (13%) case, the renal arteries in 6
(75%) cases, and the iliac artery in 1 (13%). Tésulting estimated 15-years freedom from
malperfusion was 76% (95%CI 61-94) overall, 78.98%CIl 62-100) for type A dissections
and 74.1% (95%CI 53-100) for type B (P=.590). Thderlying mechanism was distal
progression of the aortic dissection in 6 cases,camplete thrombosis of a branch’s collapsed
true lumen in 2 cases.

Twenty-five new branch dissections occurred in &Bgmts Supplementary Figure 2); the
involved artery was the innominate artery in 4 ()Gftients, the left carotid artery in 3 (12%),
the left subclavian artery in 2 (8%), the supen@senteric artery in 2 (8%), the renal artery in 1
(4%), and the iliac arteries in 7 (28%). No on¢hafse was associated with acute symptoms of
malperfusion. One patient with a previous type B pisented with a re-dissection involving
the aortic arch, with concomitant new dissectiothefinnominate, left carotid and left
subclavian arteries. All the remainders were incidly detected during the follow-up imaging.
One patient with a newly detected isolated innoteiratery dissection developed an innominate
artery aneurysm after 10.6 years.

Rupture. Only one iliac artery ruptured after 12 yearsrirthe initial presentation of a type B
dissection. The patient was successfully treatethiemergent setting and survived. The
estimated freedom from any non-aortic rupture whd% (95%CI 84-100).

Any branch-related event. The summary of incidence and type of branch carapbn

occurring during follow up is shown ihable I1. Comparing the baseline characteristics of
patients with any branch event vs patients witloauplications Supplementary Tablel)

during follow-up, the main difference was a highezvalence of distal aortic involvement (De
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Bakey I or 1lIb) in patients with any branch-reldteomplication (89.4% vs 56.4%; P=.012). The
estimated 15-years freedom from any aortic branodlesed event was 48% (95%CI 32-70),
51% (95%CI 35-76) after exclusion of patients vatimnective tissue disorders. Specific rates by
AD type were 60% (95%CI 38-94) for type A dissesi@nd 43.2% (95%CI 24-67) for type B
dissections (P=.049). Patients with extensive aamtiolvement (De Bakey | or IlIb) had lower
freedom from adverse events (36%, 95%CI 20-65) @vetpto AD with only proximal
involvement (75%, 95%CI 53-100; P=.040). After adijoent using multivariable Cox
proportional hazards modeling, Type B AD (HR 3.5%CI 1.1-10.8; P=.03Figure 1A),

patency of the aortic false lumen (HR 6.8, 95% @}42.2; P=.038Figure 1B) and

malperfusion syndrome at presentation (HR 6.0, €3%.3-28.6; P=.023) were predictors of
aortic branches-related events after the acutespl@ber factors as initial surgical management
(HR 0.83, 95%CI 0.34-2.06; P=.702) and connecisse disease (HR 1.99, 95%CI 0.67-5.88;
P=.539) were not significantly associated. TypeB @R 2.6, 95%CI 1.0-8.3; P=.049), patency
of the aortic false lumen (HR 6.9, 95% CI 1.0-5%%;046) and malperfusion syndrome at
presentation (HR 6.4, 95% CI 1.1-36.6; P=.037) vear&irmed to be significantly associated
with aortic branch events also after exclusionaifgnts with connective tissue disease. In the
subset of patients with distal aortic involvememgsentation with malperfusion (HR 4.7, 95%ClI
1.0-23.2; P=.046) and connective tissue disordéRs4.2, 95%CI 1.1-15.9; P=.03) were
predictors of branch-related events at the multtaranalysis.

Diameter change and growth rate. CTA imaging follow-up to assess diameter change w
available for 439 aortic branches; 296 (67%) hadiameter change during follow-up, 128

(29%) had a diameter increase, and 15 (3%) hadraeder decrease. Overall growth rate was
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1.3+3.0 mm/year; 1.3+3.0 mm/year for the supraiaeessels, 0.7+2.2 mm/year for the reno-
visceral arteries, and 2.6+4.4 mm/year for the ibaeries (P<.001).

