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Abstract

Objective: To evaluate aortic disease progression and reintervention following an initial thoracic 

aortic dissection in pathogenic variant carriers.

Methods: Of 175 participants diagnosed with thoracic aortic dissection, 31 had a pathogenic 

variant (pathogenic group) across 6 genes (COL3A1, FBN1, LOX, PRKG1, SMAD3, TGFBR2) 

identified by whole exome sequencing. Those with benign or normal variants (benign/normal 

group, n=144) comprised the control group. Clinical data was collected through medical record 

review (1985-2018) and supplemented with the National Death Index database (December 2018).

Results—The entire cohort (n=175) consisted of 108 type A aortic dissections (TAAD) and 

67 type B aortic dissections, similarly distributed between groups. The pathogenic group was 

significantly younger (43- vs. 56-years-old, p<0.0001) and had significantly more aortic root 

replacements and similar extents of arch replacement at initial TAAD repair. The median follow

up time was 7.5 (4.6, 12) years. After initial treatment, the pathogenic group required significantly 

more aortic reinterventions (median 1 vs. 0, p<0.0001) and mean cumulative aortic reinterventions 

for each patient (10-year: 1 vs. 0.5, p=0.029). Both incidence rate (12%/year vs. 1.2%/year, 

p=0.0001) and cumulative incidence of reinterventions (9-year: 70% vs. 6%, p<0.0001) for the 

preserved native aortic root were significantly higher in the pathogenic group, but were similar for 
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the preserved native aortic arch and distal aorta between groups. Ten-year survival was similar in 

the pathogenic and benign/normal groups (92% vs. 85%).

Conclusions: Aggressive aortic root replacement and similar arch management should be 

considered in pathogenic variant carriers at initial TAAD repair compared to benign/normal 

variant carriers.

Graphical Abstract:

A summary of the key findings and their implications: Compared to the patients with benign 

and normal genetic variants, patients with pathogenic variants had a significantly higher rate of 

reinterventions only of the native aortic root after initial thoracic aortic dissection.

INTRODUCTION

Approximately 30% of patients presenting with a thoracic aortic aneurysm and dissection 

have an underlying genetic predisposition,1 which can be syndromic, such as Marfan 

syndrome (MFS) or Loeys-Dietz syndrome (LDS), or nonsyndromic, as with ACTA2, 
MYLK, and MYH11 mutations.2 To date, there is strong or definitive evidence for 11 

genes associated with thoracic aortic aneurysm or dissection.3 Among patients with familial 

nonsyndromic thoracic aortic aneurysm and dissection, it is estimated that 30% have a 

pathogenic variant in one or more of these genes.1,4 The majority of causative variants 

have been identified in genes encoding proteins that function in the extracellular matrix, 

smooth muscle cell contraction and metabolism, and the transforming growth factor-β 
pathway, including FBN1, COL3A1, and LOX; ACTA2, MYH11, MYLK, and PRKG1; 
and TGFBR1, TGFBR2, TGFb2, and SMAD3, respectively.3

We recently performed research whole exome sequencing among patients with a history of 

thoracic aortic dissection and reported that pathogenic variants were identified in 10.8% of 

cases in 6 genes (COL3A1, FBN1, LOX, PRKG1, SMAD3, TGFBR2).5 There is a lack 
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of evidence on how to manage patients with pathogenic variants at the time of the initial 

aortic event, such as an acute type A aortic dissection, and surveillance of the dissected aorta 

during follow-up. The objective was to evaluate aortic disease progression and subsequent 

reintervention following an initial thoracic aortic dissection in pathogenic compared to 

benign or normal variant carriers. We hypothesized that patients with pathogenic variants 

would require more late reinterventions after an initial thoracic aortic dissection.

MATERIALS AND METHODS

The study was approved by the Institutional Review Board at Michigan Medicine and all 

subjects provided informed consent.

