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Abstract

Background—Current guidelines for imaging surveillance after proximal aortic repair are not
evidence based. This study sought to characterize the incidence and causes of reintervention after
proximal aortic operations to provide data to guide the frequency and duration of postoperative
surveillance.

Methods—Data on all patients undergoing proximal aortic operations (ascending, with or
without root, with or without aortic valve replacement, or with or without arch) during a 9-year
period (n = 869) at a single institution were prospectively collected. Patients who required
reintervention on the proximal or distal aorta were identified and causes for reintervention
determined. Planned two-stage repairs and index procedures done at other hospitals were
excluded. The primary end point was the time to the first reintervention, and competing-risk Cox
regression was used to model reintervention risk.

Results—Reinterventions occurred in 4.3% of patients (n = 37), with 48.6% (n = 18) involving
the proximal aorta and 51.4% (n = 19) the distal. Median time to reintervention was 2.8 years
(interquartile range, 1.5 to 3.6 years). For index aneurysm cases, reintervention for aneurysm of
the descending/thoracoabdominal aorta and root were most common. Of the 6 root aneurysms/
pseudoaneurysms, 5 (83%) were due to degeneration of a stentless porcine aortic root. For index
type A dissections, reintervention for aneurysm of the descending/thoracoabdominal aorta and
arch were most common. The mean duration of follow up was 4.2 + 2.5 years. The 9-year
actuarial freedom from reintervention was 92.9%. Cox regression showed index type A dissection
was a significant predictor of time to aortic reintervention (hazard ratio, 2.01; 95% confidence
interval, 1.04 to 3.9; p=0.038).
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Conclusions—Reinterventions after proximal aortic operations are uncommon; most occur
within 3 years of the index operation and involve the proximal and distal aorta nearly equally.
Patients with type A dissection or stentless porcine roots require aggressive surveillance, whereas
a more liberal approach is suitable for patients without such risk factors. This strategy may reduce
the lifetime radiation burden and health care costs.

Despite advances in anesthesia, postoperative care, circulatory management, and cerebral
protection strategies, reoperative cardiac operations are associated with an increased risk of
morbidity. The subgroup of reoperative thoracic aortic surgical patients presents in itself a
unique challenge, with perioperative mortality ranging from 7% to 15% compared with 3%
to 4% in the elective setting [1-10]. Thoracic aortic reoperations may be required for a
multitude of reasons, including chronic/residual dissection, progression of aortic disease,
anastomotic pseudoaneurysm, endocarditis or deterioration of bioprosthetic devices, graft
infection, or valvular insufficiency, among others [6, 9, 11-14].

The published literature on reoperative thoracic aortic procedures, however, is limited to
single institutional series, and criteria for “reoperative aortic operations” are heterogeneous.
Although data exist regarding the inherent morbidity and the potential for death resulting
from reoperation on the thoracic aorta, there remains only Level C evidence on the use of
imaging surveillance with computed tomography (CT), magnetic resonance imaging (MRI),
or transthoracic echocardiography (TTE) after aortic repair. Further, it is on this low-quality
evidence that current postoperative aortic surveillance guidelines are based [15].
Unfortunately, owing to the long-term time frame in which an aortic reintervention may
become a necessity—in some series with a mean range of 7 to 11 years [12, 16-18]—and
the radiation and cost burden placed on patients as a result of aortic surveillance imaging,
more concrete data are required for guideline recommendations.

Given this lack of clinical evidence for postoperative imaging surveillance, the goal of the
current study was to describe the incidence and causes for reintervention after proximal
aortic operations to provide guidance regarding the needed frequency and duration of
postoperative surveillance and address the knowledge gap in the current literature and
guidelines.