At the multiple logistic regressiof &ble111), Marfan syndrome (OR 8.18, 95%CI 2.20-32.4;
P=.002) patency of the aortic false lumen (OR 29%8/Cl 1.19-5.28; P=.018) and dissection of
the aortic branch (OR 3.0, 95%CI 1.26-7.41; P=.&e significantly associated with any
diameter increase during follow-up, while femalg 88R 0.33, 95%CI 0.15-0.70; P=.004) and
B-blockers prescription at discharge (OR 0.36, 95%#:0.84; P=.019) were protective factors.
More specifically, Marfan syndrome (P=.044), pateatthe aortic false lumen (P=.022), and
initial branch diameter (P=.003), were significgraksociated with the overall aortic branch
growth rate Table V). After stratification by arterial segments, tre=wf Angiotensin-
converting enzyme inhibitors (ACEi)/AngiotensinrReceptor Blockers (ARB) (P=.013) or
Calcium channel blocker (P=.043) were associatéd siower growth rate of supra-aortic
vessels; Marfan syndrome (P=.028) and dissectidheoortic branch (P=.043) were associated
with the higher growth rate of the reno-viscera¢aes. Patency of the aortic false lumen
(P=.026) and the initial iliac diameter (P=.039)ygvassociated with the iliac arteries diameter

increase rate.

DISCUSSION

The incidence, mechanism, and clinical impact afiabranches complications in patients with
acute AD are already well-describet® However, only a few studies focused on the lommgte
behavior of non-aortic arterial segments, mainbuing on supra-aortic arch ves&etéor
Marfan patient§"** and the general morbidity and mortality derivezhf aortic branches-

related events during the long-term follow-up aiéiacompletely defined.
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This study used a contemporary population cohopatients to provide updated information on
the incidence and predictors of any branch-relategvention, aneurysm, malperfusion, rupture,
or death occurring after the acute phase during years follow-up period. In particular, aortic
branch freedom from branch events is less than Bd%ears after the time of diagnosis and this
results in significant long-term morbidity, withoamy related mortality. The most frequent type
of complication was aneurysm formation, occurrin@8% of patients. The most affected site
was the iliac segment, which appears to be conmugsince 4/7 required future intervention and
one ruptured. Differently, only 1 patient develomgdaneurysm of the mesenteric or renal
vessels, that were more prone to late malperfusions

Type B AD had an increased risk of branch-relateshts compared to survivors after a type A
AD (Adjusted HR 3.5; P=.033). A possible explanati® that in this cohort of patients, an
extensive aortic involvement was more common i tpAD, as 80% were classified as De
Bakey IlIb; as comparison, only 53% of type A Almdhdistal aortic involvement. This is
consistent with the observation that 17/19 (89%iep#&s who had any branch-related event
during follow-up originally had a type I (n=5) dild (n=12) AD (P=.012).

Also after adjustment for AD type, patency of tleetie false lumen (HR 6.8; P=.038), resulted a
significant risk factor for future adverse evemtgdlving the aortic branches. Residual patency
of the FL has already been described as a negatgmostic factor for both type A and B
ADs**8 heing associated with aortic growth, aortic rimentions, and late mortality. This
study shows that persistent patency of the aatseflumen plays a role also on branch-related
complications, probably maintaining a risk of ttumen collapse or AD progression into the

aortic side branch. The presence of malperfusigmestentation (HR 6.0, 95% CI 1.3-28.6;
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P=.023) seems to identify another subcategory of Afat maintains a higher risk of vascular
complications also during follow-up.

Only scarce information is available regardingdiemeter change of non-aortic segments in
patients with AD. Yamauchi et &.described an overall 1mm/year diameter increassuora-
aortic arch arteries in patients with a previoyget dissection; they also found that patency of
the false lumen of a dissected branch was assdaidtle diameter increase. Yetman et‘al.
highlighted that one third of adult patients wittaNan syndrome develop peripheral artery
aneurysms, especially in case of distal aorticedigsn or in patients not receiving Angiotensin-
converting enzyme inhibitors.

