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ABSTRACT

Objective: To review short-term outcomes and long-term survival and durability
after open surgical repairs for chronic distal aortic dissections in patients whose
anatomy was amenable to thoracic endovascular aortic repair (TEVAR).

Methods: Between February 1991 and August 2017, we repaired chronic distal
dissections in 697 patients. Of those patients, we enrolled 427 with anatomy
amenable to TEVAR, which included 314 descending thoracic aortic aneurysms
(DTAAs) and 105 extent I thoracoabdominal aortic aneurysms (TAAAs). One
hundred eighty-five patients (44%) had a history of type A dissection, and 33
(7.9%) had a previous DTAA/TAAA repair. Variables were assessed with logistic
regression for 30-day mortality and Cox regression for long-term mortality. Time-
to-event analysis was performed using Kaplan-Meier methods.

Results: Thirty-day mortality was 8.4% (n ¼ 36). In all, 22 patients (5.2%)
developed motor deficit (paraplegia/paraparesis), and 17 (4.0%) experienced
stroke. Multivariable analysis identified low estimated glomerular filtration rate
(eGFR; <60 mL/min/1.73 m2), previous DTAA/TAAA repair, and chronic
obstructive pulmonary disease (COPD) as associated with 30-day mortality. Pa-
tients without all 3 risk factors had a 30-day mortality rate of 2.6%. During a me-
dian follow-up of 6.5 years, 160 patients died. The survival rate was 81% at 1 year
and 61% at 10 years. Cox regression analysis identified preoperative aortic
rupture, eGFR <60 mL/min/1.73 m2, previous DTAA/TAAA repair, COPD,
and age >60 years as predictive of long-term mortality. Forty-five patients
required subsequent aortic procedures, including 8 reinterventions to the treated
segment. Freedom from any aortic procedures was 85% at 10 years, and aortic
procedure-free survival was 45% at 10 years. Hereditary aortic disease was the
sole predictor for any aortic interventions (hazard ratio, 3.2; P ¼ .004).

Conclusions: Open surgical repair provided satisfactory low neurologic compli-
cation rates and durable repairs in chronic distal aortic dissection. Patients without
low eGFR, redo, and COPD are the low-risk surgical candidates and may benefit
from open surgical repair at centers with similar experience to ours. Patients with
hereditary aortic disease warrant close surveillance. (J Thorac Cardiovasc Surg
2021;161:36-43)
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Central Message

Open surgery provides satisfactory outcomes,

with excellent durability in chronic distal

dissection. It should be considered a mainstay

of treatment, especially in patients without

renal or lung disease and redo.
Perspective

Until the long-term durability of endovascular

repair for chronic distal dissection is proven,

open surgery may benefit low-risk surgical can-

didates at centers with similar experience to

ours.
See Commentaries on pages 44 and
46.
Chronic distal aortic dissections have historically been
treated by open surgical repairs, but a recent study among
the Medicare population demonstrated a steady increase
in the application of thoracic endovascular aortic repair
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Abbreviations and Acronyms
COPD ¼ chronic obstructive pulmonary disease
CSF ¼ cerebrospinal fluid
DTAA ¼ descending thoracic aortic aneurysm
eGFR ¼ estimated glomerular filtration rate
TAAA ¼ thoracoabdominal aortic aneurysm
TEVAR ¼ thoracic endovascular aortic repair
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(TEVAR).1 Comparisons between open surgical repairs and
TEVAR for chronic distal aortic dissections have not been
well investigated, and there is a paucity of data on either
of these treatment methods.2 There are currently fewer
than 10 studies on both open surgical repair and TEVAR
for chronic distal aortic dissections with more than 50 pa-
tients enrolled.3-16 In recent years, an increasing number
of studies on TEVAR for chronic distal aortic dissection
have been published, and studies on open surgical repairs
have been reporting ‘‘superior freedom from
reintervention.’’ However, follow-up data are scanty for
both treatment methods; most TEVAR follow-up series
have a 2- to 3-year follow-up, and most open repair series
also have a limited follow-up of 2 to 4 years.3-16 The
purpose of the present study was to evaluate
contemporary short-term outcomes, long-term survival,
and durability after open surgical repair for chronic distal
aortic dissections, focusing on patients who were anatomi-
cally amenable to endovascular aortic repair.
PATIENTS AND METHODS
The Committee for Protection of Human Subjects, the local Institutional