Patients and Methods

Study Design and Patients

An institutional database was used to identify all patients who underwent proximal aortic
operations at a single referral aortic center (Duke University Medical Center, Durham, NC)
from June 2005 to March 2014. Proximal aortic operations were defined as ascending aortic
replacement with or without aortic root replacement, with or without aortic valve repair or
replacement, or with or without aortic arch replacement. Patients who underwent
reoperations after having undergone an index proximal aortic operation at another institution
were excluded from the reintervention cohort because the surveillance screening interval, if
any, was unknown. In addition, patients with planned two-stage procedures were not
considered as a reintervention; specifically, the second stage of a planned two-stage
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procedure was not considered a reintervention because the decision to return to the operating
room was prespecified.

Demographic, operative, and postoperative outcome data were extracted from the Duke
Thoracic Aortic Surgery Database, a prospectively maintained clinical registry of all patients
undergoing thoracic aortic surgery at Duke University Medical Center since June 2005.
Patients underwent lifelong follow-up examination at the Duke Center for Aortic Disease,
with clinical assessment and CT angiography (CTA) plus TTE or cardiac MRI/aortic
magnetic resonance angiography. Investigational Review Board approval was obtained for
this study, and the need for individual patient consent was waived.

The primary end point of the analysis was the need for operative reintervention on the
thoracoabdominal aorta. Reinterventions on the proximal as well as the distal (descending,
thoracoabdominal, abdominal) aorta were included in this analysis. Secondary end points
included time to reintervention, reason for reintervention, reintervention performed, and
postoperative morbidity and death. Indications for reintervention were in strict accordance
with The Society of Thoracic Surgeons (STS)/American Heart Association (AHA) published
guidelines for management of aortic disease, assuming the patient was otherwise a suitable
operative candidate based on medical comorbidities [15].

Data Analysis

Results

Categoric variables are reported as numbers and percentages and continuous variables as
means and SDs. Continuous and categoric variables were compared between groups using
the Mann-Whitney rank sum test and the Fisher exact test, respectively. Overall estimates of
freedom from reintervention were calculated for all patients using the Kaplan-Meier method.
In instances where a patient underwent more than one reintervention, the time to the first
aortic reintervention was considered. Competing-risk regression using a Cox model was
used to model the competing risk of time to the first aortic reintervention vs death, while
controlling for differences in baseline characteristics. Rather than reporting the cumulative
incidence estimator, the point estimate from the competing risk model, the subhazard ratio,
is reported. Stata 11.0 software (StataCorp LP, College Station, TX) was used for all
statistical analyses.

Patient Characteristics

From June 1, 2005, to March 15, 2014, 869 patients at our institution underwent proximal
aortic operations. Reinterventions occurred in 4.3% of patients (n = 37). Baseline
characteristics of all patients at the time of the index proximal aortic operation are reported
in Table 1, stratified by whether patients ultimately went on to have a reintervention. Among
patients who subsequently required reinterventions, there was a higher frequency of baseline
hypertension, history of stroke or transient ischemic attack, and creatinine exceeding 1.5
mg/dL at the time of the index operation (Table 1). There was no significant difference in
prevalence of connective tissue disease between groups.
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Aortic Reintervention: Indications and Surgical Management

Among the 37 patients in the study cohort who required reintervention, 18 (48.6%) involved
reinterventions on the proximal aorta, and 19 (51.4%) involved the distal aorta. Moreover, 21
patients (56.8%) had an index procedure for a proximal aneurysm, 15 (40.5%) had an index

procedure for type A dissection, and 1 (2.7%) had an index root abscess.

Table 2 summarizes the indication for reintervention and the reintervention performed
among the 21 patients who had an operation for an index proximal aneurysm and
subsequently required reintervention. The most common indication for reintervention was
metachronous development of an aneurysm of the descending or thoracoabdominal aorta,
which occurred in 10 patients (47.6%) in this group. All but 1 patient in this group was able
to be treated with thoracic endovascular aortic repair. The second most common indication
for reintervention was development of a root aneurysm or pseudoaneurysm, which occurred
in 6 patients (28.6%) and necessitated reoperative root replacement. Of these 6 root
aneurysms/pseudoaneurysms, 5 (83%) were due to degeneration of a Freestyle (Medtronic,
Minneapolis, MN) stentless porcine aortic root, a recently described mode of failure unique
to this particular prosthesis [14]. If patients with a Freestyle root are excluded, the risk of
reintervention among the elective proximal aneurysm group drops significantly to 1.8% (n =
16).