Our study shows that diameter increase of aoraodires was detected in one third of cases.
Similarly to Yetman et &i?, dissection of the aortic branch (OR 3.0; P=.Gadpred a diameter
increase; it is not unexpected that also Marfardsyme (OR 8.18; P=.002) and patency of the
aortic false lumen (OR 2.44; P=.018) were alsoigantly associated with any diameter
increase during follow-up. Similarly to what hashelescribed for aortic diame'térthe use of
B-blockers (OR 0.36; P=.019) provided a protecsffect from increase in branch vessels size.
In particular, of the four Marfan patients includadhis series, the aortic false lumen was patent
in 3 cases and partially thrombosed in one; a lraalated event occurred in 3 of 4 cases (75%).
The high incidence of adverse branch events maglhted to specific characteristics of AD in
Marfan patients, compared to non-Marfan patient$o darfan syndrome itself, independent
from the presence of AD. However, the small nundfgratients does not allow to fully
understand the underlying mechanism.

From the clinical standpoint, it may be argued tiattall diameter increases can be considered

significant. Therefore, we aimed to identify baselfactors that were associated with the growth
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rate of aortic branches to define those at higis&raf growth. Marfan syndrome (P=.044) and
patency of the aortic false lumen (P=.022) wereraganfirmed to promote a faster growth rate.
Additionally, the risk of growth was also higher farteries that were already enlarged at
presentation (P=.003). Interestingly, the use oEXERBs or calcium channel blockers was the
only modifiable factor that could influence the @gtb rate, but this finding was specific only for
supra-aortic arch arteries. It is also interestongote that residual patency of the aortic false
lumen was the only factor that was associated &litthe primary and secondary endpoints at
the multivariable analysis: any branch event, aianbh diameter increase, and branch growth
rate.

Our study has several limitations that are wortmto@ing. This is a retrospective study where
the initial code-based identification of patieni$wmAD may have led to inherent biases. Also,
the limited number of patients included in the fioahort may have limited the power of the
statistical analysis. In particular, it was not gibke to discriminate the effect of complete versus
partial thrombosis of the aortic false lumen omistarelated complications.

Our findings are strengthened by the fact thatpbysulation-based approach allowed to gather
detailed follow-up information of patients and &port reliable long-term follow-up results,
since our patient cohort is not subject to therraféias that is usually seen in registry or sngl
center reports. Also we tried to include in ounmaiy endpoint only clinically significant events,
excluding sub-aneurysmal arterial dilatations andding findings that were not associated with
any clinical or laboratory manifestation. For tlaere reason, any diameter change, growth rate,
and aneurysm formation of aortic branches wererdest separately. Finally, the finding of
statically significant results in a relatively sirgdmple size suggests that these factors trulg hav

a clinically significant impact on the populatiohpatients affected by AD.
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CONCLUSION

In patients with AD, aortic branch involvement wasponsible for a significant long-term
morbidity, without related mortality. Type B AD, fgacy of the aortic false lumen, or
malperfusion syndrome at presentation had a higsleof branch events during the long-term
follow-up. Progressive dilatation of the aortic thiches was observed in one third of cases; in
particular a patent aortic false lumen or Marfandsgpme may have positive effects on branch
vessel complications. Future studies should focuthe impact of proper medical management
to limit branch vessel growth and technical advartogoromote false lumen thrombosis and

aortic remodeling to prevent vascular complicationgatients with a previous AD.
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Tablel. Baseline characteristics of the 58 patients witlewaly diagnosed AD.