Review Board, approved this study. Between February 1, 1991, and August

31, 2017, we repaired 2033 distal aortic (descending thoracic/thoracoabdo-

minal) aneurysms, including 697 chronic dissections. In this article, we use

the term ‘‘distal aortic dissection’’ instead of ‘‘type B dissection,’’ because

we included patients with both de novo Stanford type B aortic dissection

and residual dissection in the descending thoracic aorta after Stanford

type A aortic dissection repair. Of 697 open chronic distal aortic dissection

repairs, our prospective database captured 427 patients who would have

been anatomically amenable to TEVAR to the present study. This included

descending thoracic aortic repair of any extents and extent I thoracoabdo-

minal aortic repairs. Aortic diameter exceeding 40 mm at the proximal de-

scending or at the level of visceral arteries were excluded. Patients who

required circulatory arrest for proximal anastomosis were also excluded,

because it implies proximal extension of the disease to the aortic arch,

which would require nonstandard endovascular techniques for repair.

Extent I thoracoabdominal aortic aneurysm (TAAA) is included in the

study, because celiac artery coverage is now more commonly indicated

for distal chronic dissections (Figure E1). Indications for surgical interven-

tions included aortic diameter>50 mm, rapid growth of the aorta (>5 mm/

year), and fistulization (bronchial or esophageal). Patient perioperative de-

mographics and follow-up data were collected from record reviews by a

trained nurse and physician evaluators and were entered in a dedicated

department database. Analyses were retrospective. Patient follow-up was

obtained by direct patient contact in clinic, telephone interview, or the Na-

tional Death Index. The last date of follow-up was the last clinic visit, last

imaging date, or last day of phone interview. Patients were asked about
The Journal of Thoracic and C
outside clinic visits, recent imaging, delayed complications, and secondary

procedures. Data were managed under Health Insurance Portability and

Accountability Act confidentiality guidelines in a database with encrypted

patient identifiers.

Motor deficits included both paraplegia and paraparesis derived from

the spinal cord ischemia. Any paraplegia/paraparesis observed on awak-

ening from anesthesia was reported as immediate; any that developed after-

ward (minutes, hours, or days) was reported as delayed. The estimated

glomerular filtration rate (eGFR) was calculated by the Cockcroft-Gault

method.

Surgical Technique
Our operative technique for open surgical repair of the descending and

thoracoabdominal aortic pathologies have been reported previously.17 Over

this 27-year study period, we used the same adjunctive spinal cord protec-

tion techniques: distal aortic perfusion, cerebral spinal fluid drainage (CSF)

drainage, and moderate hypothermia (Video 1). We used the technique for

all elective cases; CSF drainage was not used for cases concerning for in-

fectious etiology.

After induction of general anesthesia, the patient is intubated with a

double-lumen endotracheal tube and placed in the right lateral decubitus

position. A CSF catheter is placed to maintain the CSF pressure below

10 mm Hg throughout the perioperative period. Somatosensory potentials,

motor-evoked potentials, and electroencephalography are monitored.

