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Abstract

Introduction: Thoracic endovascular aortic repair(TEVAR) has become a mainstay of therapy 

for acute(AD) and chronic(CD) type B dissection(TBAD). Dynamic aortic morphologic changes, 

untreated dissected aorta and persistent false lumen(FL) perfusion have significant consequences 

on re-intervention after TEVAR for TBAD. However, few reports contrast differences in secondary 

aortic intervention(SAI) after TEVAR for TBAD or describe their influence on mortality. This 

analysis examines incidence, timing, and types of SAI after TEVAR for AD/CD TBAD and 

determines their impact on survival.

Methods: All TEVAR procedures for AD/CD(2005–2016) were retrospectively reviewed. 

Patients with staged(<30-days) or concomitant ascending aortic arch repair/replacement were 

excluded. Acuity was defined by symptom onset[0–30 days(AD);>30-days(CD)]. SAI was 

grouped into open(intended treatment zone or remote aortic site), major endovascular(TEVAR 

extension or endograft implanted at non-contiguous site) or minor endovascular(side-branch/FL 

embolization) categories. Kaplan-Meier methodology was used to estimate freedom from SAI and 

survival. Cox proportional hazards were used to identify SAI predictors.

Results: TEVAR for TBAD was performed in 258 patients[AD, 49%(n=128);CD, 51%(n=130)]. 

Mean follow-up was 17±22 months with an overall SAI rate of 27%[n=70; AD, 22%(28) vs. CD, 

32%(42);OR 1.7, 95%CI 0.9–2.9;p=.07]. Median time to SAI was significantly less after 
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AD[0.7(0–12) vs. CD, 7(0–91)months;p<.001]; however, freedom from SAI was not different(1-

year:AD, 67±4% vs. CD, 68±5%;3-year: AD, 65±7% vs. CD, 52±8%;p=.7). Types of SAI were 

similar(AD/CD:open, 61% vs. 55%;p=.6;major endovascular, 36% vs. 38%;p=.8;minor 

endovascular 21% vs. 21%;p=1). The open conversion rate(either partial or total endograft 

explant)[AD:10%(13 of 128) vs. CD:15%(20 of 130);p=.2] and incidence of retrograde 

dissection[AD:6%(7 of 128) vs. CD:4%(5 of 130);p=.5] was similar.

There was no difference in survival for SAI patients(5-year: AD+SAI, 55±9% vs. AD without 

SAI, 67±8%;p=.3;5-year: CD+SAI, 72±6% vs. CD without SAI, 72±7%;p=.7). Factors associated 

with SAI included younger age, AD with larger maximal aortic diameter at presentation, Marfan 

syndrome, and use of arch vessel adjunctive procedures with the index TEVAR. Indication for the 

index TEVAR(aneurysm, malperfusion, rupture, or pain/hypertension) or remote preoperative 

history of proximal arch procedure were not predictive of SAI.

Conclusion: SAI after TEVAR for TBAD is common. AD has a higher proportion of early SAI, 

however CD appears to have on-going risk of remediation after the first postoperative year. SAI 

types are similar between groups and the occurrence of aorta related re-intervention does not 

impact survival. Patient features and anatomy predict need for SAI. These data should be taken 

into consideration for patient selection, device design and surveillance strategies after TEVAR for 

TBAD.

Introduction

Acute type B aortic dissection(TBAD) is a challenging clinical problem that is associated 

with a risk of catastrophic complications such as rupture and/or end-organ malperfusion. 

Since the advent of thoracic endovascular aortic repair(TEVAR), several reports have 

highlighted the efficacy of this technology in the management of complicated, acute 

TBAD1–9. For uncomplicated, acute TBAD patients who are managed medically, a 

significant proportion develop chronic false lumen(FL) aneurysms and have similarly been 

increasingly treated with TEVAR6, 8, 10–12. The adoption of TEVAR for treatment of both 

acute and chronic TBAD(AD/CD) has been associated with high technical success, low 

complication rates, positive short-term aortic remodeling, and mid-term survival 

benefits13–15.

However, the acute and chronic phases of TBAD are characterized by a dynamic aortic 

remodeling environment with differences in dissection septum compliance, persistent FL 

perfusion, branch vessel perfusion status/location and aortic wall integrity, which all have 

implications on the incidence, timing and type of re-intervention that may occur after 

TEVAR16,17. Although population based studies have shown increasing utilization of 

TEVAR for TBAD, they rarely provide detailed information about secondary aortic related 

intervention(SAI). Importantly, the nature of the re-intervention can be quite variable 

depending on the underlying failure mechanism. A variety of different and potentially 

complex remedial endovascular, open, and/or hybrid techniques may be needed to address 

the failure modes after TEVAR for TBAD. Moreover, differentiation of the factors 

influencing re-intervention after TEVAR for AD/CD, as well as the implications of SAI on 

survival have not been well established.
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The purpose of this study is to review our experience with SAI after TEVAR for acute and 

chronic TBAD.