Table 3 reports the indication for reintervention and the reintervention performed among the
15 patients who had operations for an index type A dissection and required reintervention.
Among 60% of patients in this group, the reason for reintervention was the development of a
descending or thoracoabdominal aneurysm (n = 9). Most required an open thoracoabdominal
approach (46.7% [n = 7]) vs thoracic endovascular aortic repair (13.3% [n = 2]). The next
most common indication for reintervention was the development of a transverse arch
aneurysm (26% [n = 4]).

One patient in the series presented with an index aortic root abscess from endocarditis that
was repaired with a pericardial composite root. Recurrent aortic root endocarditis with
valved conduit dehiscence subsequently developed and required redo aortic root replacement
3.5 years later.

Reintervention: Timing, Risk Factors, and Postoperative Outcomes

Overall freedom from reintervention is shown in Figure 1. The mean duration of follow up
was 4.1 + 2.5 years. The incidence rate of reintervention was 0.0102, or 1 reintervention per
100 patient-years. At 9 years, the actuarial freedom from reintervention was 92.9%. The
probability of reintervention was 0.0426 or 4.3% for the series.

The overall median time to reintervention was 2.8 years (interquartile range [IQR], 1.5 to 3.6
years). Patients who underwent an index operation for a type A dissection had a higher risk
of reintervention than those who underwent an index operation for a proximal aneurysm (p =
0.001). The median time to reintervention was 2.0 years (IQR, 0.8 to 3.2 years) for type A
dissection patients and 3.4 years (IQR, 2.2 to 4.4 years) for proximal aneurysm patients. The
median time to reintervention was 2.8 years (IQR, 2.1 to 3.5 years) when patients receiving a
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Freestyle root were excluded and was 3.6 years (IQR, 2.9 to 5.0 years) for only Freestyle
roots.

Figure 2 demonstrates the hazard rate as a function of time, stratified by indication for the
index operation. Although the risk of reintervention was persistently higher throughout the
study period for dissection patients than for aneurysm patients (excluding Freestyle
bioroots), aneurysm and dissection patients both had peak risks of reintervention at
approximately 3 years, with risk then beginning to plateau or decline after that point. For
patients with Freestyle bioroots, the risk of reintervention was progressive and occurred later
than for dissection or aneurysm patients. Multivariable Cox competing-risk regression
showed the indication for the index operation (aortic dissection vs proximal aneurysm) was
the only significant risk factor for reintervention (hazard ratio, 2.01; 95% confidence
interval, 1.04 to 3.9; p=0.038).

For patients who underwent a reintervention operation, the overall mean postoperative
length of stay was 6.7 + 4.8 days and the median length of stay was 5 days. The mean cross-
clamp time for applicable cases was 124.1 x 74.3 minutes. There were no reoperations for
bleeding. The frequency of neurologic complications, prolonged mechanical ventilation, and
acute renal failure were each 3.3% (n = 1). The 30-day mortality rate was 6.7% (n = 2), and
1 death occurred beyond 30 days.

In the current analysis we demonstrate that thoracic aortic surgical reinterventions among
patients who undergo proximal aortic operations are uncommon, occurring at a frequency of
4.3% over a 9-year study period. For both patients with an index proximal aneurysm
operation or type A dissection repair, the most common indication for surgical reintervention
was the metachronous development of an aneurysm of the descending or thoracoabdominal
aorta, which occurred at an overall median time of 2.8 years postoperatively.

