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ABSTRACT

Objective: To evaluate the results of the open repair of ruptured thoracic and thor-
acoabdominal aortic aneurysms.

Methods: From January 1997, a total of 100 consecutive open repairs of
ruptured thoracic or thoracoabdominal aortic aneurysms were performed (43
thoracic and 57 thoracoabdominal). These patients were compared with contem-
porary cases that underwent repair of corresponding intact aneurysms. Propen-
sity matching analysis was used to neutralize the differences in baseline
characteristics.

Results: Patients with ruptured aneurysm had a significantly worse baseline
clinical profile. The surgical strategy adopted was similar in intact and
ruptured aneurysms, with the exception of lower use of spinal drainage, inter-
costal reimplantation, and associated procedures in those with rupture
(P <.001 for all comparisons). In the unmatched population, in-hospital mor-
tality was 14% in the rupture group, and 4.2% in the intact group (P = .01).
The incidence of postoperative myocardial infarction, need for tracheostomy,
and need for dialysis was 3%, 19%, and 11% in the rupture, and 0.8%,
5.7%, and 4.2% in the intact series (P < .01 for all variables). Five-year sur-
vival was 47.5% for the rupture, and 59.5% for the intact series (P <.001). In
the matched population, no differences in postoperative and long-term outcome
were found between the rupture and intact cases. Logistic regression analysis
showed that female gender, urgent/emergent operation, and preoperative hemo-
dialysis, but not ruptured aneurysm, were predictive of in-hospital major
adverse events.

Conclusions: Open repair of ruptured thoracic and thoracoabdominal aortic
aneurysms can be performed with a gratifying rate of success. For patients
with similar preoperative comorbidities, postoperative survival is not affected
by the presence of a ruptured aneurysm. (J Thorac Cardiovasc Surg
2015;150:814-23)

Ruptured thoracoabdominal aortic aneurysm.

Central Message

In 100 patients with ruptured thoracic or thora-
coabdominal aneurysms, operative mortality
was 14%, and 5-year survival was 47.5%.

Perspective

The optimal treatment for ruptured thoracic and
thoracoabdominal aortic aneurysms is still a
matter of debate. We report a series of 100
consecutive cases treated with open surgery
with a gratifying rate of recovery. For patients
with similar preoperative comorbidities, post-
operative survival was not affected by the pres-
ence of a ruptured aneurysm.

See Editorial page 767.

Descending thoracic aneurysm (DTA) and thoracoabdomi-
nal aortic aneurysm (TAAA) repair remain formidable surgi-
cal procedures. Although the perioperative mortality of
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elective aneurysm repair has declined substantially over
the past 2 decades,'” morbid postoperative complications
remain and often dissuade patients and referring physicians
from seeking a surgical consultation, even when large
aneurysms are present.

A less-invasive endovascular option, thoracic endo-
vascular aneurysm repair (TEVAR), has dramatically
increased the number of patients undergoing thoracic
aneurysm repair in the United States.”” TEVAR for
TAAA repair is evolving as well.® However, the elimi-
nation of a major thoracotomy has not dramatically
reduced the incidence of life-threatening events, such
as stroke, spinal cord injury (SCI), and renal failure,
even in low-risk patients. Endoleaks occur at an unset-
tlingly high rate, and the true incidence of fatal
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Abbreviations and Acronyms

CI = confidence interval

DTA = descending thoracic aneurysm
MAE = major adverse events

PSM = propensity-score matching
SCI = spinal cord injury

TAAA = thoracoabdominal aortic aneurysm
TEVAR = thoracic endovascular aneurysm repair

aneurysm rupture after TEVAR is unknown. Evidence is
accumulating that even in cohorts with similar comorbid
conditions, open repair may provide patients with supe-
rior long-term survival.

Despite ample evidence that large and/or expanding
thoracic aneurysms have a high incidence of rupture or
dissection,”” the number of reported thoracic aneurysm
ruptures has risen over the past decade.” Once a thoracic
aneurysm ruptures, the incidence of death and all major
postoperative complications increases dramatically, even
in high-volume centers.'”'® In a previous article, our
group reported a mortality of 18.5% in 41 patients who
had thoracic aneurysm rupture.'

As a tertiary-care aortic referral center, we continue to
care for a large volume of patients with both DTA and
TAAA. A substantial number of patients need care for acute
rupture. We sought to examine our contemporary experi-
ence with ruptured DTA and TAAA. In addition, we wished
to evaluate the role of the acute event in outcome, rather
than underlying patient comorbidities, by utilizing propen-
sity matching to compare patients with rupture to their elec-
tive counterparts.

METHODS

Patient Population, Definitions, and End-Points

This study was approved by the Weill Cornell Medical College review
board. The need for individual patient consent was waived.

Review of prospectively collected data from the Weill Cornell Medical
College Department of Cardiothoracic Surgery aortic surgery database
was conducted to identify all consecutive patients who underwent open
repair of ruptured TAAA or DTA from January 1997 to September
2014. Cases with traumatic aortic rupture were not included in the present
analysis.