Methods

The University of Florida Institutional Review Board approved this study(#1621–2017). A 

waiver of informed consent was granted, as all collected data pre-existed in medical records 

and no subject contact or study-related interventions occurred.

Study cohort and database.

A prospectively maintained endovascular aortic registry of all consecutive TEVAR 

procedures from 2005–2016 was reviewed. A total of 1025 TEVAR procedures were 

performed, with 294 for AD or CD related pathology. Patients with thoracoabdominal FL 

aneurysm managed with chimney, renal-mesenteric fenestrated/branched grafts or visceral 

debranching with TEVAR were omitted. Patients who underwent simultaneous open arch 

vessel replacement and/or debranching with TEVAR were also excluded(n=36). While acute 

proximal dissections(Stanford A18 or Debakey I/II19) were not included in the analysis, 

patients previously treated(>30-days) for Type A dissection with residual, chronic TBAD 

with aneurysm formation were included, as were cases with concurrent arch vessel 

intervention(e.g. left carotid-subclavian bypass, left carotid/left subclavian chimney and/or 

fenestrated stent placement) to augment proximal landing zones. After applying these 

inclusion/exclusion criteria, a total of 258 TEVAR cases for acute and chronic TBAD were 

available for analysis.

Patient demographics, comorbidities, and surgical history of prior aortic procedures were 

abstracted. Computed tomographic arteriograms(CTA) were reviewed for anatomic detail 

and operative data was recorded. Proximal and distal(proximal to celiac, proximal to SMA, 

or infrarenal) contiguous coverage zones were documented, as well as use of adjunctive 

procedures(e.g. arch vessel bypass/embolization/stent, visceral stenting, or infrarenal 

EVAR). The prospectively maintained endovascular aortic registry and electronic medical 

records were reviewed for post-TEVAR aortic diameter, presence of endoleak, and 

occurrence of SAI. A retrospective chart review was subsequently performed for additional 

data collection to ascertain SAI details.

Clinical practice.

The UF/Health Aorta Center (https://ufhealth.org/uf-health-aorta-center/welcome) is 

constituted by a multi-disciplinary group of vascular and cardiovascular surgeons, as well as 

cardiovascular anesthesia and intensive care specialists. This serves as a major referral center 

of acute and chronic aortic disease for the Southeastern United States. Patients with ruptured 

TBAD and/or subjects presenting with end-organ ischemia(e.g. spinal, renal, bowel, lower 

extremity) were immediately treated with TEVAR while stable patients were admitted to a 

cardiovascular designated surgical intensive care unit(SICU) for serial evaluation, blood 

pressure management, and pain control. Patients with chronic TBAD with FL aneurysm 

were typically offered repair if the maximal thoracic aneurysm diameter exceeded ≥ 6.0cm 
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or had a documented growth rate ≥ 1.0cm on serial centerline reconstructions of CTA 

imaging over 12 months14.

Need and timing for TEVAR was discussed among the group in all cases. Device selection 

and implantation sequence was left to the operating surgeon’s choice. Anatomic suitability 

was generally determined based on reference aortic(between left common carotid-left 

subclavian artery) inner(intimal) diameter ≤ 42mm, and a centerline distance from the left 

common carotid artery to the dominant primary entry tear ≥ 20mm. Aortic device oversizing 

for AD was typically 1–10% and intravascular ultrasound(IVUS) was used in all cases with 

digital subtraction arteriography to determine true lumen(TL) cannulation, landing zone 

morphology, and branch vessel anatomy.

Subclavian revascularization was performed routinely for AD/CD TBAD patients needing 

subclavian coverage, as per practice guidelines20. TEVAR length for AD without rupture 

was at the discretion of the operating surgeon, with the goal being coverage of the primary 

entry tear and FL depressurization/restoration of TL flow. Success was guided by IVUS 

appearance of TL/FL mobility and assessment of FL perfusion on completion arteriography. 

In cases of AD with rupture, TEVAR coverage length routinely went to the level of the 

celiac origin. Compliant ballooning was avoided unless there was evidence of significant 

endoleak.

Endograft sizing, aortic coverage length and compliant ballooning principles that governed 

the care of chronic TBAD with TEVAR have been previously published by our group14. 