Total (n=58) Type A (n=28) Type B (n=30)

Age, years

Mean+SD 66.6+ 14.4 64.0+15.5 69.0+13.0

Range 27 -90 27- 86 35-90
Female sex 18 (31.0%) 8 (28.6%) 10 (33.3%)
Race

White 53 (91.4%) 26 (92.9%) 27 (90.0%)

Black 1(1.7%) 0 (0.0%) 1 (3.3%)

Hawaiian/Pacific islands 1(1.7%) 1 (3.6%) )

Unknown 3 (5.2%) 1 (3.6%) 2 (6.7%)
BMI

Mean+SD 28.3+6.5 27.3+3.8 29.248.4

Range 18.1- 62.8 18.2 - 36.2 18.1-62.8
Previous aortic surgery 6 (11.1%) 3 (12.5%) 3 (10.0%)

Connectivetissue disor der

No 52 (89.7%) 26 (92.9%) 26 (86.7%)
Marfan 4 (6.9%) 2 (7.1%) 2 (6.7%)
Ehlers Danlos, type IV 2 (3.4%) 0 (0.0%) 2 (6)7%

Acuity of diagnosis

Acute 39 (67.2%) 25 (89.3%) 14 (46.7%)
Subacute 2 (3.4%) 1 (3.6%) 1 (3.3%)
Chronic 2 (3.4%) 1 (3.6%) 1 (3.3%)
Unknown 15 (25.9%) 1 (3.6%) 14 (46.7%)

De Bakey classification

15 (25.9%)

15 (53.6%)

13 (22.4%)

13 (46.4%)

lla 6 (10.3%) - 6 (20.0%)

b 24 (41.4%) - 24 (80.0%)
False lumen status

Patent 45 (77.6%) 24 (85.7%) 21 (70.0%)

Partial thrombosis 9 (15.5%) 3 (10.7%) 6 (20.0%)

Complete thrombosis 4 (6.9%) 1 (3.6%) 3 (10.0%)
I nitial management

Medical therapy 33 (56.9%) 5 (17.9%) 28 (93.3%)

Open surgery 23 (39.7%) 23 (82.1%) 0 (0.0%)

Endovascular surgery 2 (3.4%) 0 (0.0%) 2 (6.7%)

M edications at discharge

B-blocker

47 (81.0%)

21 (75.0%)

26 (86.7%)

ACEi/ARB 23 (39.7%) 8 (28.6%) 15 (50.0%)
Calcium blocker 20 (34.5%) 8 (28.6%) 12 (40.0%)
Aspirin 35 (60.3%) 18 (64.3%) 17 (56.7%)
Anticoagulant 11 (19.0%) 9 (32.1%) 2 (6.7%)

ACEI, Angiotensin-converting enzyme inhibitor; ARBngiotensin Il Receptor Blockers.




Tablell. Aortic branches-related events occurring afterabute phase in 58 patients with AD,

during a 15-years follow-up period.

Description of events Survival function, % (95%Cl) P
Intervention n=12 events in 10 patients:
O 4 aneurysm (1 rightiliac artery, 3 left iliac aste Overall 76 (63-92)
0 2 malperfusion (1 left renal artery, 1 right iliacery) | Type A 76 (59-97) 500
O 1 graft replacement/bypass during aortic open repai Type B 77 (59-99)
(1 arch repair, 2 TAAA repair) De Bakey ll/llla 79 (56-100) .198
O 2 fenestration of the intimal flap for stenting ishgy De Bakey I/llib 56 (30-100)
F/BEVAR (2 left renal artery) No CTD 79 (66-95) 285
O 1 intimal flap fenestration (right renal artery) CTD 63 (32-100)
Aneurysm n=10 events in 9 patients: Overall 67 (50-90)
0 1 innominate artery Type A 74 (50-100) 300
O 1 right subclavian/vertebral artery Type B 60 (38-94)
0 1 superior mesenteric artery De Bakey Il/llla 82 (62-100) 500
0 3rightiliac artery De Bakey I/lilb 61 (40-93)
O 4 leftiliac artery No CTD 69 (51-95) .356
CTD 50 (19-100)
Malperfusion n=8 events in 7 patients: Overall 76 (61-94)
O 1 superior mesenteric artery Type A 79 (62-100) .590
O 5 left renal artery Type B 74 (53-100)
O 1 right renal artery De Bakey ll/llla 80 (57-100) .600
O 1 leftiliac artery De Bakey I/1llb 74 (55-98)
No CTD 77 (61-96) .900
CTD 75 (43-100)
Rupture n=1 event in 1 patient: Overall 94 (84-100)
O 1 rightiliac artery Type A 100 (-) .386
Type B 90 (73-100)
De Bakey ll/llla 100 (-) .500
De Bakey I/1llb 92 (77-100)
No CTD 94 (83-100) .680
CTD 100 (-)
Death - Overall 100 (-)
Type A 100 (-) -
Type B 100 (-)
De Bakey ll/llla 100 () -
De Bakey I/1llb 100 (-)
No CTD 100 (-) -
CTD 100 (-)