Primary endpoints were operative and follow-up death from any cause.
Secondary endpoints were the incidence of major postoperative complica-
tions and a composite of major adverse events (MAE) after surgery (oper-
ative death and major postoperative complications). Classification of the
aneurysms was based on their anatomic extent, according to Crawford.’

Surgical Technique

Details of our surgical procedure have been previously published.'*
Briefly, a fifth, sixth, or seventh intercostal space thoracotomy or thora-
coabdominal incision was utilized. Partial resection of adjacent ribs was
performed as needed for additional exposure.

In patients with free rupture, or in those with isolated descending aortic
pathology, a clamp- and-sew technique was our primary strategy. In those

with TAAAs of extent I, III, or IV, a primary clamp-and-sew strategy was
utilized, and adjuncts such as cold renal perfusion or blood visceral perfu-
sion were added if the visceral and renal vessels were involved.'> In con-
tained, ruptured, extent-II aneurysms, and stable, contained, ruptured,
acute type B dissections, left heart bypass was preferred. Finally, when
proximal aortic control was unattainable, cardiopulmonary bypass and cir-
culatory arrest were utilized. Rapid reinfusion of shed blood was performed
utilizing a Belmont warm rapid infusion system (Belmont Instrument Cor-
poration, Billerica, Mass). When partial bypass, or the clamp-and-sew
technique, was utilized, core temperature was allowed to passively decline
to 33°C before the aorta was crossclamped.

Reimplantation of intercostal arteries was performed with the inlay-
inclusion technique. Visceral and renal arteries were either reimplanted
or bypassed, as dictated by the patient’s anatomy. Hemashield Dacron
grafts (Maquet Getinge Group, Oakland, NJ) were utilized. Preoperative
spinal drain insertion was performed in hemodynamically stable patients.
In unstable patients, spinal drain insertion was performed immediately af-
ter surgery, before transporting the patient to the intensive care unit. Drains
were maintained with an intrathecal pressure of <12 cm H,O, for 72 hours
after surgery. Mean arterial pressure was maintained at >85 mm Hg.

Statistical Analysis

Data were stored using Microsoft Access 2010 software (Microsoft,
Redmond, Washington) and analyzed using IBM SPSS Statistics, version
22 (SPSS, Inc, Chicago, Ill), R version 2.15.2 (R Foundation for Statisti-
cal Computing), IBM SPSS Statistics—Essentials for R 22.0 (Thoemmes,
Bristol, UK) and Matchlt package (freely available at http://gking.
harvard.edu/matchit). Data from the study population were compared us-
ing x* for categoric variables and Student’s f test for continuous vari-
ables. Backward stepwise logistic regression analysis was used to
assess for significant demographic and preoperative predictors of in-
hospital MAE.

Propensity-score matching (PSM) was used to adjust for baseline differ-
ences and reduce confounding according to a described method.”* Selected
variables for PSM were all the preoperative clinical variables that resulted
in significant differences between groups on univariate analysis, and the
extent and type of the aneurysm (DTA vs TAAA). Postoperative survival
was assessed using the Kaplan-Meier method. Groups were compared us-
ing log-rank analysis.

RESULTS
Patient Profiles

During the study period, 100 consecutive patients under-
went open repair of ruptured TAAA or DTA (57 TAAA; 43
DTA). The rupture was located in the DTA in most cases (90
of 100), and was contained in 41. Twenty-seven patients
were in shock at the time of presentation. The main preop-
erative features of the patients are summarized in Table 1.

The mean aortic diameter at the time of rupture was 7.1 &
2.0 cm. Aortic diameter was 8.1 £ 1.5 cm in patients with
chronic dissection, versus 7.0 & 2.0 cm in the rest of the
population (P = .04).

These data were compared to those of 575 consecutive
contemporary cases that underwent repair of intact TAAA
or DTA. The results of this comparison are shown in
Table 1. Patients in the group with rupture had a higher inci-
dence of smoking, chronic pulmonary disease, previous
cerebrovascular accident, peripheral vascular disease, dia-
betes, preoperative renal dysfunction, SCI, and preoperative
shock (P < .01 for all variables).
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TABLE 1. Preoperative characteristics