Transcranial Doppler was also used in the early era, but this was switched

to regional oxygen saturation in the later era. After exposure of the de-

scending thoracic/thoracoabdominal aorta, sodium heparin is given, and

the left heart bypass is established with left inferior pulmonary vein

drainage and arterial return via the left femoral artery. Distal aortic perfu-

sion begins as the cross-clamp is applied and mean arterial pressure is

maintained to approximately 60 to 80 mmHg. Core temperature is targeted

at 33�C (permissive mild hypothermia). Graft replacement is performed

under sequential clamping. Patent lower intercostal arteries (ie, T8 to

T12) are reimplanted under neuromonitoring guidance while upper inter-

costal arteries are ligated.18 The dissection flap extending beyond the distal

anastomosis is fenestrated to allow blood flow in both the true and false lu-

mens. For TAAA, the retroperitoneal space is entered, and the muscular

portion of the diaphragm is cut to expose the aorta. The celiac axis and su-

perior mesenteric artery are perfused with tepid blood, and the kidneys are

cooled with the crystalloid solution. The celiac axis and superior mesen-

teric artery are reattached to the Dacron graft as an island patch or incorpo-

rated in the beveled distal aortic anastomosis. In cases of hereditary aortic

disease or a widely separated celiac axis and superior mesenteric artery, a

Carrel button patch is created for each branch and reconstructed individu-

ally to the side arm of the graft. After completion of the proximal and distal

anastomosis, the patient is warmed. The cannulae are then removed, and

protamine is administered.
Postoperative Management
CSF is drained to maintain a pressure<10 mm Hg, with a maximum

drainage rate of 15 mL/h if the neurologic status is intact. The CSF drain

is clamped on the second postoperative day and removed the next day.

The blood pressure goal in the early era was a mean blood pressure

>60 mm Hg and systolic blood pressure>130 mm Hg in the late era of

the study.19 If paraplegia or paraparesis is observed, we immediately

initiate the modified COPS protocol (CSF drain status, oxygen delivery, pa-

tient status). At this point, we drain the CSF without a limit to achieve CSF

pressure<5 mm Hg, transfuse blood to maintain hemoglobin at>10 g/dL,

and add catecholamine to maintain the cardiac index at>2.5 L/min/m2 and

mean blood pressure>80 mm Hg (or systolic blood pressure>140 mm

Hg). We may continue the modified COPS protocol until the seventh post-

operative day. If the origin of the motor deficits—spinal cord or brain,

such as monoplegia—was unclear, we obtain computed tomography scans
ardiovascular Surgery c Volume 161, Number 1 37



TABLE 1. Preoperative and intraoperative patient demographic data

(N ¼ 427)

Characteristic Value

Preoperative demographics

Age, y, mean (IQR) 61 (52-70)

Age>60 y, n (%) 229 (53.6)

Female sex, n (%) 116 (27.2)

Hypertension, n (%) 385 (90.2)

Diabetes mellitus (N ¼ 425), n (%) 48 (11.3)

COPD, n (%) 94 (22.0)

Peripheral vascular disease, n (%) 49 (11.5)

Coronary artery disease, n (%) 88 (20.6)

Cerebrovascular disease, n (%) 61 (14.3)

Chronic kidney disease staging (N ¼ 423), n (%)

Stage 1 (eGFR �90 mL/min/1.73 m2) 186 (43.6)

Stage 2 (eGFR 60-89 mL/min/1.73 m2) 114 (27.0)

Stage 3a (eGFR 45-59 mL/min/1.73 m2) 60 (14.2)

Stage 3b (eGFR 30-44 mL/min/1.73 m2) 31 (7.3)

Stage 4 (eGFR 15-30 mL/min/1.73 m2) 17 (4.0)

Stage 5 (eGFR<15 mL/min/1.73 m2) 15 (3.5)

Hereditary aortic disease, n (%) 81 (19.0)

Previous aortic procedures, n (%)

Type A aortic dissection repair 185 (43.3)

Stage 1 elephant trunk 89 (20.8)

DTAA repair 20 (4.7)

AAA repair 27 (6.3)

TAAA repair 17 (4.0)

History of CABG/PCI, n (%) 9 (2.1)

Rupture, n (%) 20 (4.7)

Infection, n (%) 3 (0.7)

Intraoperative demographics

Extent of aneurysm repair, n (%)

DTAA-extent A 95 (22.2)

DTAA-extent B 8 (1.9)

DTAA-extent C 216 (50.6)

TAAA-extent I 108 (25.3)

Distal aortic perfusion with CSF drain, n (%) 367 (87.6)

Cells saved, unit (N ¼ 420), median (IQR) 21 (3-34)

Packed red blood cells, unit (N ¼ 426), median (IQR) 3 (2-6)