Additional details highlighting spinal drain protocol usage and postoperative TEVAR 

management has also been previously published21. Post-discharge CTA surveillance was 

similar for AD/CD TEVAR cases and typically consisted of imaging at 1-month, 3-months, 

6-months, 12-months, 18-months, 24-months and annually, thereafter. The need, timing and 

type of SAI was based upon the multi-disciplinary group’s judgement.

End-points and definitions.

The primary end-point was mortality after SAI. Secondary end-points included 

complications and out of hospital survival after SAI. AD was defined by diagnosis within 

30-days of symptom onset whereas CDs were those repaired at greater than 30-days after the 

index diagnosis. Primary technical success for the index AD TEVAR procedure was defined 

as coverage of the proximal entry tear,22 endograft deployment without type Ia/III endoleak, 

and absence of open conversion and/or death within 24-hours postoperatively.23 Technical 

success for the index CD TEVAR procedure was defined as deployment of the endograft at 

the intended aortic segment with absence of antegrade flow into the false lumen/aneurysm at 

case completion. Comorbidities and aortic coverage zones were defined based on previously 

published definitions from the Society of Vascular Surgery.24, 25

Re-intervention was defined as any aorta-related endovascular or open surgical procedure 

that occurred after the index TEVAR either at the intended treatment zone or at remote 

aorticsites. Re-intervention was performed for multiple indications including: retrograde 

dissection, persistent FL flow into the treated segment with further aneurysmal degeneration, 

Type I, II or III endoleak, stent-graft induced new re-entry tear(SINE) causing pain or 
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recurrent FL flow/aneurysm, device failure(such as endograft infolding), and aneurysmal 

degeneration of the untreated proximal or distal aorta. Endovascular SAI procedures were 

sub-classified as major if they included an additional aortic endograft at the intended 

treatment zone or remote aortic site, and defined as being minor if a side branch or false 

lumen embolization. Patient mortality was verified utilizing the Social Security Death 

Masterfile.

Statistics.

Categorical and continuous variables were compared between patients with and without SAI 

using Chi-square and Student T-tests where appropriate. Similarly, AD and CD SAI events 

were compared to determine if there were differences in the timing, type and outcome of 

these events. Kaplan-Meier methodology was used to estimate freedom from SAI and mid-

term(3 and 5-year) survival. Cox proportional hazards modeling was used to identify 

predictors of SAI. All statistical analysis was performed using STATA 12 

software(StataCorp, College Station, Texas). A P-value < .05 was considered significant.

Results

Patient cohort.

A total of 258 TEVAR procedures were performed for acute(n=128;49%) and 

chronic(n=130;51%) TBAD during the study interval. Demographics and comorbidities are 

depicted in Table I. Over a quarter(28%) of the patients had a remote preoperative history of 

a prior aortic repair. Although most features were similar between the two cohorts, there 

were important differences for patients who ultimately underwent SAI. Specifically, there 

was a higher proportion of Marfan syndrome patients who ultimately underwent SAI(11% 

vs. 4%;p=.02). As expected, the aortic diameter prior to the index TEVAR procedure was 

larger for CD patients compared to AD subjects(63±11mm vs. 47± 11mm;p< .001). AD 

subjects who experienced SAI were more likely to have had a prior aortic repair(AD-29% 

vs. CD-12%;p=.03). Other demographics and comorbidity relationships were similar when 

stratifying AD and CD patients with and without SAI(Table IIa and IIb).

Anatomic detail.

A majority of patients received TEVAR coverage within zone 2(64%) or 3(26%) but there 

was no difference for patients who did or did not undergo SAI(Table III). Only 4% had 

coverage extending below the celiac artery. An arch vessel adjunct to augment the proximal 

landing zone was required in 29% including carotid-subclavian bypass(22%), subclavian 

embolization(20%), and/or arch vessel stent(graft)(4%). Despite no difference in the overall 

proximal landing zone distribution, adjunctive arch vessel procedures during the index 

TEVAR were significantly more frequent for patients who subsequently underwent SAI(p=.

02). Distal extent and visceral or infrarenal adjuncts were similar. Initial aortic diameter was 

larger in patients who ultimately underwent SAI(60±13 vs. 55± 14mm, p=.02). There was 

no difference in graft manufacturer or number of components used between patients with 

and without SAI.
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As expected, CD patients most commonly had the initial TEVAR performed for 

aneurysm(95%) and less commonly malperfusion(5%) with only one rupture(0.8%). 

Conversely, AD patients had more variable indications for TEVAR; malperfusion(44%), 

aneurysm(25%), rupture(17%), and intractable pain/hypertension(14%).

Postoperative outcomes after index TEVAR.