TABLE 3. In-hospital outcome in the unmatched population

Rupture series Intact series P Rupture series  Intact series P
Characteristic (n = 100) (n = 575) value Outcome (n = 100) (n = 575) value
Age (mean £ SD) 672+143 643+144 .06 Operative mortality 14 (14) 24 (4.2) .01
Gender, male 61 (61) 336 (58.4) .63 Myocardial infarction 77 5(0.8) .004
Smoking 94 (94) 423 (73.6) <.001 Stroke 1 5(0.8) .86
Previous coronary 20 (20) 115 (20) 1.0 Tracheostomy 19 (19) 33 (5.7) <.001
revascularization New dialysis 11(11) 24 (4.2) .01
Hypertension 97 (97) 553 (96.2) .686 Spinal cord injury 5(5) 14 (2.4) .16
Chronic pulmonary disease 60 (60) 216 (37.6) <.001 Recurrent nerve palsy 99 38 (6.6) .38
Previous stroke 8(8) 29 (5.1) <.001 Re-exploration for bleeding 2(2) 14 (2.4) .79
Peripheral vascular disease 38 (38) 147 (25.6) .01 Data are presented as n (%), unless otherwise noted.
Diabetes 17 (17) 44 (7.7) .003
Family history of aneurysm 1(1) 30(5.2) .06 . . . . .
Renal dysfunction 59 (59) 147 (25.5) <001 intact series; and 11% of patients with rupture had >1 inter-
Previous cardiac surgery 38 (38) 290 (50.4) .09 costal reimplantation, versus 22.9% of the intact series (P
Preoperative spinal cord injury 7(T) 3(0.5)  <.001 < .001 for both). Cold renal perfusion during surgery was
Aneurysm extent I or 11 48 (48) 309 (53.7) .06 used in 15% of the patients with rupture, versus 22.7% of
Aneurysm size (mm) (mean + SD) 7.1 £2.0 69+14 140 the patients with intact aneurysm (P = .21).
Shock 27 (27) 1(0.2) <.001 The median partial bypass and deep hypothermic circula-
Emergent operation 96 90) 115(20) <001 tory arrest times were 32 minutes and 31 minutes, respec-

Data are presented as n (%), unless otherwise noted. SD, Standard deviation.

Surgical Data

Surgical details of the rupture and intact groups are given
in Table 2. In the rupture group, the clamp-and-sew tech-
nique was used in 68 patients (21 DTA; 47 TAAA); partial
bypass was adopted in 21 (12 DTA; 9 TAAA); and deep hy-
pothermic circulatory arrest in 11 (10 DTA; 1 TAAA). The
use of deep hypothermic circulatory arrest was significantly
more frequent among DTA cases (P < .001), and the
clamp-and-sew technique was used more frequently in
TAAA patients (P <.001).

Concomitant procedures were performed in 35% of the
rupture group, and 30.1% of the intact series (P < .001).
No differences in surgical technique were evident between
the rupture and intact series. Spinal drainage was used in
65% of rupture cases versus 85.7% of the control group
(P < .001); intercostal reimplantation was performed in
22% of cases in the rupture group versus 43.8% in the

TABLE 2. Intraoperative data

Rupture series Intact series P

Variable (n = 100) (n = 575) value
Clamp-and-sew technique 68 (68) 366 (63.7) 402
Circulatory arrest 11(11) 49 (8.5) 422
Partial bypass 21 (21) 160 (27.8) 155
Spinal drainage 65 (65) 493 (85.7) <.001
Any intercostal reimplantation 22 (22) 252 (43.8) <.001
More than 1 set of intercostals 11(11) 132 (22.9) .001

reimplanted
Concomitant procedures 35 (35) 173 (30.1) <.001
Cold renal perfusion 15 (15) 131 (22.8) 21

Data are presented as n (%), unless otherwise noted.

tively, in the rupture group, and 28 minutes and 33
minutes, respectively, in the intact group (P = .151 and
P = .66, respectively). The median crossclamp time for pa-
tients who underwent operation with the clamp-and-sew
technique was 31 minutes in the group with rupture, and
33 minutes in the intact series (P = .35).

In-Hospital Outcome

Details of the postoperative outcome of the 2 groups are
given in Table 3. Operative mortality was 14% (14 of 100)
in the rupture group, and 4.2% (24 of 575) in the intact se-
ries (P =.01). Mortality was 13.9% (6 of 43) and 14% (8 of
57) versus 2.9% (5 of 167) and 4.6% (19 of 408) for DTA
and TAAA, respectively, in the rupture and intact groups
(P = .99 and P = .36 for intragroup comparison). For pa-
tients in the rupture group who presented with preoperative
shock, mortality was 29.6% (8 of 27; P = .02, vs patients
without preoperative shock). Causes of operative death
were respiratory failure (5 cases; 35.7%); myocardial
infarction (4 patients; 28.5%); and stroke, arrhythmia, mul-
tiple organ failure, sepsis, and malperfusion (1 case of
each).