CTD, connective tissue disorder; F/BEVAR, fenesti#tranched endovascular aortic repair; TAAA,
thoracoabdominal aortic aneurysm.



Tablelll. Univariable and multivariable logistic regression &ny diameter increase of aortic

side branches during a 15 years follow-up period.

Univariable Multivariable

OR (95%Cl) P OR (95%Cl) P
Age 0.99 (0.97-1.00) 0.257 1.02 (0.99-1.05) .063
Female sex 0.52 (.30-0.87) 0.0f6  0.33(0.15-0.70) .0G4
BMI 1.01 (0.98-1.04) 0.480 - -
B-blocker 1.04 (0.60-1.83) 0.883 0.36 (0.15-0.84) 019
ACEI/ARB 1.04 (0.67-1.62) 0.851 - -
CccCB 0.95 (0.59-1.49) 0.813 - -
TypeB AD 1.15(0.74-1.78) 0.539 1.24 (0.69-2.25) .467
Marfan syndrome 1.53 (0.75-3.08) 0.240 8.18 (2.20-32.4) 02
Patency of the FL 2.31(1.33-4.13) 0.064 2.44(1.19-5.28) .0f8
Malperfusion 0.59 (0.21-1.46) 0.283 - -
Branch dissection 2.75(1.44-5.34) 0.062 3.00(1.26-7.41) .0f4
Branch FL thrombosis 1.28 (0.48-3.24) 0.609 - -
Acute presentation 0.92 (0.58-1.46) 0.715 - -
Initial branch diameter 1.02 (0.98-1.08) 0.297 - -

AD, aortic dissection; ACEi, Angiotensin-convertiagzyme inhibitor; ARB, Angiotensin Il Receptor Bkers

BMI, body mass index; CCB, calcium channel bloclkdr; false lumen.



TablelV. Results of the multivariate linear regressiondortic branches diameter change
during follow-up.

Coefficient (95%Cl) | P value
Overall mean, 1.3£3.0 mm/year
Type B AD 0.6 (-0.2;1.4) .145
Marfan syndrome 1.7 (0.0;3.4) .044
Patent aortic false lumen 1.0 (0.1;1.9) 022
Dissected branch vessel 1.0 (-0.2;2.2) 131
Initial artery diameter 0.2 (0.1;0.3) .003
Supra-aortic vessels mean, 1.3£3.0 mm/year
ACEI/ARB -1.7 (-3.0;-0.37) .013
Calcium channel blocker -1.5 (-2.9;-0.12) .033
Patent aortic false lumen 1.2 (-0.2;2.7) .098
Dissected branch vessel -1.4 (-3.5-0.59) .160
Reno-visceral arteries mean, 0.7+2.2 mm/year
Marfan syndrome 1.7 (0.2;3.2) .028
Dissected branch vessel 1.4 (0.0; 2.9) %043
Acute presentation -0.4 (-1.1;0.4) .304
Iliac arteries mean, 2.6x4.4 mm/year
Marfan syndrome 2.5 (-1.6;6.6) 226
Patent aortic false lumen 2.3(0.0;4.6) 047
Initial iliac diameter 0.3 (0.0;0.6) .039

AD, aortic dissection; ACEi, Angiotensin-convertiagzyme inhibitor; ARB, Angiotensin |l Receptor Blkers.
Statistically significant.