Fresh frozen plasma, unit (N ¼ 425), median (IQR) 4 (0-8)

Platelets, units (N ¼ 424), median (IQR) 6 (0-12)

Aortic clamp time, min (N ¼ 426), median (IQR) 36 (30-45)

Bypass time, min (N ¼ 416), median (IQR) 42 (32-54)

DHCA use, n (%) 18 (4.2)

Intercostal arteries, reattached, n (%) 145 (34.6)

Extent A indicates left subclavian artery to T6; extent B, T6 to T12; extent C, left sub-

clavian artery to T12. IQR, Interquartile range; COPD, chronic obstructive pulmo-

nary disease; eGFR, estimated glomerular filtration rate; DTAA, descending

thoracic aortic aneurysm;AAA, abdominal aortic aneurysm; TAAA, thoracoabdominal

aortic aneurysm;CABG, coronary artery bypass grafting;PCI, percutaneous coronary

intervention; CSF, cerebrospinal fluid; DHCA, deep hypothermic circulatory arrest.

VIDEO 1. A representative surgical repair of chronic type B aortic dissec-

tion. In this video, in addition to our routine repair techniques, distal first

technique and reversed elephant trunk technique are demonstrated. In addi-

tion, preparations for the intercostal artery reattachment is summarized:

creating an additional side branch to the Dacron graft, preserving the inter-

costal arteries using a Fogarty balloons, and assessing for spinal cord

ischemia with neuromonitoring. The patient is a 63-year-old male who

had type B aortic dissection 9 years ago, which required femoral-to-

femoral bypass for limb ischemia. He now presented with a 6-cm descend-

ing thoracic aortic aneurysm.We used a thoracoabdominal incision, cut the

costal margin, and entered the sixth intercostal space to approach the aorta.

After the exposing the aorta, we prepared the graft by creating an additional

side branch to the body and invaginating the proximal end for a reversed

elephant trunk. We usually cannulate the left femoral artery for the arterial

return of the left heart bypass; however, due to the presence of a femoro–

femoral bypass, we used the distal first technique in this case. We per-

formed distal anastomosis in end-to-end fashion with a 3-0 polypropylene

sutures after a fenestration of the distal dissection flap, to allow blood flow

to both the true and false lumens. We then established left heart bypass to

maintain distal aortic perfusion by draining blood from the left inferior pul-

monary vein and perfusing through the side branch of the graft. The prox-

imal descending aorta and the Dacron graft just proximal to the side arm

were clamped. We then longitudinally opened the false lumen of the de-

scending and excise the dissection flap. The patent intercostal arteries

from Th8 to Th12 were preserved with 3 Fr Fogarty balloons. The proximal

anastomosis was performed in end-to end fashion with 3-0 Prolene, and left

heart bypass was weaned off. Although in this case we did not reconstruct

intercostal artery, because motor-evoked and somatosensory-evoked po-

tentials remained intact throughout the case, our recent study demonstrated

that it is important to reattach Th8 to Th12 to prevent delayed paraplegia,

we now reconstruct the intercostal arteries regardless of the intraoperative

findings. The patient had an uneventful postoperative course and was dis-

charged home on postoperative day 9. Video available at: https://www.

jtcvs.org/article/S0022-5223(19)32094-X/fulltext.
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and/or magnetic resonance imaging of the brain and/or spinal magnetic

resonance imaging for diagnosis.

Follow-up Completeness
Follow-up was completed on February 8, 2019. The median duration of

follow-up was 6.5 years (interquartile range, 2.2-11.9 years). Of 382

patients who were discharged alive, 19 were international patients, 8 of

whom were lost to follow-up after discharge. Of the remaining domestic

patients, 160 patients died during follow-up. Of those surviving domestic

patients, 14 were lost to follow-up after discharge, all from the early

1990s. The 30-day follow-up rate was 100%; our rate, with at least
38 The Journal of Thoracic and Cardiovascular Surge
90 days of follow-up, was 94.2%. Approximately one-half of the patients

had a follow-up computed tomography scan available after discharge.