The incidence of postoperative myocardial infarction,
need for tracheostomy, and dialysis required by new-
onset renal failure was 7%, 19%, and 11%, respectively,
in the rupture group, and 0.8%, 5.7%, and 4.2% in the
intact series (P < .01 for all comparisons). New-onset
SCI occurred in 5% of cases in the rupture group versus
2.4% in the intact group (P = .16); left recurrent nerve
injury occurred in 9% of the rupture cases versus 6.6%
of the intact group (P = .38). Of the 7 patients in the
rupture group who had preoperative SCI, 1 (14.2%) had
postoperative paraplegia; in the other 6, the neurologic
deficit resolved after surgery.
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TABLE 4. Univariate predictors of death in the rupture series

Predictor Dead (n = 14) Alive (n = 86) P value
Male gender 7 (50) 54 (62.8) 363
Smoking 14 (100) 80 (93.0) .308
Previous coronary 3(21.4) 17 (19.8) .885
revascularization
Hypertension 14 (100) 83 (96.5) 478
Chronic pulmonary disease 12 (85.7) 48 (55.8) .034
Previous stroke 3(21.4) 5(5.8) .046
Peripheral vascular disease 9 (64.3) 29 (33.7) .029
Diabetes 7 (50.0) 10 (11.6) <.001
Family history of aneurysm 0 (0.0) 1(1.2) .685
Renal dysfunction 12 (85.8) 47 (54.7) .028
Previous cardiac surgery 6 (42.9) 32 (37.2) .686
Preoperative spinal cord injury 3(21.4) 44.7) .023
Thoracoabdominal aneurysm 8 (57.1) 49 (57.0) 991
Aneurysm extent I or IT 6 (75.0) 42 (48.8) 678
Shock 8 (57.1) 19 (22.1) .006
Emergent operation 14 (100) 82 (95.3) 410

Data are presented as n (%), unless otherwise noted.

Univariate analysis showed that the preoperative vari-
ables associated with operative death in the rupture series
were: chronic pulmonary disease, previous stroke, periph-
eral vascular disease, diabetes, renal failure, SCI, and shock
(Table 4). Logistic regression analysis was not performed,
owing to the limited number of events.

In the overall population, logistic regression analysis
identified female gender, urgent/emergent operation, and
preoperative hemodialysis as predictors of in-hospital

TABLE 5. Preoperative characteristics in the propensity-score—
matched population

Rupture series Intact series P

Characteristic (n=61) (n=61) value
Age (y; mean £ SD) 66.8 +14.0 656+ 124 .623
Male gender 35(57.4) 33 (54.1) .855
Smoking 56 (91.8) 57 (93.4) 729
Previous coronary 11 (18.0) 9 (14.8) .625

revascularization

Hypertension 58 (95.1) 61 (100.0) .079
Chronic pulmonary disease 37 (60.7) 37 (60.7) NS
Previous stroke 34.9) 34.9) 709
Peripheral vascular disease 18 (29.5) 16 (26.2) .686
Diabetes 9 (14.8) 8 (13.1) 794
Family history of aneurysm 1(1.6) 1(1.6) NS
Renal dysfunction 26 (42.5) 29 (47.5) 958
Previous cardiac surgery 20 (32.8) 18 (29.5) 415
Preoperative spinal cord injury 4 (6.6) 1(1.6) 171
Aneurysm extent I or IT 30 (49.2) 32 (52.5) .899
Aneurysm size (mm) (mean £ SD) 72+2.1 72 +£2.0 874
Shock 14 (23.0) 1(1.6) <.001
Emergent operation 57 (93.4) 57 (93.4) NS

Data are presented as n (%), unless otherwise noted. NS, Nonsignificant; SD,
standard deviation.

TABLE 6. In-hospital outcome in the propensity-score-matched
population

Rupture series Intact series

Outcome (n = 61) (n = 61) P value
Operative mortality 0 (0) 1(1.6) 315
Myocardial infarction 2(3.3) 0 (0) 157
Stroke 0(0) 0(0) .604
Tracheostomy 12 (19.7) 9 (14.8) 364
New dialysis 4 (6.6) 6(9.8) 301
Spinal cord injury 4(6.5) 1(1.6) 354

Data are presented as n (%), unless otherwise noted.

MAE (odds ratios [95% CI], respectively: 2.32 [1.37-
3.92]; 2.65 [1.42-4.96], and 4.54 [1.46-14.07]; P = .002,
P =.002, and P = .009, respectively). Rupture of the aneu-
rysm was not predictive of in-hospital MAE (odds ratio:
1.78; 95% CI: 0.62-5.07; P = .27).

Propensity-score matching analysis neutralized the dif-
ferences in baseline characteristics between the 2 patient
groups and resulted in 2 pairs of 61 patients who had almost
identical preoperative features (Table 5). In the matched
population, no significant differences in mortality or inci-
dence of major postoperative complications were found be-
tween the rupture and intact groups (Table 6).

Long-Term Survival

In the unmatched population, 5-year survival was 47.5%
for the rupture group and 59.5% for the intact series
(P < .001). Long-term survival curves are shown in
Figures 1 and 2. In the propensity-score—matched groups,
S-year survival was 45.1% for the rupture group, and
49.9% for the intact series (P = .21) (Figure 3). During
the follow-up, 4 patients of the 86 survivors of repair of
ruptured aneurysm underwent reoperation on the thora-
coabdominal aorta for pseudoaneurysm (2 patients) or
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FIGURE 1. Kaplan-Meier survival curves in the overall population (for
total cohort). CI, Confidence interval.
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FIGURE 2. Kaplan-Meier survival curves, rupture versus intact, in the un-
matched series. CI, Confidence interval.

dilatation of residual native aorta (2 patients). The 5-year
freedom from reoperation for the rupture group was 90.6%.