Study Population

In all patients who presented with a thoracic aortic dissection between 1985 and 2015, 

pathogenic variants were analyzed in 11 genes by whole exome sequencing5 and identified 

in 31 cases (pathogenic group) in 6 genes (COL3A1, FBN1, LOX, PRKG1, SMAD3, 
TGFBR2). The control group (n=144) was comprised of benign or normal variant carriers 

(benign/normal group). Patients with variants of unknown significance were excluded from 

this study. The final cohort consisted of 175 patients. The pathogenic group was further 

matched to patients with benign/normal variants (n=31) based on diagnosis (type A versus 

type B aortic dissection), extent of dissection, sex, and closest age. The results of the 

matched cohorts are reported as supplemental tables and figures.

Data Collection of Clinical Outcomes

Investigators systematically reviewed electronic medical records to verify demographics, 

genetic testing results, diagnoses, comorbidities, medications, operative characteristics, 

reintervention data, and imaging data. The National Death Index database through 

December 31, 20186 was utilized as well as electronic medical record review to obtain 

data on long-term survival.

Late reinterventions were defined as open and endovascular (TEVAR) aortic repair 

following initial aortic dissection for the expansion of the native aorta. At Michigan 

Medicine, we followed the AHA/ACC guidelines for the interventions of thoracic aortic 

aneurysms. If patients had a segment of the aorta replaced during the initial aortic event 

or prior, such as a total aortic root replacement, then those patients were not at risk of 

reintervention for the dilation of that specific segment of the aorta, such as an aortic root 

procedure for root aneurysm. Only patients with a native aorta were included in the analysis 

of incidence rate and cumulative incidence of reintervention for the different segments of the 

aorta, including the aortic root, arch, descending thoracic aorta, and abdominal aorta.

Statistical Analysis

Continuous variables are presented as median (25 percentile, 75 percentile) and categorical 

variables are reported as n (%) in frequency tables. Univariate comparisons between 

pathogenic carriers and benign/normal carriers were performed using chi-square tests or 

Fischer’s exact test for categorical data and Wilcoxon rank sum tests for continuous data. 
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The incidence rate of reintervention was calculated based on the patients at risk who still 

had a significant portion of native aorta remaining after the initial dissection. As patients 

may experience death before reintervention was indicated, cumulative incidence curves 

adjusting for death as the competing risk were generated to assess cumulative incidence of 

first reintervention for different aortic segments. Cox proportional hazard regression was 

performed to calculate the hazard ratio (HR) for reoperation after initial aortic dissection 

by adjusting for group, age at dissection, arch procedure, type A aortic dissection, and 

hypertension. To account for all possible late reinterventions on any portion of the aorta, 

rather than only the first reintervention, a mean cumulative function curve was generated to 

describe the cumulative number of reinterventions in any of the aortic segments over time. 

Crude survival curves since initial aortic dissection were estimated using the non-parametric 

Kaplan-Meier method. Cox proportional hazard regression was performed to calculate the 

HR for mortality after initial aortic dissection by adjusting group, age at dissection, gender, 

type A aortic dissection, and hypertension. The growth rate of the aorta measured by 

imaging studies was calculated using mixed effect models, and the interaction between year 

and group is also tested in these models: reported in the supplemental material for the 

matched cohorts. All statistical calculations used SAS 9.4 (SAS Institute, Cary, NC) and 

were considered significant at p<0.05.

RESULTS

Pathogenic Variants

In the 31 patients with pathogenic variants, the variants were identified in FBN1 in 22 (71%) 

patients, and other genes in 9 (29%) patients, including PRKG1 (n=2), TGFBR2 (n=2), 

SMAD3 (n=3), COL3A1 (n=1), and LOX (n=1) (Supplemental Table 1).

Demographics

The median age for the entire cohort at the time of the initial aortic dissection was 55-years

old and 64% were male. There were 108 type A aortic dissections (TAAD) and 67 type B 

aortic dissections (TBAD) with the dissection types similarly represented between groups.

The pathogenic group was significantly younger at the time of the initial aortic dissection 

(43- vs. 56-years-old) and had less hypertension (26% vs. 70%) and dyslipidemia (10% 

vs. 33%) compared to the benign/normal group. There were eight patients undergoing prior 

aortic root replacement for an aortic root aneurysm [five (16%) pathogenic and three (2%) 

benign/normal variant carriers]; all eight patients had acute type B aortic dissections. All 

other comorbidities were similar between groups (Table 1).