Current guidelines from the STS/AHA writing group on the diagnosis and management of
thoracic aortic disease contain recommendations for surveillance of various aortic
pathologies after repair. However, the recommendations are Class lla and based on Level C
evidence, and the authors note that, “the frequency of surveillance imaging is not clear as
there are no data to accurately dictate surveillance intervals” [15]. European Society of
Cardiology guidelines on postoperative imaging surveillance after proximal aortic operations
are similarly based on Level C evidence [19].

For patients who have undergone repair of a type A dissection, current STS/AHA guidelines
recommend imaging by CT or MRI at 1, 3, 6, and 12 months after dissection and then
annually. No recommendations are provided regarding the duration of surveillance beyond 1
year. The most common indication for reintervention in our analysis was the development of
a descending or thoracoabdominal aneurysm, occurring in 60% of reinterventions after
aortic dissection repair. Halstead and colleagues [20] examined distal reoperations among
179 consecutive acute type A dissection repairs, and similar to the results of the current
study, found that distal reoperations were more prevalent (8.9%) than proximal
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reinterventions (2.8%). The median time to reintervention after type A dissection repair in
the current study was 2.0 years, with an observed hazard that began to decline at 3 years.
Thus, current guidelines for surveillance imaging at 1, 3, 6, and 12 months would seem more
frequent than necessary, and a more liberal approach to annual screening beyond
postoperative years 3 or 4 would likewise seem reasonable, assuming continued stable
imaging findings on prior studies.

Recommendations for imaging surveillance after a proximal aortic operation for aneurysm
are less well defined. STS/AHA guidelines, for example, recommend only TTE before
discharge and yearly for aortic root repair and aortic valve replacement plus ascending aortic
repair (Wheat procedure). Few studies have examined the incidence of reintervention in
proximal aortic aneurysm operations. Strauch and colleagues [21] analyzed 2,281
anastomoses among 1,475 patients and found that only 34 patients (2.3%) required
reoperation for suture-line disruptions after graft-to-aorta anastomosis using Teflon (DuPont,
Wilmington, DE) felt for an incidence of 0.052 per patient-year. Our analysis found
descending or thoracoabdominal aneurysm was the most common indication for
reintervention after a proximal aortic operation for aneurysm, occurring at a median interval
of 3.4 years. Therefore, the recommended isolated TTE would not be an effective
postoperative screening modality because this study would not capture the most common
indication for reintervention.

We previously reported the frequency of pseudoaneurysm formation after Medtronic
Freestyle porcine aortic full root bioprosthesis implantation, a complication that appears to
be potentially immune mediated and necessitates redo aortic root replacement for correction
[14]. In our previous analysis, the frequency of this complication was 4.7% [14]. In the
current study, for proximal reinterventions secondary to pseudoaneurysm formation, 83%
patients had a history of implantation of a Freestyle root at the index operation. Thus,
patients in this group would require more aggressive surveillance imaging than other
proximal aortic aneurysm surgical patients.

Figure 3 demonstrates our current institutional protocol for postoperative aortic surveillance
based on the current analysis of reinterventions after a proximal aortic operation. In addition
to imaging, all office visits include optimization of medical care, such as blood pressure
medication titration, compliance with taking a statin, and use of an angiotensin receptor
blocker if the patient has connective tissue disease. Among patients with a DeBakey type |
dissection, connective tissue disorder, or vasculitis/aortitis, at each surveillance time point
there is either a CT angiography (CTA) of the chest, abdomen, and pelvis plus TTE, or
cardiac MRI/aortic magnetic resonance angiography. Among patients with a DeBakey type
Il dissection, degenerative (atherosclerotic) aneurysm, or bicuspid aortic valve, there is an
initial scan of the chest, abdomen, and pelvis, but subsequent scans are limited to the chest if
no abdominal pathology is present. With regard to surveillance interval, the initial
postoperative surveillance in proximal aneurysm patients occurs between 6 and 9 months,
then 18 months later, and then every 2 years thereafter if imaging shows the repair is stable.
This less aggressive surveillance protocol reflects the lower early rate of reinterventions in
this group and the decreased likelihood of reintervention beyond 3 to 4 years. The exception
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is patients with a Freestyle aortic bioprosthesis who require annual surveillance imaging, as
noted above.