DISCUSSION

Ruptured thoracic aneurysms are rare entities, with an
estimated incidence of 5 per 100,000. Approximately
30% of all ruptures in the thoracic aorta are localized
to the descending segment, and most patients die before
receiving treatment.'® The risks of thoracic aneurysm
rupture have been well established in natural history
studies. Those that exceed 5.5 cm in diameter have
an annual rate of either rupture or dissection®™ of
>15%.

Despite a significant reduction in the morbidity and
mortality associated with elective DTA and TAAA
repair, patients and their referring physicians continue
to endure the risk of an aortic catastrophe in the hope
of avoiding major complications, such as SCI, stroke,

Groups
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Rupture| 76.6% (64 4%) | 52.7% (36.4%-69.0%) | 45.1% (28.0%-62.2%)

FIGURE 3. Kaplan-Meier survival curves in the propensity-score—
matched populations. CI, Confidence interval.

and renal failure. This approach has contributed to an
increasing number of patients who have aneurysm
rupture. In 2 large Medicare studies, nearly 9% of all
patients having DTA repair presented with a ruptured
aneurysm.*” The outcomes in this high-risk cohort,
regardless of whether the patient had an open or endo-
vascular repair, were predictably worse than those in
the elective setting. However, many patients presented
to small hospitals where providers had limited experi-
ence in either open or endovascular thoracic aortic sur-
gery. The mortality in this setting is >3-fold higher
than it is in large tertiary-care centers.'’ A more thor-
ough examination of a contemporary experience with
open repair of ruptured thoracic aneurysms in a high-
volume aortic referral center seemed warranted.

The need for earlier intervention for thoracic aneu-
rysms is supported by 2 previous studies examining out-
comes in patients who have had open repair of ruptured
DTAs and TAAAs. Crawford and colleagues'® presented
one of the earliest, and still the largest, single-center ex-
periences with ruptured thoracic aneurysms. In 117
consecutive patients, the median aortic diameter at the
time of presentation was >8 cm. The 30-day mortality
rate was a very respectable 24%, despite one quarter of
their patients presenting in shock. This mortality rate
was >3-fold higher than that seen in patients undergoing
elective repair. An additional concomitant increase
occurred in the incidence of permanent SCI, and a nearly
5-fold increase occurred in the incidence of dialysis-
dependent renal failure.

A decade later, we reported on 40 consecutive patients
who presented with thoracic aneurysm rupture.'* We, too,
found the mean aortic diameter at the time of presenta-
tion to be substantially larger than that in patients under-
going elective repair (8.2 cm vs 6.6 cm). Although our
operative mortality was 17.5%, this risk was 9-fold
higher than the risk for those we repaired in the elective
setting. Surprisingly, the risk of SCI and postoperative
dialysis was not significantly higher, but as found in
the Crawford study, cardiac events were the primary
cause of mortality.

Approximately 20% to 30% of all patients with a
ruptured TAAA or DTA present in shock, and nearly one
half are hemodynamically unstable when they are taken to
the operating room.'” In the present series, 27% presented
in shock, a state highly predictive of postoperative mortality
on univariate analysis (8 of 27; 29.6%; P < .02). Shock
necessitated rapid intervention and significantly reduced
our ability to institute modern end-organ protection strate-
gies, such as spinal drainage or intercostal reimplantation.
Although this did not significantly increase the incidence
of permanent neurologic injury, patients with rupture were
more likely to develop the need for dialysis (11% vs
4.2%; P < .01) or a tracheostomy (19% vs 5.7%;
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P <.001) after surgery, compared with their elective-repair
counterparts.

The surgical strategy for repair of ruptured TAAA and
DTA is individually tailored based on aneurysm extent,
hemodynamic conditions, and the risk profile of the pa-
tient. Although we advocate for use of modern end-
organ protection adjuncts, the operative strategy and, at
times, even the extent of the repair, must in fact be indi-
vidualized for every patient. Most of our repairs were
complete extirpation of the aneurysm; the rare patient
with extreme instability or advanced age occasionally
mandated a more conservative approach in the operating
room. Those surviving such an unusual constellation of
circumstances, of course, require serial imaging to follow
the retained aneurysm segments.

Aneurysm rupture also forced us to proceed without be-
ing able to correct significant coronary artery disease.
Similar to previous studies,'*'*?**' myocardial infarction
was significantly predictive of perioperative mortality and
was responsible for nearly 30% of the deaths in this
series. We had previously demonstrated the benefits of
aggressive identification and correction of coronary artery
disease before open elective repair of DTAs and TAAAs.”
However, we had not given consideration to this possibility
in the setting of a rupture.