Initial Management of Thoracic Aortic Dissection

For the entire cohort, 68% (n=119) of patients underwent aortic repair (open or TEVAR) 

at the time of initial aortic dissection. Ninety-eight percent of all acute (n=105) and 

chronic TAADs (n=3) were managed with open aortic repair. Two patients with a TAAD 

(acute, n=1 and chronic, n=1) were medically managed. Sixty-eight percent of initial 

TAAD repairs were performed at the University of Michigan (from 1993 to 2015) 

while the remaining repairs (32%) were performed at an outside hospital (from 1985 to 
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2014). Ten TBAD patients underwent TEVAR for impending rupture, three had proximal 

descending replacement via thoracotomy, and nine had endovascular fenestration/stenting 

for malperfusion. Sixty-seven percent (45/67) of TBADs were only medically managed. 

(Table 2).

Among patients undergoing open TAAD repair, the pathogenic group had significantly more 

aortic root replacement (71% vs. 35%), but similar extents of arch replacement (hemiarch, 

zone 1-3 arch replacement with replacement of 1-4 arch branch vessels) and stent graft 

placement in the descending thoracic aorta (frozen elephant trunk) as the benign/normal 

group (Table 2). For the entire cohort, after the initial aortic dissection and surgical repair 

including previous aortic repairs, 70% of patients (total, n=122; pathogenic variant carrier, 

n=11and benign/normal variant carrier, n=111) had native aortic roots that were potentially 

at risk of reintervention for aortic root aneurysm. Eighty-two percent of patients (total, 

n=143; pathogenic, n=28 and benign/normal, n=115) had hemiarch or no arch replacement, 

and therefore had a partial or whole native aortic arch that was potentially at risk for 

reintervention due to an aortic arch aneurysm. One-hundred percent (175/175) of patients 

had native descending thoracic and abdominal aortas that were potentially at risk for thoracic 

aneurysm, thoraco-abdominal aortic aneurysm, and abdominal aortic aneurysm.

Long-term outcomes

The median follow-up time for the entire cohort was 7.5 (4.6, 12) years (range: 0.2-33.6 

years) with a total of 1613 patient-years. In the pathogenic group, the median follow-up 

time was 9.5 (5.1, 19.8) years (range: 0.9-33.6 years) while the median follow-up time for 

the benign/normal group was 7.2 (4.5, 11.6) years (range: 0.2-29.7 years). In the survival 

analysis (study end, January 2018), 100% of patients had follow-up.

Late reinterventions

Overall, 68 (39%) patients required a late aortic reintervention following TAAD (n=45) 

repair and TBAD (n=23). The pathogenic group was significantly more likely to require 

more reinterventions per patient (1 [0,2] vs. 0 [0,1]), including one reintervention (71% vs. 

32%) as well as multiple reinterventions (42% vs. 10%) compared to the benign/normal 

group. The pathogenic group required the first late aortic reintervention a median of 6.5 (2.0, 

10.3) years following the initial aortic dissection while the benign/normal group required 

the first late aortic reintervention a median of 2.1 (0.5, 7.7) years following the initial aortic 

dissection (Table 3).

The incidence rate of aortic root reintervention for native root aneurysm was increased 

10-fold in the pathogenic group compared to the benign/normal group (12%/year vs. 1.2%/

year, p=0.0001) (Table 4). On the contrary, the incidence rate of reintervention of the aortic 

arch, descending thoracic aorta, and abdominal aorta for native aortic aneurysm was not 

significantly different between groups (Table 4).