Length of stay was 10±11 days. 30-day mortality was 7%(19) overall and significantly 

higher with AD than CD(13% vs. 2%;p=.002). The overall rate of any postoperative 

complication occurrence was 39%(AD 52% vs. CD 27%;p=.001). When examining 

differences between patients with or without SAI, no difference in elective or non-elective 

presentation for index TEVAR was noted, however SAI patients did have a lower 30-day 

mortality with their index TEVAR(1% vs. No SAI, 10%;p=.03). Initial aortic diameter was 

larger in patients who ultimately underwent SAI(60±13 vs. 55±14mm, p=.015).

Secondary aortic interventions.

Over a mean follow up of 17±22 months, SAIs occurred in 27%(70) of patients with a trend 

toward a higher rate for CD patients[CD, 32%(n=42) vs. 22%(28) for AD;p=.06). The 

distribution of the type of SAIs were similar among the AD and CD cohorts(Table IV). SAIs 

were evenly distributed between open and endovascular procedures. Likewise, the overall 

open conversion rate(including partial or total endograft explant) was comparable between 

AD and CD patients[10% vs. 15%;p=.22], as was the incidence of retrograde dissection 

resulting in SAI[6%(7 of 128) vs. 4%(5 of 130);p=.5].

Among all SAIs, 26% (n=18) occurred emergently and was not different among the two 

cohorts. Freedom from SAI was similar for both AD and CD patients (3-year: 65±7% vs. 

52±8%;p=.7)(Figure 1). Median time to initial SAI, however, was significantly shorter for 

acute dissection subjects[0.7(0–12) vs. CD, 7(0–91)months;p<.001].

Survival Impact and Predictors of SAI.

Median survival time for the series was 48.7(68) months. The overall survival with or 

without SAI for the entire cohort was 81.3±4.9% vs. 70.5±3.4% at 3 and 69.6±6.1% vs. 

63.0±3.8% at 5 years, respectively(log-rank p=.18)(Figure 2). Survival was similar 

regardless of the need for SAI for both AD(5-year: with SAI 67.1±9.9% vs. 55.0±5.5%;p=.

24) and CD(5-year: 71.7±7.7% vs. 71.8±5.1%;p=.72)(Figure 3). Notably, survival was not 

predicted by type of SAI. Specifically, when examining the survival impact of open 

conversion events including repairs of retrograde type A dissection after TEVAR for TBAD, 

no difference in survival is noted compared to subjects not experiencing these events(p=.

35;Figure 4). In an attempt to further understand the influence of SAI on survival beyond the 

early postoperative interval for both AD and CD, 30-day death events were censored and 

surviving subjects who subsequently went on to experience SAI were analyzed. As depicted 

in Figure 5, no significant difference in 3 or 5 year survival is noted for AD or CD with or 

without SAI among this subset of patients (AD;p=.76, CD:p=.99).

Univariate predictors of SAI included larger maximal aortic diameter, patients with Marfan 

syndrome, and those with an arch vessel adjunctive procedure performed with index TEVAR 
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(Table Va). In multivariable analysis, there was an interaction between maximal aortic 

diameter and dissection acuity that was identified, demonstrating a stronger relationship for 

increasing diameter with an AD indication compared to chronic TBAD. The effect of 

Marfan syndrome and arch vessel adjunctive procedures were no longer significant when 

including all predictive variables. Importantly, indication for index procedure(aneurysm, 

malperfusion, rupture, or pain), remote (>30-day) history of a preoperative aortic procedure, 

number of stent grafts used during the index TEVAR, or proximal/distal landing zone 

coverage was not predictive of SAI (Table Vb).

Discussion

The study demonstrates that the need for SAI is common after TEVAR for both acute and 

chronic TBAD. Importantly, remediation procedures do not appear to adversely impact 

survival. Despite acute and chronic TBAD having significantly different indications and 

goals of treatment with the index TEVAR procedure, the likelihood of subsequent SAI is 

similar. Notably, the timing of SAI after TEVAR for AD typically occurred within the first 

postoperative year, which was significantly different than CD subjects who frequently 

underwent SAI beyond the first postoperative year. Notwithstanding these differences, the 

types of remedial procedures that occurred were comparable between groups. The 

significance of the study is highlighted by the fact that it is one of the largest series to date 

that provides granular details of SAI after TEVAR and directly compares acute and chronic 

TBAD patients.

There are several proposed mechanisms of TEVAR failure after treatment of TBAD 

including: 1) persistent retrograde FL perfusion from distal re-entry tears, 2) kinetic motion 

of the dissection flap and variable aortic-wall compliance 3) continued pressurization from 

the distal lumen despite thoracic FL aneurysm thrombosis 4) intimal-medial erosion26 from 

the interaction of the self-expanding stent-graft with the fragile aortic intima 5) endograft 

collapse due to a non-compliant dissection flap and 6) visceral vessel ischemia(if branch 

vessels receive dual or sole perfusion from the FL).27 Frequently, the extent of the dissection 

(e.g. extension into the visceral aortic segment; Debakey IIIb) has been reported to impact 

long-term aortic remodeling13, 27 which could also possibly contribute to the likelihood of 

subsequent aorta related re-intervention.