Patel and colleagues™’ recognized as well the poor prog-
nosis associated with a perioperative myocardial infarc-
tion, as nearly one quarter of the deaths in their series
were cardiac in origin.”” In those with significant cardiac
histories, they performed TEVAR when anatomically
possible. None of these patients experienced clinically sig-
nificant ischemia. However, in those hemodynamically
stable patients who were unsuitable for an endovascular
repair, they performed coronary angiography and percuta-
neous coronary intervention with a bare metal stent,
immediately before going to the operating room. One
additional patient underwent concomitant coronary artery
bypass grafting at the time of DTA repair. Although 1 of
these 2 patients died of a retrograde type A dissection,
neither succumbed to myocardial ischemia. Given the
grave prognosis associated with myocardial infarction
and thoracic aneurysm repair, careful consideration should
be given to emergent coronary angiography in a very se-
lective subset of patients who present with a contained
rupture, remain hemodynamically stable, and are at high
risk for cardiac events. More experience with this algo-
rithm is needed before widespread adoption of this method
could be appropriately advocated.

As respiratory failure and myocardial infarction
continue to plague open repair of ruptured DTA and
TAAA, the fact that TEVAR quickly became a treatment
strategy for this highly lethal problem was inevitable.
The first TEVAR for a ruptured DTA was reported™ in
1997. After approval of TEVAR by the US Food and

Drug Administration for commercial use” in 2005, the
number of patients being treated by endovascular repair
has risen dramatically.

Conrad and colleagues,” and subsequently Goodney and
colleagues,4 reviewed >15,000 patients in the Medicare
database who underwent DTA repair. Nearly 10% of those
being treated presented with rupture, and 20% to 30% of
those were treated with TEVAR. Although the perioperative
mortality associated with TEVAR in the elective setting was
not significantly better than that with the open approach
(6.1% TEVAR vs 7.1% open, P < .07), the mortality re-
ported for successful repair of ruptured DTAs was dramat-
ically less than that seen with open surgery. In 1307 patients
undergoing repair of a ruptured DTA, the in-hospital mor-
tality with TEVAR was nearly half that seen with open sur-
gery’ (28.4% vs 45.6%; P < .0001). A meta-analysis
looking at 224 patients with ruptured TA confirmed these
findings.”'

In 28 studies, a total of 143 patients underwent TEVAR,
whereas 81 were repaired with traditional surgery. Again,
those who underwent TEVAR had a mortality of nearly
one half that of their open-surgery counterparts (19% vs
33%; P < .016). A similar 30-day mortality, 18.4%,
was also reported from 7 referral centers performing TE-
VAR for ruptured DTA.'® However, although endovascular
repair of ruptured abdominal aortic aneurysm has been
shown to be advantageous, with respect to both early
and late survival,”* whether TEVAR offers patients with
ruptured thoracoabdominal aneurysm similar advantages
is unclear. A more thorough examination of perioperative
data, as well as short-term and intermediate-term survival,
may persuade one that open repair should not be aban-
doned quite yet.

The study by Jonker and colleagues,'’ reviewing 87 pa-
tients from 7 aortic referral centers, performing TEVAR
for ruptured thoracoabdominal aneurysm provides some so-
bering details. Although the technical success of the index
procedure was 95.4%, nearly 40% of patients required
left subclavian artery coverage to achieve aneurysm exclu-
sion. This likely contributed to the 8% stroke rate. Half of
these strokes were fatal. Type I endoleaks, a condition high-
ly associated with adverse outcomes in TEVAR,> occurred
in 18.4% of patients within 30 days of the index procedure.
Another 2.3% developed one at 6 months. A total of 12.6%
of patients required a second procedure within 17 days of
their TEVAR.

All attempts at endovascular repair failed for 4 pa-
tients, and they died of either aneurysm rupture or a
complication of the secondary procedure within 6 months
of their initial presentation. An alarming number of pa-
tients presented within 6 months with infected endografts.
The meta-analysis examining 143 patients who under-
went TEVAR for ruptured thoracoabdominal aneurysm
had similar problems with endoleaks.”’ Unfortunately, 5
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perioperative survivors died of aneurysm-related causes
within 139 days of their initial procedure. Sixty percent
of these deaths were caused by aneurysm rupture, and
the remaining 40% died of complications related to an
infected endograft. In our experience, the need for further
intervention is quite rare after open repair. Less than
10% of patients required any form of reintervention at
5 years, and no patients died from aneurysm rupture or
infection.

Long-term survival after ruptured DTA or TAAA repair is
worthy of discussion here. Despite the initial survival
advantage provided in most series examining TEVAR, the
benefit may prove to be short lived. Goodney and col-
leagues” reported that the early survival advantage of TE-
VAR disappeared within the first 1.5 years after surgery.”
By life-table analysis, the 5-year survival after TEVAR
repair of isolated ruptured DTA was only 23%. Although
most of our patients underwent higher-risk TAAA repair,
the S5-year survival of our entire cohort was 47.5%.
Although this percentage was significantly lower than that
seen in our elective population (47.5% rupture vs 59.5%
elective; P <001), these differences disappeared with
propensity-score matching and compare favorably with a
less-invasive approach. These survival differences are not
surprising considering that in the long-term follow-up after
TEVAR, the perioperative survival advantage is now being
seen to disappear by 2 years because of graft-related com-
plications and the need for reinterventions.”**’

Limitations

This study is limited by its retrospective nature. In addi-
tion, the outcomes presented in this series are those of a
high-volume, tertiary-care, aortic referral center and may
not be extrapolated to smaller hospitals with limited experi-
ence or resources to deal with this high-risk patient
population.