Statistical Methods
Continuous data are reported as mean� standard deviation for normally

distributed data or median plus interquartile range for skewed data.
ry c January 2021
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TABLE 2. Postoperative outcomes (N ¼ 427)

Outcome Value, n (%)

Tracheostomy, n (%) 33 (7.7)

Prolonged ventilation (>48 h), n (%) 148 (34.7)

Newly required dialysis, n (%) 36 (8.4)

Temporary 21 (4.9)

Dialysis on discharge 15 (3.5)

Re-exploration for bleeding, n (%) 12 (2.8)

Stroke, n (%) 17 (4.0)

TIA, n (%) 2 (0.5)

Motor deficit (paraplegia/paraparesis), n (%) 22 (5.2)

Immediate 5 (1.2)

Delayed 17 (4.0)

Present at discharge 11 (2.6)

Length of stay, d, median (IQR) 12 (9-18)

30-d mortality, n (%) 36 (8.4)

Follow-up, y, median (IQR) 6.5 (2.2-11.9)

Actuarial survival, %, mean � SD

At 5 y (N ¼ 188) 64.5 � 2.5

At 10 y (N ¼ 90) 45.2 � 3.0

Aortic reintervention, n (%) 53 (13.9)*

Treated segment 8 (2.1)*

Proximal segment 11y (2.9)*
Distal segment 34y (7.1)*

TIA, Transient ischemic attack; IQR, interquartile range; SD, standard deviation. *Per-

centage was calculated using 382 as a denominator (patients who were discharged

alive). yOne patient had both proximal and distal aortic reinterventions.

TABLE 4. Cox regression analysis of preoperative predictors for long-

term mortality

Variable HR (95% CI) P value

History of D/TAAA repair 3.3 (1.7-6.6) <.001

Age>60 y 2.3 (1.5-3.2) <.001

Preoperative aortic rupture 2.2 (1.1-4.2) .019

eGFR<60 mL/min/1.73 m2 1.9 (1.4-2.7) <.001

COPD 1.6 (1.1-2.3) .007

HR, Hazard ratio; CI, confidence interval; DTAA, descending thoracic aortic aneu-

rysm; TAAA, thoracoabdominal aortic aneurysm; eGFR, estimated glomerular filtra-

tion rate; COPD, chronic obstructive pulmonary disease.
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Categorical variables are expressed as number plus percentage. Compari-

sons between continuous variables were performed using the Student t

test for parametric data or the Wilcoxon rank-sum test for nonparametric

data. Categorical variables were compared using a the c2 or Fisher exact

test. For all analyses, 2-sided tests were used. Multivariable assessment

of 30-day mortality risk factors (Table E1) was conducted using multiple

logistic regression analysis. Multivariable risk factor assessments for

long-term survival (Table E2) were conducted by multiple proportional

hazards regression. Model selection for all multivariable analyses was

conducted by forward stepwise model selection followed by purposeful se-

lection. For the variable of renal function, an eGFR of 60 mL/min/1.73 m2

was chosen as a cutoff, because this represents chronic kidney dysfunction

stage 3 to 5. The age cutoff of 60 years was selected, because that median

age of our study population was 61 years and it also provided a larger effect

compared with a cutoff of 70 years. Dichotomized values for age and eGFR

were used in the multivariable analysis to provide information easier to be
TABLE 3. Multivariable analysis of preoperative predictors for 30-

day mortality

Variable OR (95% CI) P value

Low eGFR 4.1 (2.1-8.2) <.001

History of DTAA/TAAA repair 4.1 (1.7-10.2) .002

COPD 2.4 (1.2-4.8) .016

Low eGFR indicates eGFR<60 mL/min/1.73 m2. OR, Odds ratio; CI, confidence in-

terval; eGFR, estimated glomerular filtration rate; DTAA, descending thoracic aortic

aneurysm; TAAA, thoracoabdominal aortic aneurysm; COPD, chronic obstructive

pulmonary disease.