After initial aortic dissection, the mean cumulative reinterventions for each patient 

(including all aortic reinterventions) in the pathogenic group was significantly higher than 

the reintervention rate in the benign/normal group. (Figure 1A) At 10 years, the pathogenic 

group had an average of one reintervention/patient of any aortic reintervention, compared 
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to 0.5 reintervention/patient in the benign/normal variant group. The cumulative incidence 

of first aortic root reintervention for aortic root aneurysm was significantly greater in 

the pathogenic group than the benign/normal variant group (9-years: 70% (11%, 94%) 

vs. 6% (2%, 14%), p<0.0001), but not for the aortic arch, descending thoracic aorta, or 

abdominal aorta (Figure 1 B-E). Multivariable Cox model analysis also confirmed that 

being a pathogenic variant carrier was a significant risk factor for reoperation of the native 

aortic root after the initial event of a thoracic aortic dissection (HR=13 [95% CI: 3.4, 

51], p=0.0002), but not for reoperation of the native arch, descending thoracic aorta, or 

abdominal aorta. (Table 5) Hypertension was a significant risk factor for reoperation of the 

native arch (HR=5.8). (Table 5)

Survival

The 10-year survival was similar between the pathogenic (92% [95% CI: 71%, 98%]) 

and benign/normal groups (85% [95% CI: 75%, 91%], p=0.28) (Figure 2). Significant risk 

factors for late mortality after the initial aortic dissection were female sex (HR=3.4, 95% 

CI: [1.4, 8.3], p=0.008) and age at time of aortic dissection (HR=1.1, [95% CI: 1.0, 1.1], 

p<0.0001); while pathogenic variant carrier status was not a significant risk factor for late 

mortality, although the hazard ratio was 1.8 [95% CI: 0.4, 7.0]. (Table 5)

Matched Cohort

The short- and long-term outcomes in the matched cohort (n=62) were consistent with the 

results of the entire cohort described above (Supplemental Tables 2-5, Supplemental Figures 

1-3).

DISCUSSION

In this study, patients with a history of thoracic aortic dissection were grouped based on 

pathogenic variant carrier status identified from whole exome sequencing. With a clearly 

identified genotype in patients, pathogenic variants versus benign/normal variants, we found 

that the pathogenic group had significantly more reinterventions for aortic aneurysms of 

the native aorta after an initial aortic dissection compared to the benign/normal group. 

Specifically, the incidence rate of reinterventions (12%/year vs. 1.2%/year) and cumulative 

incidence of reinterventions for late native aortic root aneurysm was significantly higher in 

the pathogenic group than the benign/normal group with a HR of 13 in the Cox model; 

however, the incidence rates and cumulative incidence of late reinterventions of the native 

aortic arch, descending thoracic aorta, and abdominal aorta were not significantly different 

between groups. (Figure 3, Video)

It is always a question of how much surgeons should do with the dissected aortic root and 

arch during the initial TAAD repair - when should a total aortic root or total aortic arch 

replacement be performed to save the patient’s life and also prevent future reinterventions. 

This question is even more challenging for those patients with known genetic mutations, 

such as FBN1 mutations in MFS, TGFBR1 or 2 mutations in LDS, and PRKG1 mutations 

as well as others. The majority of studies regarding late outcomes of the dissected aorta 

have been performed in MFS patients,7-9 which is more common than other connective 
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tissue diseases, as seen in this study, in which 71% of pathogenic variants were in 

FBN1. Most surgeons agree that patients with connective tissue disease, such as Marfan, 

Loeys-Dietz, and Ehlers-Danlos syndromes (COL3A1 mutations), and ELN mutations, 

should have their aortic root replaced during an acute TAAD repair.7,10 However, the 

extent of arch replacement in patients with known pathogenic variants during an acute 

TAAD repair remains controversial. Some recommend conservative arch replacement if no 

other indications exist for total arch replacement,11 while others recommend a total arch 

replacement for all Marfan syndrome patients based on the diagnosis of MFS alone.12

In this study, there were 11 pathogenic and 111 benign/normal variant carriers with a 

native aortic root after the initial aortic dissection and surgical repair. Overall, the incidence 

rate of reinterventions was 10 times greater (12%/year vs. 1.2%/year) in the pathogenic 

group than the benign/normal group. (Table 4) In the pathogenic group (n=31), five patients 

had an aortic root replacement before they had a TBAD and 15 patients had an aortic 

root replacement during the acute TAAD repair, most likely for an existing aortic root 

aneurysm. By the end of the study period, all patients with a TAAD and pathogenic variant 

had undergone an aortic root replacement within 12 years except one patient. This patient 

had a COL3A1 mutation and was alive 8.2 years after the initial acute type A aortic 

dissection repair. If we just focused on the reinterventions in TAAD patients after initial 

TAAD repair, 83% (5/6) TAAD patients at risk had reintervention of the aortic root in the 

pathogenic group compared to only 12% (7/57) in the benign/normal group within 14 years. 