Our evidence-based surveillance protocol attempts to maximize screening during the period
of highest risk and minimize screening among low-risk patients, a strategy that has the
potential for significant reductions in lifetime radiation exposure and overall health care
costs. We also recommend that for patients who have had a previous proximal aortic
operation elsewhere and are establishing care at our institution, that a baseline TTE and CTA
or cardiovascular MRI be performed to fully evaluate the aorta and arterial tree as well as
cardiac and valvular function. Although we acknowledge that not all patients may be able to
return to the tertiary care center where their aortic operation was performed for ongoing
surveillance, we believe that other providers can still follow an evidence-based approach and
work collaboratively with aortic surgeons at tertiary care centers to evaluate any new
findings by electronically transferring images.

Fazel and colleagues [22] recently published a consensus statement from the AHA on
approaches to enhancing radiation safety in cardiovascular imaging. The proximal aortic
surveillance protocol outlined in this study is consistent with their recommendation as well
as United States Food and Drug Administration recommendations for patient-centered
imaging, whereby the decision to use imaging is individualized according to patient
characteristics rather than generalized routine annual surveillance [23].

The patients undergoing reinterventions in the current analysis were a mean age of 61 years.
Data on lifetime cancer risk for CT imaging is sparse; however, the estimated lifetime risk of
cancer attributable to coronary CTA imaging at age 60 is estimated at 0.10% for men and
0.20% for women [24]. Routine annual surveillance imaging over a 20-year period would
therefore potentially result in a lifetime cumulative cancer risk of 2% among men and 4%
among women [24]. Thus, for a 60-year-old man, a patient-centered approach with
surveillance at 2-year intervals after aggressive early screening has the potential to reduce
lifetime cancer risk by half, to approximately 1%, and reduce individual health care cost by
approximately $10,000, assuming an average Medicare cost of $1,000 per CTA. Of note, this
cost estimate does not include the additive cost of TTE. In addition, we acknowledge that
coronary CTA has higher radiation exposure and is thus higher risk than routine thoracic
CTA, that coronary CTA data do not account for abdominal and pelvic radiation exposure
risk, and that radiation doses have continued to decrease with changing technology [25]. In
addition to patient-centered imaging approaches, the routine use of magnetic resonance
angiography has the potential to reduce radiation burden and is frequently used in our
institution for the postoperative surveillance of younger patients.

The major potential limitation of the current analysis is the possibility that a patient might
have undergone reintervention at another institution, such that the reported incidence rates
underestimate the true risk of reintervention. Our follow-up with patients, however, was very
close, and patients were individually contacted if they did not return for scheduled follow-
up. We have a dedicated aortic surgery nurse practitioner, and estimate that less than 1% of
patients do not return for an initial follow-up imaging study and less than 3% do not return
for further surveillance imaging.
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Another potential limitation is the relatively short duration of follow-up, especially given the
presumed lifetime risk that metachronous aortic pathology will develop after the index
repair, with the analysis covering only a 9-year period and with a mean follow-up duration
of only 4.5 years. However, although reinterventions in this cohort will continue to occur in
the future, the rate of such interventions is not likely to increase because the observed hazard
for reinterventions began to plateau or decline during the study period.

A final limitation is that the study excluded patients if their index operation was performed
at an another institution because the surveillance frequency was unknown, as was the
number of patients undergoing proximal aortic repair at other institutions who did not
require reintervention. Therefore, our analysis may either overestimate or underestimate the
true prevalence of reinterventions among all proximal aortic repair patients and the
importance of serial imaging.