Supplementary table . Comparison of baseline characteristics of patiesitis any branch-
related complications vs without complications afte acute phase of AD.

Any branch-related event

No branch-related events

(n=19) (n=39) P
Age, years .319
Mean+SD 63.8+14.4 67.9+14.4
Range 27-85 27-90
Female sex 6 (31.6%) 12 (30.8%) .950
Race 234
White 0 (0%) 1 (2.6%)
Black 1 (5.3%) 0 (0%)
Hawaiian/Pacific islands 16 (84.2%) 37 (94.9%)
Unknown 2 (10.5%) 1 (2.6%)
BMI .870
Mean+SD 28+5.2 28.3#7.1
Range 18-41 18-62
Previous aortic surgery 1 (5.3%) 5 (14.3%) 314
Connective tissue disor der .082
No 15 (78.9%) 37 (94.9%)
Marfan 2 (10.5%) 2 (5.1%)
Elhers Danlos 2 (10.5%) 0 (0%)
Acuity of diagnosis .894
Acute 12 (63.2%) 27 (69.2%)
Subacute 1 (5.3%) 1 (2.6%)
Chronic 1 (5.3%) 1 (2.6%)
Unknown 5 (26.3%) 10 (25.6%)
De Bakey classification .226
I 5 (26.3%) 10 (25.6%)
Il 2 (10.5%) 11 (28.2%)
llla 0 (0%) 6 (15.4%)
b 12 (63.2%) 12 (30.7%)
Distal aortic involvement (I/IllIb) 17 (89.4%) 22451%) .012
Stanford classification 224
Type A 7 (36.8%) 21 (53.8%)
Type B 12 (63.2%) 18 (46.1%)
False lumen status .233
Patent 17 (89.4%) 28 (71.8%)
Partial thrombosis 2 (10.5%) 7 (17.9%)
Complete thrombosis 0 (0%) 4 (6.9%)
.847

Initial management

Medical therapy

11 (57.9%)

22 (56.4%)

Open surgery

7 (36.8%)

16 (41.0%)

Endovascular surgery

1 (5.3%)

1 (2.6%)

Statistically significant.




LEGENDS

Tablel. Baseline characteristics of the 58 patients with anewly diagnosed AD.

Tablell. Aortic branches-related events occurring after the acute phase in 58 patients with AD,
during a 15-years follow-up period.

Tablelll. Univariable and multivariable logistic regression for any diameter increase (>1 mm)
of aortic side branches during a 15 years follow-up period.

TablelV. Results of the multivariate linear regression for aortic branches diameter change

during follow-up.

Figure 1. A) Adjusted freedom from any branch intervention, aneurysm, ma perfusion, rupture
or death at 15 years, stratified by Stanford classification. The curves are adjusted for fase lumen
status and presence of malperfusion at presentation using Cox proportiona hazards. The *
indicates Standard Error >10%. B) Adjusted freedom from any branch intervention, aneurysm,
mal perfusion, rupture or death at 15 years, stratified by aortic false lumen status. The curves are
adjusted for Stanford classification and presence of malperfusion at presentation using Cox

proportional hazards. The * indicates Standard Error >10%.

Supplementary Figure 1. Aneurysmatic evolution of the right common iliac artery in a patient
with chronic type B aortic dissection. A) Baseline CTA. B) Follow-up CTA at 3 years. C)
Follow-up CTA at 8 years.

Supplementary Figure 2. Evolution of anew isolated dissection of the left carotid artery in a
patient with a chronic dissection of the aortic arch. A) Baseline CTA. B) Thefollow-up CTA at 6

months shows the presence of a new dissection of the left carotid artery (arrow). The patient was



completely asymptomatic C) Follow-up CTA at 3 years, showing remodeling with complete
thrombosis of the false lumen (arrow). No related clinical events were observed during the

follow-up.

Supplementary Table . Comparison of baseline characteristics of patients with any branch-

related complications vs without complications after the acute phase of AD.
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