The incidence of SAI after TEVAR for TBAD has been reported by trials and registries 

demonstrating the efficacy of this technology in the management of acute, complicated 

presentations, including patients with rupture and/or end-organ 

malperfusion1, 2, 5, 6, 8, 11, 13, 28–30. In contrast, the indications for treatment of chronic 

TBAD remains poorly defined due to a lack of consensus about treatment goals, definitions 

of clinical success, as well as concerns about treatment failure.15, 27, 31 A variety of methods 

have been described to define successful clinical and anatomical outcome related to aortic 

remodeling after TEVAR for TBAD such as evaluation of false: true lumen ratios, false 

lumen volumetry, and total aortic/aneurysm diameter changes over time10, 13, 32, 33. Unlike 

degenerative aneurysms, complete exclusion of the FL(aneurysm) in dissection patients is 

often difficult to attain due to secondary distal septal tears. This distinction is notable since 
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one could speculate that the lack of harmonization between AD and CD TBAD treatment 

indications and goals of care could lead to significant variability in reported rates of SAI.

Interestingly, despite these differences, a similar proportion of patients undergoing TEVAR 

for acute (7–35%) and chronic TBAD (5–47%) undergo subsequent re-intervention 

compared to 12–25% for degenerative aneurysm patients13, 14, 17, 34–36. A majority of these 

patients achieve FL thrombosis parallel to the stent graft and have good overall survival after 

re-intervention13, 36. Correspondingly, the incidence of SAI and overall survival within our 

study was similar to these series. Given the fact that AD is an acute aortic pathology that 

results in long-term vulnerability of secondary aortic complications, diligent follow-up and 

judicious re-intervention should be an expected part of the management algorithm.

The types of re-interventions that occurred in this series were similar between AD and CD 

patients. The relatively high proportion of open operations is notable since other reports have 

highlighted that endovascular re-interventions usually dominate. For example, a review of 41 

patients who underwent TEVAR for AD had 14 subjects who experienced SAI and 13(93%) 

were endovascular re-interventions29. Remediation strategies after TEVAR for TBAD are 

variable and depend upon the failure mechanism, however the moderate incidence of open 

repair events(which include hybrid procedures) in our experience including open 

conversions reflects the anatomic complexity and selection bias within our own multi-

disciplinary group practice. While the rate of open SAI operations was different than some 

other reports, some of these procedures were planned staged repairs, in whom the initial 

TEVAR procedure was performed to decrease the extent/complexity of the second operation, 

and/or decrease the risk of spinal cord ischemia by staging the repair. These types of 

complicated patients are common in our practice and may not be completely representative 

of all practices.

Virtually all SAIs performed after TEVAR for AD occurred within the first year, whereas 

those after CD happened at more variable time points and much later during the follow-up 

period. The variable timing of re-interventions after TEVAR for TBAD has been previously 

reported8, 14–16, 29, 37, 38. Device oversizing >10%, bare-spring stents, and early endoleaks 

with incomplete FL thrombosis have all been implicated as drivers of late re-interventions29. 

In our experience, the need for SAI was most strongly associated with initial aortic diameter, 

use of arch vessel adjuncts to augment a proximal landing zone, and history of Marfan 

syndrome. Interestingly, initial diameter was an important predictor only in AD cases. The 

use of TEVAR for patients with known connective tissue disorders is controversial due 

concerns about durability, however in a patient with AD, it can offer a bridge to definitive 

open surgical therapy after stabilization39. These risk factors may be markers for poor aortic 

wall integrity and indicate that the aorta is inherently more vulnerable to poor remodeling 

after intervention.

Perhaps the most dreaded complication from these interventions is precipitation of 

retrograde type A dissection(RTAD) that has been reported to occur in up to 2–6% of 

cases13, 26, 40. In our series, the overall RTAD rate was 5% and occurred with similar 

frequency after TEVAR for acute or chronic TBAD. In a systematic review of 8969 patients, 

the pooled estimate for RTAD was 2.5%(95%CI 2–3.1) with a 37.1%(95%CI 23.7–51.6%) 
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mortality rate; however, this included all indications. Specific to aortic dissection, the 

relative risk of RTAD was 1.81(95% CI 1.04–3.14) for AD(relative to CD) a nd 5.33(95% 

CI, 2.70–10.51) for AD (relative to a degenerative aneurysm). Notably in that analysis, the 

incidence of RTAD was significantly different in patients with proximal bare stent and non-

bare stent endografts (RR=2.06; 95% CI 1.22–3.50) 40.