CONCLUSIONS

Open repair remains the gold standard surgical therapy
for patients presenting with ruptured DTA and TAAA.
The perioperative and long-term outcomes after open repair
are encouraging, and after adjusting for patient-related fac-
tors, not significantly worse than those of elective cases. In
those patients who are unstable, especially in smaller hospi-
tals where resources and experience may be limited, TE-
VAR may provide a better opportunity for immediate
survival.'” However, given that most patients with a rupture
are stable, consideration should be given to transferring the
patient to a center with the experience necessary to provide
either open or endovascular repair.

You can watch a Webcast of this AATS meeting presenta-
tion by going to: http://webcast.aats.org/2015/Video/
Tuesday/04-28-15_612_1420_Gaudino.mp4.
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Discussion

Dr A. DeAnda (New York, New York). Dr Gaudino—thank
you for your nice presentation, and thank you for providing
me with the manuscript ahead of time to review. I want to
congratulate my colleagues up the street for their excellent
results.

I have 3 questions. First, when you look at your data and
divide it between the TAAAs and DTAs, the mortality rate
for the DTAs is actually higher than the mortality rate for
the TAAAs, by 3-fold, approximately, whether or not
they were ruptured or intact. I think this is a little bit
different than at least my experience, which is that the
TAAAs tend to be a bigger operation, with less-positive
results. It is usually reversed in comparison with DTAs.
So my first question is: How do you explain these mortality
rates?

My second question is in reference to an editorial
comment in the manuscript. A lot of these patients were pre-
senting with, on average, a 7-cm aneurysm, and you posit
that this may be because of a reluctance of the referring phy-
sicians to send these patients earlier. But could this not be
just that these patients are asymptomatic up to the point
of rupture?

Finally, you did not mention it in your talk, but in your
manuscript, you talk about the use of endovascular ap-
proaches. What you have mentioned is that the results of
stenting are not as good as those of open repair, and you
give some very excellent reasons why that may be the case.

So, maybe for the audience, you could expand on that a
little bit—about what you think the role of endovascular
treatment is for the ruptured aneurysm. Once again—nice
talk.

Dr Gaudino. Thanks, Dr DeAnda, for your nice com-
ments, and obviously, your points are very well taken.

For the difference in mortality between DTAs and
TAAAs, 1 guess there is a major selection bias when
these 2 patient populations are compared, because for
the DTAs, you really have a solid TEVAR alternative.
As surgeons, we are seeing only those patients that
you cannot treat with TEVAR, so we are probably get-
ting the sicker or the more complicated patients;
whereas for TAAAs, the TEVAR alternative is much
less solid, and so we are getting the whole spectrum
of patients.

So if I can use these words, we are getting the good and
the bad for the TAAAs and only the bad for the DTAs. So
this is a possible explanation of your very well taken first
point.

Regarding the second, I agree. Unfortunately, most of
these patients were transferred from an outside referral hos-
pital, so we do not have a very complete history of those pa-
tients. We do not know how many of them had a previous
known aneurysm, and for how many of them the rupture
was the first clinical presentation of an asymptomatic
aneurysm.

I guess that there can be some reluctance to refer a
patient for open repair, and this probably applies more
to TAAAs than to DTAs. But again, unfortunately, I
do not have the numbers to answer this particular
question.

You point out the very important point that we do not
have a TEVAR group in our study, so we cannot really
extrapolate on the basis of our own data on the role of TE-
VAR. I can say that this result compared fairly well with
most of the published TEVAR series, but the comparison
of different series from different institutions obviously has
limited scientific value.

So this is something that probably cannot be answered on
the basis of our data. It is probably related to the experience
and the knowledge of the aortic surgeon. Maybe the senior
author who is in the audience would later comment on that
particular point.

Dr J. Bavaria (Philadelphia, Pennsylvania). So—great
presentation, interesting data.

Maybe the next big area of statistics in these kinds of
cases is what I would call actuarial statistics. You had a
14% mortality rate, but then you did a propensity analysis
on 61 patients, and the mortality rates were very low in
that group, which means that the mortality rates in the other
39 were probably off the wall.

So my question to you is: Can you go the other side and
say whether there is a patient population for whom, based
on the actuarial statistics, diabetes, plus shock, plus et ce-
tera, these factors would define futility here?