The cumulative incidence of first reintervention of the aortic root was also significantly 

higher in the pathogenic group (Figure 1B). Similarly, the mean cumulative reinterventions 

for each patient (including all reinterventions) was significantly higher in the pathogenic 

group, especially in the first 10 years (Figure 1A). The analysis of the matched cohort had 

similar findings (Supplemental Material). Our findings supported the recommendation for 

aggressive total aortic root replacement in patients with pathogenic variants during acute 

TAAD repair including: FBN1, TGFBR1/2, SMAD3, PRKG1, COL3A1, and LOX.

It is interesting that patients with the mutations noted above and other mutations in the 

TGF-β pathways (such as TGFB2, TGFB3, SMAD2, SMAD3 SMAD4) frequently develop 

aortic root aneurysm first.13-17 In our lab and Harry Dietz’s lab, we both found the defective 

differentiation of the smooth muscle cells from the second heart field due to SMAD3 
mutation in a human induced pluripotent stem cell model and Tgfbr1 mutation in mouse 

model.14,18 This evidence also supports aggressive aortic root replacement in patients with 

pathogenic variants during acute TAAD repair. If possible, a valve-sparing aortic root 

replacement should be considered.

A practical question is that during the presentation of acute aortic dissection, frequently 

we do not know if patients have a pathogenic genetic variant, nor do we wait for the 

results of gene sequencing to perform an emergent operation; therefore, how does this 

study help surgeons make a decision regarding the aortic root? From our previous study5, 

we found that if patients have a positive family history of thoracic aortic disease (aortic 

aneurysm or dissection), are younger than 50-years-old, and have no history of smoking 

or hypertension, then they have a very high risk of carrying a pathogenic genetic variant. 

Therefore, we would recommend aggressive aortic root replacement at time of acute type A 
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aortic dissection repair in patients with a family history of aortic disease, younger than 50 

years, and no history of smoking or hypertension. This information can be obtained before 

surgery in most patients with aortic dissection. If the patients already carry a diagnosis 

of MFS and LDS or are suspected to have those syndromic diseases based on clinical 

presentation, we strongly recommend aggressive aortic root replacement. If possible, a 

valve-sparing aortic root replacement is a good choice for those young patients.

On the contrary, our findings did not support aggressive arch replacement in patients with 

pathogenic variants. The incidence rate and cumulative incidence of first reintervention for 

the native aortic arch in patients who had no arch replacement or hemiarch replacement 

was similar between groups (Table 4, Figure 1C). The incidence rate and cumulative 

incidence of first reintervention for the descending thoracic and abdominal aorta were also 

similar between groups, even with 20-year follow-up (Figures 1 D-E). The multivariable 

Cox model also showed being a pathogenic variant carrier was not a significant risk 

factor for reoperation of the native aortic arch, descending thoracic, or abdominal aorta 

(Table 5). When considering all reinterventions of all aortic segments, we observed more 

reinterventions over time in the pathogenic group. Noticeably, the pathogenic group had 

more root reinterventions in the first 10 years compared to the benign/normal group. After 

10 years, the difference in mean cumulative reinterventions for each patient between groups 

became smaller. (Figure 1A) These findings do not support a total arch replacement in all 

patients with a pathogenic variant without other indications. In our practice, we perform an 

aggressive arch replacement during acute TAAD repair if the patient has an intimal tear at 

the arch, arch aneurysm (>4 cm) that cannot be resected by a hemiarch replacement, or an 

arch branch vessel dissection with malperfusion syndrome.11 We do not use a pathogenic 

variant diagnosis alone as an indication for aggressive arch replacement. Moreover, we also 

reported that MFS is not an independent risk factor for reintervention of the distal aorta after 

acute TAAD repair11, which is consistent with the findings reported in this study.