These events highlight the current limitations of stent-graft design in the management of 

dissection given that treatment must often extend to the origin of the left common carotid 

artery, requiring the fragile and highly dynamic aortic tissue to interface with a somewhat 

unforgiving thoracic endograft. Moreover, the endograft frequently must adapt to significant 

differences in lumen size between the proximal and compressed distal true lumen, especially 

in CD cases where the septum is less likely to expand immediately after device placement. 

There may be benefit in the next generation of stent-graft design having pathology-specific 

device modifications to accommodate these challenges.

There are several limitations of this study. First, this is a retrospective, single center study 

with a modest sample size which increases risk of type II error. There was no standardized 

treatment algorithm or guidelines that governed the decisions surrounding SAI so we cannot 

account for the influence of selection bias on our results. We do not have the ability to 

compare this TEVAR group to those TBAD patients treated medically. Additionally, it is 

possible for 16 SAIs to have occurred at other institutions that would impact the results. 

Follow-up time was relatively short so the longer-term implications of SAI cannot be 

determined. In many cases, this was due to the nature of a large geographic referral pattern 

and patient preference to have follow-up closer to home after their index procedure.

Conclusions

SAI after TEVAR for TBAD is common and occurs with similar frequency irrespective if 

the index procedure was performed for an acute or chronic presentation. Concurrently, there 

is a similar distribution of the types of open and endovascular remedial procedures that 

occurs. AD patients have a higher proportion of early SAI, however CD patients appear to 

have a higher on-going need for remediation after the first year, which may provide some 

opportunity to tailor follow-up regimens based on presentation. Notably, despite some of the 

SAI events being complex, the overall survival is not negatively impacted compared to 

subjects without SAI. Patient features, anatomy and timing of initial presentation predict 

need for SAI. The relevance of these findings are underscored by the increasing adoption of 

TEVAR nationally to treat both acute and chronic TBAD which has implications on device 

design, patient selection, surveillance and anticipated outcomes of aorta related re-

intervention.
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JVS-D-18-00571R1, Implications of Secondary Aortic Intervention after TEVAR for 

Acute and Chronic Type B Dissection

Type of Research: Retrospective single center cohort study

Key Findings:

Out of 258 TEVARs performed for acute and chronic Type B aortic dissection 27% 

required secondary aortic interventions (SAIs ); SAIs did not affect survival.Younger age, 

acute dissection with large aortic diameter, Marfan syndrome and brachiocephalic 

adjunctive procedures predicted SAIs.

Take Home Message:

In patients who undergo TEVAR for aortic dissections, younger age, acute dissection 

with large aortic diameter, Marfan syndrome and brachiocephalic adjunctive procedures 

will predicted SAIs, but long term survival will not be affected.
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Figure 1. 
Freedom from Secondary Aorta Related Re-intervention after TEVAR for Acute and 

Chronic Type B Dissection
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Figure 2. 
Survival with or without Secondary Aorta Related Re-intervention after TEVAR for Type B 

Dissection
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Figure 3. 
Survival Impact of Secondary Aorta Related Re-intervention after TEVAR for Acute and 

Chronic Type B Dissection
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Figure 4. 
Survival Impact of Open Conversion and/or Repair of Retrograde Type A Dissection after 

TEVAR for Acute and Chronic Type B Dissection
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Figure 5. 
Survival Impact of Secondary Aorta Related Re-intervention Excluding Early (<30-day) 

Mortality Events after TEVAR for Acute and Chronic Type B Dissection
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Table I.

Patient demographics, comorbidities, and indications for all patients with or without secondary aortic 

intervention after TEVAR of type B dissection

Feature, % (No.)
All patients

N=258

Secondary Aortic
Intervention(+)

27%(N=70)

Secondary Aortic
Intervention(−)