Could you go into those 39 in your preoperative room
and say—maybe Len should answer this—but is there a
group of patients from these data that you could teach
us not to do?
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Dr Gaudino. Yes, that is a very good point. If you
look even at the results of the univariate analysis, you
realize that what really makes the difference is shock.
Patients with preoperative shock had 40% mortality;
whereas, patients without shock had a more or less 8%
mortality rate.

So if you compare patients without shock to the general
population, there is no statistically significant difference
in mortality; whereas, if you compare patients with shock
with the overall population, this difference becomes highly
significant.

So what really makes the difference, and this is not sur-
prising, is the preoperative hemodynamic condition. For
the patient in shock, preoperative mortality is at least
30%. Even on the basis of the simple univariate analysis,
you can see this result fairly well. The propensity matching
matched the shock in the rupture group with the few patients
of the intact group that were in shock, and so we lose statis-
tical significance in looking at the difference. But the most
important predictive variable is definitely preoperative
shock.

Dr F. Beyersdorf (Freiburg, Germany). 1 would like
to congratulate you on these fantastic results in
ruptured descending thoracoabdominal aneurysms. We
are choosing just the opposite approach. That means
the vast majority of all ruptured DTAs and TAAAs
are getting TEVAR, and this works extremely well
and fast.

Your results are really great, and 40% mortality in
ruptured DTAs is fantastic, especially if you have such a
relatively high percentage of patients in shock. However,
you have also spinal cord drainage in 67%; we would like
to do that, even if we are using TEVAR, but we can never
do it because we rush the patients with ruptured aneurysms
into the operating room.

So the question is: What exactly is a ruptured DTA in
your series? Open rupture means hemothorax, and it is a
true emergency. Of course, penetrated ones may also have
been included in your series.

In our experience at least, our results have been improved
tremendously by using TEVAR because it is a much faster
procedure. Even if you can deal with only the ruptured side,
you can still deal with the other problems a couple of weeks
or months later.

My second question is: Given the 67% spinal cord
drainage, what percentage of your patients really had
ruptured aneurysm in your series?

Dr Gaudino. Well, obviously the 27 patients that were in
shock were those in whom the rupture was not covered, and
they were among those 35% who did not receive the spinal
drain. The other patients were more or less hemodynamical-
ly stable. We really strongly believe in the importance of the
spinal drain, so we make every effort to have it placed in
before surgery.

If you look at the literature regarding the natural history
of ruptured DTAs and TAAAs, 93% of these patients die
before reaching the hospital, so you are really dealing
with survivors. I guess the majority of the patients we see
do not have a free rupture of the aneurysm; otherwise,
they would not reach the hospital.

For those that do reach the hospital, more or less one third
of them are very unstable, so you do not have time to place
the drain or do many other things. You just rush to the oper-
ating room. But for the majority, you probably have the pos-
sibility of at least putting in your drain before going into the
operating room.

Dr L. Girardi (New York, New York). Just to answer Dr
Bavaria’s question, we did do a slightly more complicated
statistical analysis that we ran out of time for here, and it
will be in the article. But the interesting thing I think about
it, and it surprised me initially, is that the rupture in and of
itself is not the event that seems to make a big difference, as
long as the patient is not unstable. The minute you throw in
rupture with instability, it changes everything, and the peri-
operative mortality and incidence of every possible compli-
cation increases dramatically.

When you compare these results to most series with TE-
VAR, the initial clinical outcomes are certainly in the same
ballpark. I think, for those patients who are unstable, TE-
VAR is definitely a good approach, especially in a smaller
hospital where a lot of these patients present; it is probably
the approach to use for those patients, as long as that facility
has the technical capability of performing that procedure in
a timely fashion.

There have been arguments that even unstable patients
should just be sent to tertiary care. I guess it just depends
on the distance, but trying to do that in New York City really
will not work. So we get a lot of patients who are more ““sta-
ble,” and most of the ones that were in some level of shock
came in within our system.

So we are not saying that TEVAR does not have a role.
We think it actually does, and it has dramatically reduced
the perioperative outcome mortality. But the reinterven-
tions—the long-term survival—does not seem to be as
good, at least in smaller series, so we think this is a good
approach for a lot of patients.

Dr B. Yang (Ann Arbor, Michigan). I just want to extend
the discussion on the management of patients with ruptured
aorta and hemorrhagic shock. I had a patient with an acute
on chronic type B dissection, ruptured DTA, and hemor-
rhagic shock. He was a Jehovah’s Witness. I did not think
he would have survived an immediate open repair without
blood transfusion, had I taken him to the operating room
for a definitive open repair.

What we did was to place a stent graft to cover a new tear
between the true lumen and new false lumen to stop the
bleeding temporarily. We waited for a month for him to
recover from hemorrhagic shock and anemia. Then we
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performed the definitive open repair of his 9-cm DTA. He when those patients are not candidates for open repair. It
was discharged without any complications. gives the patients the opportunity to recover, and surgeons

I think TEVAR can be a great alternative to temporarily the opportunity to perform the definitive open repair safely,
stop the bleeding from ruptured aorta for suitable patients later.
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