In summary, the current analysis demonstrates that reinterventions after a proximal aortic
operation are uncommon and that the timing of reintervention differs by the indication for
the index procedure, with peak risk occurring at approximately 3 to 4 years postoperatively.
Developing an evidence-based surveillance algorithm has the potential for significant
reductions in health care costs and lifetime radiation exposure.
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Fig 1.

Kaplan-Meier estimate of (A) overall freedom from aortic reintervention and (B) freedom
from aortic reintervention stratified by aneurysm (Freestyle [Medtronic, Minneapolis, MN]

excluded; solid line), Freestyle only (dashed line), and dissection (dotted line).
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Fig 2.

Smoothed hazard estimate for (A) the overall study cohort and (B) stratified by aneurysm
(Freestyle [Medtronic, Minneapolis, MN] excluded; solid line), Freestyle only (dashed line),

and dissection (dotted line).
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Duke University Proximal Aortic Surveillance Protocol
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Fig 3.

DSke aortic surveillance protocol. DeBakey type | dissection, connective tissue disorder, or
vasculitis/aortitis: computed tomography angiography of the chest, abdomen, and pelvis plus
transthoracic echocardiography or cardiac magnetic resonance imaging/aortic magnetic
resonance angiography. DeBakey type Il dissection, degenerative (atherosclerotic)
aneurysm, or bicuspid aortic valve: initial scan of the chest, abdomen, and pelvis but
subsequent scans are of the chest only if no abdominal pathology is noted.
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Baseline Patient Characteristics

Table 1

No Reintervention

Reintervention

(n=832) (n=37)
Variable No. (%) No. (%) p Value
Male gender 579 (70) 22 (60) 0.205
White race 628 (76) 23 (62) 0.08
Hypertension 649 (78) 35 (95) 0.013
Hyperlipidemia 445 (54) 22 (60) 0.505
Tobacco abuse history 366 (44) 20 (54) 0.241
Diabetes 78 (9) 1(3) 0.243
CAD 206 (25) 10 (27) 0.702
History of stroke or TIA 68 (8) 7(19) 0.033
COPD 108 (13) 9 (24) 0.079
Baseline creatinine >1.5 mg/dL 93(11) 11 (30) 0.002
PVD 62 (8) 1(3) 0.511
Connective tissue disorder 65 (8) 2 (5) 1.0
Bicuspid aortic valve disease 305 (36.7) 3(8.1) <0.001

Page 13

CAD = coronary artery disease; COPD = chronic obstructive pulmonary disease; PVD = peripheral vascular disease; TIA = transient ischemic

attack.
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Table 2

Among Patients With Index Proximal Aortic Repair for Aneurysm, Subsequent Reason for Reintervention and
Type of Reintervention Performed

% (No.)
Variable (n=21)

Indication for reintervention

Descending/thoracoabdominal aneurysm  47.6 (10)

Root aneurysm/pseudoaneurysm 28.6 (6)
Severe Al 14.3 (3)
Endocarditis 48(1)
Transverse arch aneurysm 4.8 (1)

Reintervention performed

TEVAR 42.9 (9)
Redo root replacement/ascending 28.6 (6)
AVR 19.1 (4)
Open thoracoabdominal 48(1)
Arch 4.8 (1)

Al = aortic insufficiency; AVR = aortic valve replacement; TEVAR = thoracic endovascular aortic repair.

Ann Thorac Surg. Author manuscript; available in PMC 2017 March 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Iribarne et al. Page 15

Table 3

Among Patients With Index Proximal Aortic Repair for Dissection Subsequent Reason for Reintervention and
Type of Reintervention Performed

% (No.)
Variable (n=15)
Indication for reintervention
Descending/thoracoabdominal aneurysm 60 (9)
Transverse arch aneurysm 26.7 (4)
Root aneurysm/ pseudoaneurysm 13.3(2)
Reintervention performed
Open thoracoabdominal 46.7 (7)
Arch 26.7 (4)
Redo root replacement/ascending 13.3(2)
TEVAR 13.3(2)

TEVAR = thoracic endovascular aortic repair.
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