The Journal of Thoracic and C
interpreted. Model fit was assessed for logistic regression models using the

Hosmer-Lemeshow method and Akaike information criterion

minimization. For the Cox models, assumptions were tested using

time-varying covariate tests in SAS PROC PHREG. Separate long-term

probabilities of redo operation and progression of disease into previously

uninvolved aorta were estimated using univariable Kaplan-Meier analysis,

which is reported as freedom from reintervention and reintervention-free

survival (ie, death as a competing risk). All data were analyzed using

SAS version 9.4 (SAS Institute, Cary, NC).
RESULTS
Short-Term Outcomes
Preoperative and intraoperative data are summarized in

Table 1. Of 427 patients with chronic type B dissection,
185 (43%) had a history of type A aortic dissection, and
nearly one-half of these patients (n ¼ 89) had undergone
previous transverse aortic arch replacement. Thirty-seven
(8.7%) had undergone previous descending thoracic aortic
aneurysm (DTAA) or TAAA repair. Postoperative out-
comes are summarized in Table 2. Thirty-day mortality
was 8.4% (n ¼ 36). Twenty-two patients (5.2%; 5 with
immediate onset and 17 with delayed onset) developed
motor deficit (paraplegia/paraparesis), but 11 patients had
resolution with the COPS protocol, leaving 11 (2.6%)
symptomatic patients at the time of discharge. Although
we switched from transcranial Doppler to regional cerebral
oxygenation monitoring and the target pressure target from
the mean systolic blood pressure, the rates of motor deficit
and 30-day mortality were similar in the early (1991-2000)
and late (2001-2017) eras (motor deficit: 4.5% vs 5.4%,
P ¼ .720; mortality: 7.2% vs 8.9%, P ¼ .860). Multivari-
able analysis identified low eGFR (<60 mL/min/1.73 m2),
history of DTAA/TAAA repair, chronic obstructive
pulmonary disease (COPD) as preoperative predictors of
30-day mortality (Table 3). The 30-day mortality in patients
with eGFR �60 mL/min/1.73 m2, without COPD, and the
rate of nonredo (ie, low-risk patient) was 2.6%.
Long-Term Survival
The survival rate was 67.9% at 5 years, 53.1% at

10 years, and 41.5% at 15 years. Cox regression
analysis identified preoperative aortic rupture, low eGFR
ardiovascular Surgery c Volume 161, Number 1 39
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FIGURE 1. Kaplan-Meier curve demonstrating freedom from any aortic reintervention: 88% at 5 years and 85% at 10 years.
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(<60 mL/min/1.73 m2), history of DTAA/TAAA repair,
COPD, and age>60 years as preoperative predictors for
long-term mortality (Table 4, Figures E2-E6).

Long-Term Durability
Of 382 patients who were discharged alive, 53 (13.9%)

required subsequent aortic procedures, including 8 (2.1%)
with reinterventions to the treated segment (2 graft
infections, 2 intercostal artery patch aneurysms, 4
pseudoaneurysms), and 45 (11.8%) with aortic repairs,
due to progression of aneurysm (11 proximal and 34 distal).
Freedom from any aortic procedures was 88% at 5 years
and 85% at 10 years (Figure 1). Freedom from
reintervention to the treated segment was 98% at 5 years
and 97% at 10 years, and aortic reintervention–free survival
was 45% at 10 years. Aortic reintervention–free survival by
reintervention type, treated segment (ie, treatment failure)
versus proximal/distal segment (ie, progression of aortic
disease) is shown in Figure 2. Hereditary aortic disease
was the sole significant predictor for subsequent aortic
interventions (HR, 3.2; P ¼ .004).