73%(N=188) p-value

Age (years±SD) 61.5±12.9 60.2±12.0 62.0±13.3 .3

BMI 28.8±5.8 29.2±5 28.6±6 .5

Male 79(203) 86(60) 77(144) .1

Acute (days) 50(128) 40(28) 53(100) .06

-days from presentation 4.8±6 5.2±7.5 4.6±5.5 .6

Chronic (mos) 50(130) 60(42) 47(88) .06

-months from presentation 46.9±59 45.8±43 47.5±65 .9

Prior aortic repair 28(73) 37(26) 25(47) .05

Time since prior aortic repair (mos) 196 302 132 .1

ASA 2 0.4(1) 0 0.5(1) .5

   3 17(45) 21(15) 16(30) .3

   4 80(207) 79(55) 81(152) .7

   5 2(5) 0 3(5) .2

COPD 13(34) 16(11) 12(23) .5

Smoking history 39(101) 37(26) 40(75) .7

End stage renal disease 2(5) 1(1) 2(4) .7

Chronic renal insufficiency 31(80) 24(17) 34(63) .2

Hypertension 92(236) 90(63) 92(173) .6

Dyslipidemia 44(114) 47(33) 43(81) .6

Diabetes mellitus 12(32) 16(11) 11(21) .3

Congestive heart failure 5(13) 4(3) 5(10) .7

Peripheral vascular disease 4(10) 3(2) 4(8) .6

Cerebrovascular disease 7(17) 7(5) 6(12) .8

Arrhythmia 8(20) 10(7) 7(13) .4

Coronary artery disease 18(47) 19(13) 18(34) .9

Marfan syndrome 6(15) 11(8) 4(7) .02

Indication for TEVAR

  -Refractory hypertension/pain 7(18) 4(3) 8(15) .3

  -Aneurysm 60(155) 73(51) 55(104) .01

  -Malperfusion 24(62) 17(12) 27(50) .1

  -Rupture 9(23) 6(4) 10(19) .3

BMI, body mass index; ASA, American Society of Anesthesia; COPD, chronic obstructive pulmonary disease; TEVAR, thoracic endovascular 
aortic repair
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Table IIa.

Patient demographics, comorbidities, and indications for acute dissection patients with or without secondary 

aortic intervention after TEVAR for type B dissection

Acute, %(No.)

Acute
patients
N=128

Secondary Aortic
Intervention(+)

22%(N=28)

Secondary Aortic
Intervention(−)

78%(N=100) p-value

Age (years) 60.6±14.0 59.5±14.8 60.9±13.8 .6

BMI 28.3±5.6 27.7±5.3 28.5±5.7 .5

Male 74(95) 82(23) 72(72) .3

Timing of TEVAR (days) 4.8±6 5.2±7 4.6±5 .6

Prior aortic repair 16(20) 29(8) 12(12) .03

Time since prior aortic repair (mos) 38.5±46 32.8±5 4 20.3±38 .1

ASA

   3 16(21) 11(3) 18(18) .4

   4 80(102) 89(25) 77(77) .2

   5 4(5) 0 5(5) .2

COPD 10(13) 18(5) 8(8) .1

Smoking history 34(44) 25(7) 37(37) .2

End stage renal disease 0 0 0 1

Chronic renal insufficiency 30(39) 29(8) 31(31) .8

Hypertension 89(114) 86(24) 90(90) .5

Dyslipidemia 34(44) 32(9) 35(35) .8

Diabetes mellitus 11(14) 11(3) 11(11) 1

Congestive heart failure 2(3) 0 3(3) .4

Peripheral vascular disease 2(3) 4(1) 2(2) .6

Cerebrovascular disease 5(6) 7(2) 4(4) .5

Arrhythmia 7(9) 11(3) 6(6) .4

Coronary artery disease 14(18) 18(5) 13(13) .5

Marfan syndrome 5(7) 14(4) 3(3) .02

TAAA diameter (mm) 47.4±11 50.4±10 46.5±11 .1

BMI, body mass index; TEVAR, thoracic aortic endovascular repair; COPD, chronic obstructive pulmonary disease; TAAA, thoracoabdominal 
aortic false lumen aneurysm
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Table IIb.

Patient demographics, comorbidities, and indications for chronic dissection patients with or without secondary 

aortic intervention after TEVAR for type B dissection

Chronic, %(No.)

Chronic
patients
N=130

Secondary Aortic
Intervention(+)

32%(N=42)

Secondary Aortic
Intervention(−)

68%(N=88) p-value

Age (years±SD) 62.5±12 60.6±10 63.3±13 .2

BMI 29.2±6 30.1±5 28.7±6 .2

Male 84(109) 88(37) 82(72) .4

Chronic (months)

-months from presentation 46.9±59 45.8±43 47.5±65 .9

Prior aortic repair 41(53) 43(18) 40(35) .7

Time since prior aortic repair
(mos)