The imaging studies in our matched cohorts, mainly CTA, showed significant growth of the 

aortic arch, descending thoracic aorta, and abdominal aorta after initial aortic dissection, 

which is consistent with previous findings7-9, indicating aortic dissection alone is a risk 

factor of distal aortic growth. There were no significant differences of distal aortic growth 

between groups (Supplemental Figure 1). This finding is consistent with the similar 

reintervention rate for the distal aorta (arch, descending thoracic, and abdominal aorta) 

between groups, which further supports that aortic dissection alone is a more important 

factor for late distal aortic growth than a pathogenic variant. Therefore, pathogenic variant 

status alone should not be used as an indication for aggressive arch replacement. Because of 

significant growth and reinterventions of the distal aorta in the entire cohort, we recommend 

regular surveillance with imaging studies for all patients with a history of thoracic aortic 

dissection. The frequency of imaging studies could be similar in patients with and without 

pathogenic variants and adjusted to the growth rate of the dissected aorta for each individual 

patient.

The long-term survival was surprisingly good in the pathogenic group and not significantly 

different than the benign/normal group. With a median follow-up time of 9.5 years, the 

10-year survival in the pathogenic group remained 92% (Figure 2), which is likely due to 
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young age at time of dissection (median age: 43 years) and otherwise healthy. These results 

support that we should aggressively treat the aortic disease in patients with pathogenic 

variants. The hazard ratio of pathogenic variants was 1.8 in the Cox proportional hazard 

model, though not significant, most likely due to the small sample size of the pathogenic 

group. This finding indicated that pathogenic variants could be a potential risk factor for late 

mortality.

There are several limitations in our study. It is a strength that we divided the groups based 

on whole exome sequencing data and the identified genotype of each patient; and the 

controls (benign/normal group) were without any known pathogenic variants3. However, 

the sample size for the pathogenic group was relatively small and could be insufficient 

to detect significant differences between groups. The pathogenic variants were identified 

mainly (71%) in FBN1 (Marfan syndrome). This reflects our practice that the most common 

connective disease with aortic dissection is MFS with FBN1 mutations. The finding of this 

study may be more applicable to patients with MFS. Finally, this study was retrospective and 

has all of the limitations of a retrospective study design. The rate of reinterventions could 

have been underestimated as our follow-up for reintervention was not 100% complete by 

January 2018.

CONCLUSION

Pathogenic variant carriers had a significantly higher rate of later reintervention of the 

preserved native aortic root compared to the benign/normal variant carriers. However, the 

reintervention rate of the distal aorta, including the aortic arch, descending thoracic aorta, 

and abdominal aorta were not significantly different between groups. Our findings support 

aggressive aortic root replacement but similar management of the aortic arch at time of type 

A aortic dissection repair for pathogenic variant carriers compared to benign/normal variant 

carriers.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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GLOSSARY OF ABBREVIATIONS

CI confidence interval

CT computed tomography

HR hazard ratio
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LDS Loeys-Dietz syndrome

MFS Marfan syndrome

MRA magnetic resonance angiography

TAAD type A aortic dissection

TBAD type B aortic dissection

TEVAR thoracic endovascular aortic repair

VUS variant of unknown significance
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Central Message:

More aggressive aortic root replacement and similar arch management should be 

considered at time of initial type A aortic dissection repair in pathogenic compared to 

benign/normal variant carriers.
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Perspective Statement:

The incidence rate and cumulative incidence of native aortic root reintervention was 

increased significantly in pathogenic variant carriers compared to benign/normal variant 

carriers, but not of aortic arch and distal aorta reintervention, suggesting aggressive root 

management but similar arch management in pathogenic variant carriers at the time of the 

initial type A aortic dissection repair.
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Figure 1. 
A) The mean cumulative reinterventions per patient after thoracic aortic dissection was 

significantly higher in the pathogenic group than the benign/normal group. All aortic 

reinterventions were used to calculate the mean cumulative incidence. The cumulative 

incidence (CI) of first aortic root reintervention (B) was significantly higher in the 

pathogenic group (9-year CI: 70% vs. 6%). However, the cumulative incidence of first 

aortic arch reintervention (C), first descending thoracic aorta reintervention (D), and first 

abdominal aortic reintervention (E) were not significantly different between groups. Death 

was used as a competing factor.
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Figure 2. 
Kaplan-Meier survival analysis for pathogenic and benign/normal variants carriers following 

a thoracic aortic dissection. The 10-year survival was similar between pathogenic (92% 