DISCUSSION
Controversy in Treating Chronic Dissection With
Open Repair Versus TEVAR

With increased experience and favorable results in acute
distal aortic dissection, TEVAR has gained popularity for
chronic distal aortic dissection.1 An expert multidisciplinary
40 The Journal of Thoracic and Cardiovascular Surge
consensus panel also proposed the application of TEVAR to
the chronic distal dissection as the first-line therapy if
TEVAR is not contraindicated; however, this statement was
based on a relatively small series.2 Thus, in the present study,
we focused on outcomes after open surgery for chronic distal
dissections with anatomy amenable to TEVAR to provide
supporting data for the comparison of these 2 treatment
methods. We did not exclude hereditary aortic disease from
the cohort, because this patient population is a potential target
population for TEVAR in chronic distal dissection.20 In most
expert centers that perform TEVAR for chronic distal dissec-
tion repair with pavement of stent graft to the celiac axis, we
have included not only DTAA, but also extent I TAAA.
Short-Term Outcomes
Open surgical repair of acute aortic dissection is

known to carry high mortality, owing to the fragility of
the aortic tissue. TEVAR is the treatment of choice for
complicated acute type B aortic dissection. Deployment
of a stent graft at the entry tear re-expands the true
lumen, induces the false lumen thrombosis, and allows
reestablishment of the flow to the ischemic end-organ
with malperfusion.

This positive aortic remodeling process does not always
apply to chronic aortic dissection, however. The intimal
flap in the chronic phase is rigid and does not allow easy
expansion of the true lumen. Not all the aortic branches
take off from the true lumen, and thrombosis of the false
ry c January 2021
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channel may cause end-organ ischemia. Moreover, a sim-
ple ‘‘entry’’ closure does not result in false lumen
depressuring or thrombosis, because there is usually
more than 1 communication between the true and false
lumens (ie, multiple reentry tears). Recent reports have
demonstrated that nearly 70% of patients who underwent
TEVAR for chronic distal aortic dissection failed to
regress the aortic diameter.21,22 Patients with large aortic
diameter and fewer visceral branches off the true lumen
were negative predictors of false lumen thrombosis in
chronic distal dissections after TEVAR.23,24 In the chronic
phase, the aortic wall thickens and strengthens and
becomes amenable to holding sutures. Our results are
comparable to those reported in other relatively large
series of open surgical repairs; 30-day mortality was
9.8%, and the rate of permanent motor deficit was 2.6%.
Nonetheless, previous series demonstrated superior
30-day mortality with TEVAR compared with open
surgical repair (TEVAR, 0%-5%; open, 1%-10%3-16),
because TEVAR is less invasive. We found low eGFR,
redo, and COPD were the independent predictors of
mortality after open repairs for DTAA and extent I
TAAAwith chronic distal dissection. In contrast, patients
without these 3 factors are good candidates for open
repair, with a mortality of only 2.6%. Motor deficits and
stroke rates after repair are equivalent in the 2 treatment
The Journal of Thoracic and C
methods (permanent motor deficits: TEVAR, 0%-6%;
open, 0%-6%; stroke: TEVAR, 0%-8%; open,
1%-6%).3-16

Long-Term Survival
Our survival rate was 67.9% at 5 years. Previous studies

of open repair for chronic distal aortic dissection reported
rates ranging from 55% to 83%,8,10-13 equivalent to those
for TEVAR (57%-84%3-7). Studies with younger
populations in both open repair and TEVAR had higher
survival rates, as expected. The advantage of lower
mortality with TEVAR may be lost in the long-term.
However, it is unknown if patient selection affected the
outcomes as older age, low eGFR, COPD, redo, and rupture
identified as independent predictors of long-term in the
current study is often seen in the TEVAR population. A
registry to compare the 2 treatment arms may be warranted
to reach a conclusion.

Long-Term Durability
We found excellent durability of open surgical repair for

chronic distal aortic dissection. The treated segment
reintervention rate was 3% at 10 years, and the rate of
any aortic intervention was 15% at 10 years. These findings
are supported by other studies demonstrating superior
long-term durability with open surgery compared with
ardiovascular Surgery c Volume 161, Number 1 41
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TEVAR.3-16 The reintervention rate for treated segments is
0% to 8% in open surgery and 5% to 16% in TEVAR, and
the reintervention rate for any aortic segment is 0% to 13%
in open surgery and 5% to 35% in TEVAR. Our study has
the longest follow-up after open repair for chronic distal
aortic dissection reported in the English literature. Our
median follow-up was 6.5 years, compared with the 1.7 to
5.0 years in other large open repair series.10-16 Our data
also show a median time to the next aortic procedure of
2.4 years (interquartile range, 0.8-5.1 years). In
other words, our results truly demonstrate the
reintervention rate, whereas other reports may have
underestimated the reintervention rate, owing to a limited
follow-up period. This underestimation may also apply to
TEVAR, for which major studies have reported a median
follow-up ranging from 2.0 to 4.1 years (predominately
2 to 3 years).3-9 Nonetheless, there is little doubt
about the superior long-term durability of open surgical
repair compared with TEVAR in patients with chronic
dissection.