38.5±46 32.8±54 20.3±38 .6

ASA 2 1(1) 0 1(1) .5

   3 18(24) 29(12) 14(12) .04

   4 81(105) 71(30) 85(75) .06

   5 0

COPD 16(21) 14(6) 17(15) .7

Smoking history 44(57) 45(19) 43(38) .8

End stage renal disease 4(5) 2(1) 5(4) .5

Chronic renal insufficiency 32(41) 21(9) 36(32) .09

Hypertension 94(122) 93(39) 94(83) .7

Dyslipidemia 14(18) 19(8) 11(10) .2

Diabetes mellitus

Congestive heart failure 8(10) 7(3) 8(7) .9

Peripheral vascular disease 5(7) 2(1) 7(6) .3

Cerebrovascular disease 8(11) 7(3) 9(8) .7

Arrhythmia 8(11) 10(4) 8(7) .8

Coronary artery disease 6(9) 10(4) 5(4) .3

Marfan syndrome 6(8) 10(4) 5(4) .3

TAAA diameter (mm) 62.8±11 65.0±11 61.7±11 .1

BMI, body mass index; TEVAR, thoracic aortic endovascular repair; COPD, chronic obstructive pulmonary disease; TAAA, thoracoabdominal 
aortic false lumen aneurysm

J Vasc Surg. Author manuscript; available in PMC 2020 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Giles et al. Page 22

Table III.

Operative description, anatomic detail and outcomes for all patients with or without secondary aortic 

intervention after TEVAR for type B dissection

Feature, % (No.)
All patients

N=258

Secondary Aortic
Intervention(+)

27%(N=70)

Secondary Aortic
Intervention(−)

73%(N=188) p-value

Device Type

 -Cook 46(119) 41(29) 48(90) .4

 -W.L. Gore 36(94) 36(25) 37(69) .9

 -Medtronic 17(45) 23(16) 15(29) .2

# stent-graft components (±SD) 2.1±0.9 2.1±0.9 2.1± 0.9 .6

Aortic diameter (mm±SD) 56.6±13.1 59.9±13 54.9±14 .02

Proximal coverage zone

 -0 3(7) 4(3) 2(4) .3

 -1 3(9) 6(4) 3(5) .2

 -2 64(164) 64(45) 63(119) .9

 -3 26(66) 21(15) 27(51) .4

 -4 5(12) 4(3) 5(9) .9

Distal extent below celiac 4(11) 1(1) 5(9) .3

Arch vessel adjunct 29(75) 40(28) 25(47) .02

  -C-SC bypass 22(58) 29(20) 20(38) .2

  -SCA embolization 20(51) 26(18) 18(33) .1

  -Arch vessel stent 4(10) 9(6) 2(4) .02

EVAR 8(20) 7(5) 8(15) .8

Visceral/renal adjunct 17(45) 11(8) 20(37) .1

Elective 43(111) 49(34) 41(77) .3

Urgent-symptomatic 37(95) 39(27) 36(68) .7

Emergent-rupture 20(52) 13(9) 23(43) .08

30-day mortality 7(19) 1(1) 10(18) .03

Any complication 39(101) 44(31) 37(70) .3

Length of stay (days±SD) 10.2±11 11.9±14 9.5±9 .1

Any postoperative SCI 10(26) 4(3) 12(23) .07

Permanent SCI 6(16) 1(1) 8(15) .1

Endoleak ever in follow-up 61(137) 92(59) 49(78) <.0001

Endoleak within 1st postop year 53(130) 85(57) 41(73) <.0001

SD, standard deviation; C-SC, carotid subclavian bypass; SCA, subclavian artery; EVAR, infrarenal endovascular aortic stent repair; SCI, spinal 
cord ischemia; permanent deficits include partial or complete paralysis
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Table IV.

Types of secondary aorta related re-intervention after TEVAR for acute and chronic type B dissection patients

Feature, % (No.)
Acute dissection SAI

N=28
Chronic dissection SAI

N=42
p-value

.06

Open Procedure 61(17) 23(55) .3

 -Open Conversion 46(13) 48(20) .2

Major Endovascular 39(11) 38(16) .3

Minor Endovascular 25(7) 24(10) .5

Other 32(9) 10(4) .1
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Table Va.

Age-adjusted univariate predictors of secondary aortic intervention after TEVAR for acute and chronic type B 

aortic dissection

Predictor HR 95% CI P-value

Aortic diameter 1.02 1.0–1.04 .04

Acute dissection* 1.03 .6–1.7 .9

Marfan syndrome 2.3 1.1–4.9 .03

Arch vessel adjunct 1.7 1.03–2.7 .04
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Table Vb.

Multivariable predictors of secondary aortic intervention after TEVAR for acute and chronic type B aortic 

dissection

Predictor HR 95% CI P-value

Age (by 10 year interval) .78 .61–1.0 .05

Aortic diameter 1.03 1.01–1.06 .007

Diameter*acute dissection interaction 1.01 1.00–1.03 .04

Marfan syndrome 2.1 .9–5.1 .1

Arch vessel adjunct 1.5 .8–2.6 .2
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