[95% CI: 71%, 98%]) and benign/normal groups 85% [95% CI: 75%, 91%].
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Figure 3. 
A summary of the key findings and their implications: Compared to the patients with benign 

and normal genetic variants, patients with pathogenic variants had a significantly higher rate 

of reinterventions only of the native aortic root after initial thoracic aortic dissection.
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Central Picture: 
The cumulative incidence of native aortic root reintervention after aortic dissection.
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VIDEO: 
Discussion of the late outcomes (reintervention and survival) in aortic dissection patients 

with pathogenic genetic variants and its clinical implications.

Norton et al. Page 18

J Thorac Cardiovasc Surg. Author manuscript; available in PMC 2022 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Norton et al. Page 19

Table 1.

Demographics

Total
(n=175)

Pathogenic
(n=31)

Benign/Normal
(n=144)

p-value

Age at dissection (years) 55 (46, 65) 43 (30, 51) 56 (47, 66) <0.0001

Sex, male 112 (64) 14 (45) 98 (68) 0.02

Body mass index (kg/m2) 29 (25, 33) 27 (24, 30) 29 (25, 34) 0.09

Hypertension 109 (62) 8 (26) 101 (70) <0.0001

Dyslipidemia 50 (29) 3 (10) 47 (33) 0.01

Coronary artery disease 16 (9) 2 (7) 14 (10) 0.74

Smoking history 79 (45) 10 (32) 69 (48) 0.11

COPD 9 (5) 0 (0) 9 (6) 0.36

Diabetes 6 (3) 0 (0) 6 (4) 0.59

History of stroke 2 (1) 0 (0) 2 (1) 1.00

Chronic kidney disease 6 (3) 0 (0) 6 (4) 0.59

Peripheral arterial disease 2 (1) 0 (0) 2 (1) 1.00

Prior cardiac surgery 16 (9) 6 (19) 10 (7) 0.04

 Root replacement 8 (5) 5 (16) 3 (2) 0.005

Aortic aneurysm

 Root 61 (35) 17 (55) 44 (31) 0.01

 Ascending 78 (45) 14 (45) 64 (44) 0.94

 Arch 32 (18) 4 (13) 28 (19) 0.39

 Descending 54 (31) 7 (23) 47 (33) 0.27

Aortic dissection

 Type A 108 (62) 21 (68) 87 (60) 0.45

 Type B 67 (38) 10 (32) 57 (40) 0.45

Condition at time of dissection

 Acute stroke 4 (2) 2 (7) 2 (1) 0.15

 Acute myocardia infarction 2 (1) 1 (3) 1 (1) 0.32

 Acute renal failure 6 (3) 1 (3) 5 (4) 1.00

 Acute paralysis 0 (0) 0 (0) 0 (0) -

Medications at time of dissection

 Beta blocker 46 (26) 6 (19) 40 (28) 0.33

 ACE inhibitor 23 (13) 3 (10) 20 (14) 0.77

 Calcium channel blocker 15 (9) 0 (0) 15 (10) 0.08

 Angiotensin II receptor blocker 6 (3) 0 (0) 6 (4) 0.59

Data presented as median (25%, 75%) for continuous data and n (%) for categorical data.

ACE = angiotensin converting enzyme; COPD=chronic obstructive pulmonary disease
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Table 2.

Extent of Aortic Replacement at Time of Aortic Dissection

Total
(n=175)

Pathogenic
(n=31)

Benign/Normal
(n=144)

p-value

Type A (n=108) 108 21 87

 Root 0.002

  Root preservation 63 (58) 6 (29) 57 (65)

  Root replacement 45 (42) 15 (71) 30 (35)

 Ascending replacement 106 (98) 21 (100) 85 (98) 1.00

 Arch replacement 0.12

  None/Hemiarch 78 (72) 18 (86) 60 (69)

  Zone 1/2/3 30 (28) 3 (14) 27 (31)

 Frozen elephant trunk 5 (5) 1 (5) 4 (5) 1.00

 Institution of procedures* 0.006

  Michigan Medicine 72 (68) 9 (43) 63 (74)

  Outside hospital 34 (32) 12 (57) 22 (26)

Type B (n=67) 67 10 57

 Proximal descending replacement 3 (5) 1 (10) 2 (4) 0.39

 TEVAR 10 (15) 1 (10) 9 (16) 1.00

Data presented as median (25%, 75%) for continuous data and n (%) for categorical data.