Of note, the incidence of hereditary aortic disease, the
predictor of reintervention in our study, was<10% in all
these TEVAR series,3-9 whereas that of most open surgery
series was>10% (range, 8% to 56%).10-16 Thus, further
study is required before encouraging the use of TEVAR in
patients with hereditary aortic disease.
Limitations
This study has several limitations. First, it is a

single-center, retrospective study, in which the patient
selection may have been biased. Second, owing to the
limited number of patients who underwent TEVAR at our
institution during the study period, we focused our analysis
on patients who underwent open repair instead of
performing a direct comparison. Third, this is an
institutional experience from a team dedicated to aortic
surgery, and thus our results might not be reflective of the
real world.
CONCLUSIONS
Open surgical repair provided satisfactory low neuro-

logic complication rates and durable repairs in chronic
distal aortic dissection. Patients without low eGFR, redo,
and COPD are the low-risk surgical candidates and may
benefit from open surgical repair at centers with similar
experience to ours. Patients with hereditary aortic disease
warrant close surveillance.
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Descending / Thoracoabdominal
Aortic Aneruysm

N = 2033

N = 697Chronic Dissection

Anatomically Amenable to TEVAR N = 427
Prior Type A Dissection (N = 185)
De Novo Type B Dissection (N = 242)

Exclusions:
 Proximal Descending Aorta >40 mm
 Thoracoabdominal Aorta >40 mm
 Circulatory Arrest for Proximal Anastomosis

Descending thoracic aortic aneurysm repair:
 Extent A (N = 95)
 Extent B (N = 8)
 Extent C (N = 216)
Thoracoabdominal aortic aneurysm repair:
 Extent I (N = 108)

FIGURE E1. Flow chart of patient selection for the study.
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FIGURE E2. Kaplan-Meier curve demonstrating survival after open surgical repair of chronic distal aortic dissection in patients with and without aortic

rupture.
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FIGURE E4. Kaplan-Meier curve demonstrating survival after open surgical repair of chronic distal aortic dissection in patients with and without prior

thoracoabdominal aortic aneurysm. TAAA, Thoracoabdominal aortic aneurysm.
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FIGURE E5. Kaplan-Meier curve demonstrating survival after open surgical repair of chronic distal aortic dissection in patients with and without chronic
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FIGURE E6. Kaplan-Meier curve demonstrating survival after open surgical repair of chronic distal aortic dissection in patients age �60 and<60 years.

TABLE E1. Variables considered in logistic regression analysis for 30-

day mortality

Age>60 y

Rupture

Redo

Previous thoracoabdominal aortic aneurysm repair

Prior abdominal aortic aneurysm repair

Estimated glomerular filtration rate<60 mL/min/1.73 m2

Chronic obstructive pulmonary disease
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TABLE E2. Variables considered in cox regression analysis for long-

term survival

Age>60 y

Rupture

Coronary artery disease

Cerebrovascular disease

Peripheral vascular disease

Diabetes mellitus

Estimated glomerular filtration rate<60 mL/min/1.73 m2

Hyperlipidemia

COPD

History of type A aortic dissection

Prior thoracoabdominal aortic aneurysm repair

Prior descending thoracic aortic aneurysm repair

Prior abdominal aortic aneurysm repair

Prior ascending aortic repair

Prior aortic arch repair

Redo

Prior aortic surgery

Female sex

Hereditary aortic disease

COPD, Chronic obstructive pulmonary disease.
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