TEVAR = thoracic endovascular aortic repair.

*:
Two patients were medically managed were not included.
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Table 3.

Late Reinterventions for Aortic Expansion After Aortic Event

Total
(n=175)

Pathogenic
(n=31)

Benign/Normal
(n=144)

p-value

Reinterventions per patient * 0 (0, 1) 1 (0, 2) 0 (0, 1) <0.0001

One Reintervention (n (%)) 68 (39) 22 (71) 46 (32) 0.0001

Two Reinterventions (n (%)) 28 (16) 13 (42) 15 (10) 0.0001

Three Reinterventions (n (%)) 5 (3) 4 (13) 1 (1) 0.004

*:
Reinterventions per patient was expressed as median (25% percentile, 75% percentile)
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Table 4.

Late Reinterventions for Aortic Expansion of Different Aortic Segments After Initial Aortic Dissection

Pathogenic Benign/Normal

At Risk
# (total pt years)

Reintervention Rate
# (%/year)

At Risk
# (total pt years)

Reintervention Rate
# (%/year)

p-value

Root 11 (59) 7 (12) 111 (847) 10 (1.2) 0.0001

Arch 28 (334) 7 (2.1) 115 (905) 6 (0.66) 0.07

Descending 31 (302) 16 (5.3) 144 (982) 36 (3.7) 0.29

Abdominal 31 (357) 3 (0.8) 144 (1185) 6 (0.5) 0.75

* :
The reintervention rate was calculated by using only first reintervention for each segment of the aorta for each patient. Root reintervention 

includes sternotomy aortic root replacement. Arch reintervention includes sternotomy arch replacement. Descending reintervention includes open 
thoracotomy or thoracoabdominal incision and TEVAR for thoracic or thoracoabdominal aneurysm repair. Abdominal reintervention includes 
isolated abdominal aortic aneurysm repair.
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Table 5.

Risk factors for reoperation across all segments of the aorta and late mortality (multivariable Cox proportional 

hazard regression)

HR (95% CI) p-value

Root reoperation (among native root patients)

 Pathogenic 13.1 (3.4, 51.1) 0.0002

 Age 1.0 (1.0, 1.1) 0.62

 Type A dissection 1.3 (0.4, 4.2) 0.62

 Hypertension 0.5 (0.2, 1.7) 0.28

Arch reoperation (among native arch patients)

 Pathogenic 3.8 (0.7, 21.3) 0.13

 Age 1.0 (0.9, 1.0) 0.64

 Type A dissection 6.1 (0.7, 51.7) 0.10

 Hypertension 5.8 (1.5, 22.7) 0.01

Descending reoperation (stratified by type A)

 Pathogenic 1.7 (0.8, 3.8) 0.17

 Age 1.01 (0.98, 1.03) 0.66

 Aggressive arch replacement 1.3 (0.6, 3.0) 0.55

 Hypertension 1.4 (0.7, 2.7) 0.38

Abdominal reoperation (stratified by arch procedure)

 Pathogenic 0.8 (0.1, 9.4) 0.85

 Age 1.0 (0.9, 1.1) 0.92

 Type A dissection 1.0 (0.2, 4.8) 0.97

 Hypertension 1.6 (0.2, 10.4) 0.64

Late mortality

 Pathogenic 1.8 (0.4, 7.0) 0.42

 Female sex 3.4 (1.4, 8.3) 0.008

 Age 1.1 (1.0, 1.1) <0.0001

 Hypertension 1.3 (0.5, 3.5) 0.65

 Type A dissection 1.4 (0.5, 3.8) 0.46

CI=confidence interval; HR=hazard ratio
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